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Abstract 
Background and Aim: Solubility is among the negative characteristics of dental ma-
terials leading to structural degradation of cements and decreased longevity of resto-
rations. The present study sought to assess the water sorption and solubility of Fuji-
Cem resin-modified glass ionomer (RMGI) and G-Cem self-adhesive resin cement in 
water and acid. 
Materials and Methods: In this experimental study, 5 discs were fabricated from 
each understudy cement for solubility testing in lactic acid and 5 other disc-shaped 
specimens were made for evaluation of water sorption and solubility. Specimens were 
immersed in distilled water for 7 days and immediately weighed afterwards (M2). 
Discs were then transferred to a desiccator again to reach a constant weight of M3.
Water sorption and solubility were calculated using the respective equations. For acid 
solubility testing, specimens were immersed in lactic acid for 24h. Independent t-test 
was applied for statistical analysis of results. 
Results: Solubility in distilled water was 0.0000139±0.0001µg/m3 for FujiCem and 
0.0000016±0.000005µg/m3 for G-Cem (p=0.480). Water sorption was 
0.0000197±0.000234 for FujiCem and 0.0000025±0.00004 for G-Cem (p<0.001). 
Acid solubility was 0.0059414±0.0016 for FujiCem and 0.0039115±0.0016µg/m3 for 
G-Cem (p=0.348). 
Conclusion: The two understudy cements had no significant difference in water or 
acid solubility but FujiCem RMGI showed greater water sorption than G-Cem self-
adhesive resin cement. 
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Introduction 
Clinical success of luting cements depends on var-
ious factors such asmechanical properties, biologi-
cal effects on soft tissue and dental pulp, chemical 
bond to tooth structure, water solubility and water 
sorption of cements [1]. 
Solubility is among the negative characteristics of 
dental materials that leads to structural degradatio-
nof cements and reduced longevity and survival of 

restorations [2]. Solubility is weight loss per area 
or volume unit due to dissolution or decomposition 
of material within a time period at specific temper-
ature in saliva or oral fluids [3]. On the other hand, 
water sorption causes an increase in volume of 
dental material that may compensate for polymeri-
zation shrinkage. However, it is associated with a 
drop in mechanical properties compromising the 
cement-tooth bond and causing subsequent micro-
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leakage of saliva and cariogenic microorganisms 
via the cement-tooth interface. Acids produced 
from the metabolic activity of microorganisms 
lower the pH and lead to tooth hyper-sensitivity, 
discoloration, caries recurrence and pulp injury [4-
14]. Furthermore, entry of some organic constitu-
ents of dental materials into the body following 
their dissolution causes local and systemic allergic 
reactions [4, 9, 15]. One important test for dental 
materials is the comparison of their water sorption 
because pulp irritation is most probably caused by 
the function of bacteria rather than direct effect of 
restorative materials [16]. 
Luting cements are used for cementation of resto-
rations [12] and since 1952 methyl methacrylate-
based resin cements have been used for this pur-
pose [17]. Conventional glass ionomers are capa-
ble of chemical bonding to enamel and dentin and 
fluoride release. Additionally, their modulus of 
elasticity is similar to that of dentin and they have 
modulus of thermal expansion similar to that of 
tooth structure. They also possess relatively high 
opacity [2, 18, 19]; but they are susceptible to 
moisture contamination and have a difficult isola-
tion [19]. RMGIswere introduced in 1980s. 
Theyare now among the most commonly used base 
and liners due to their easier application, greater 
resistance to abrasion and higher esthetics com-
pared to conventional glass ionomers [2, 18]. Fur-
thermore, due to faster setting,theyhave less tech-
nical sensitivity [19] while maintaining their ability 
to bond to tooth structure and release fluoride [18]. 
These cementsare available in two types of self-
cure and light-cure and the pack contains powder 
andliquid bottles [15]. 
Extensive investigations have been carried out on 
the solubility and water sorption of resin cements 
and RMGIs yielding controversial results [4-14]. 
The advantage of resin cements over glass ionomer 
cements is their less solubility and water sorption 
[20]. Considering all the above, this study sought 
to assess and compare the solubility and water 
sorption of G-Cem self-adhesive resin cement and 
Fuji-Cem RMGI. 
 
Materials and Methods 
This in-vitro experimental study was conducted on 
two base and liner materials according to ISO 
4049:2000 (E) standards for evaluation of water 
solubility and water sorption and ISO 9917-1:2007 

(E) standards for the assessment of acid solubility 
[16, 21]. Characteristics of the understudy mate-
rials are presented in Table 1.  
For water solubility and water sorption testing, 5 
discs were fabricated of each material and a total 
of 20 disc-shaped specimens measuring 15 mm in 
diameter and one mm in thickness were fabricated 
in stainless steel molds as follows [16, 22, 23]. 
G-Cem is offered in the form of capsule. The cap-
sule was placed in an amalgamator and mixed ac-
cording to the manufacturer’s instructions. The 
mixture was transferred to moulds using a spatula 
at 25°C temperature and 50% relative humidity. 
FujiCem is offered in the form of two pastes. Spe-
cific amounts of pastes were mixed according to 
the manufacturer’s instructions on a glass slab us-
ing a spatula under similar conditions as mentioned 
above. The obtained mixture was transferred with a 
spatula to stainless steel moulds measuring 15 mm 
in diameter and one mm in thickness. The moulds 
were over-filled with the materials. A celluloid 
strip was placed over the moulds and topped with a 
glass slab [7, 15, 24]. The specimens were light-
cured using a Coltolux 2.5 (Coltolux, USA) light-
curing unit with400 mw/cm2 intensity three times 
from each side for 40s in an overlapping fashion. 
The materials were cured for a total duration of 
120s with 0.5 mm distance between the specimen 
surface and the tip of the device. Specimens were 
then transferred to a desiccator containing fresh 
silica gel and stored at 37±1°C for 22h. Next, the 
specimens were transferred to another desiccator 
and stored at 23±2°C for 2 h to achieve optimal 
curing.  
In the next step, the specimens were weighed using 
an electronic digital scale (ANDMADRIN, Japan) 
with microgram readability. Drying cycle was con-
tinued for each disc until reaching a stable weight 
of M1. After 5 weeks, specimens reached M1 
weight and diameter (D) and height (h) of each 
specimen at the center of disc and four extra points 
at equal distances from the center were measured 
using a digital caliper (Mitutoyo, Japan). Volume 
of each specimen was also calculated and reported 
in mm3.
Specimens were then immersed in distilled water 
and stored in an incubator at 37°C. Seven days lat-
er, specimens were removed from distilled water, 
rinsed with fresh distilled water, dried with absorb-
ing paper, shook in the air for 15 s and weighed  
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one minute after removal from the incubator (M2). 
Specimens were then placed in a desiccator con-
taining fresh silica gel and drying cycle was con-
tinued for 5 weeks until the specimens reached 
their final weight (M3). 
Final volume of specimens (V2) was also calcu-
lated after the samples reached their final (M3) 
weight using the equation 1. 
Equation 1: ][ hDV ××= π22/)(
Water sorption (Wsp) and water solubility (Wsl)
were also calculated according to ISO 4049 2000 
standard in µg/mm3 using the following equations: 
Equation 2: Wsp=(M2-M3)/V2   
Equation 3: Wsl=(M1-M3)/V2 
Acid solubility was measured according to ISO 
9917-1: 2007 (E) standard using the erosion test as 
follows: 
In order to prepare theerosive material, 8.27 g lac-
tic acid (general purpose reagent grade or purer) 
and 0.92 g sodium lactate (general purpose reagent 
grade or purer) (Merck, Germany) were mixed 
with grade 3 water at least 18 h prior to the expe-
riment according to ISO 3696:1987 standard. The 
pH of the solution was 2.74±0.02 and adjusted 
with 1 M/L sodium lactate solution or 1 M/L lactic 
acid using a digital pH-meter (Denver Instrument, 
USA). 
Five square-shapedmoulds measuring 30x30 mm 
with 5 mm thickness or disc-shapedmoulds mea-

suring 5±0.05 mm in diameter and 2±0.5 mm in 
depth at the center were fabricated of poly methyl 
methacrylate. Understudy materials were mixed 
according to the manufacturer’s instructions at 
23±1°C. To prevent voids, first one part of the 
mould was filled with the material and then the 
remaining material was appliedto the opposite end 
of the mould. Specimens were cured according to 
the recommended intensity and timing. The 
mouldswere placed on a plate and a glass slabwas 
placed over the cement surface. The entire com-
plex was pressed using a clamp. After storage in an 
incubator at 37°C for 24h with relative humidity of 
90%, the plate and the glass slab were separated 
from the mould and specimen surface was ground 
until reaching the level of mould using a 1200 grit 
abrasive discs under water irrigation. The accepta-
ble difference between the level of specimen and 
mould was 5 microns. The height of mould was 
measured at 4 points near the center of specimen 
using a digital caliper. These 4 points had at least 
90° distance from one another. The mean of these 
values was then calculated. Specimen thickness at 
the center was measured as well. The obtained two 
values were subtracted and D0 was obtained. Each 
mould along with its respective specimen was ver-
tically placed in a separate tube containing 30 ml 
of acidic solution in a way that the specimen sur-
face was facing up and at least 10±3 mm of the 

Material Manufacturing company Constituents 

G-Cem self-adhesive resin cement GC USA 

Ester monomer, di-methacrylate, 4-MET, 
UDMA, phosphoric acid, initiator, fluoroalu-

minosilicate radiopaque powder, fluoride-
releasing glass and water 

FujiCem RMGI GC USA 

HEMA monomer, Maleic and acrylic acid co-
polymer, comphorquinone photo-initiator, liq-
uid initiator, fluoroaluminosilicate radiopaque 

powder, fluoride-releasing glass and water 

Table 1: Characteristics of the understudy materials 

Figure 1: Disc-shaped moulds for fabrication of solubility testing specimens 
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acidic solution covered the specimen surface. The 
tube was sealed and stored at 37°C for 24h. After 
this time period, the specimens were removed from 
the tubes and rinsed with distilled water. The depth 
at the center of each specimen was measured as the 
reference point with the use of mould margins to 
calculate the new depth (Dt). By subtracting the 
two values of D0 (depth at the center of specimen 
before placemen in acid in mm) and Dt (depth at 
the center of specimen after acid immersion in 
mm), the D value (depth of corrosion) was calcu-
lated as follows: 
D=Dt-D0
Data were analyzed using independent t-test. 
amount of soluble residual monomer in the materi-
al standard. Monomer polymerization degree, the 
and comparable to those of other tests using the 
same and natural solubility of polymers and offer 
results materials. These tests evaluate the water 
 

Discussion 
This experimental study aimed to compare water 
and acid solubility and water sorption of FujiCem 
RMGI and G-Cem self-adhesive resin cement. Fu-
jiCem had higher water sorption than G-Cem but 
in terms of water or acid solubility, no significant 
difference was observed between the two cements. 
Filler content, size of filler particles, surface area 
of filler particles, coupling agents and type of par-
ticles can all affect the solubility of cements [1]. 
Assessment of solubility according to ISO standard 
is usually suggested for primary testing of different 
sorption speed of polymerization affect the solubil-
ity of materials. Voids entrapped in the material 

dur ing mixing prevent polymer polymerization at 
the 
 
Results  
In this study, 5 specimens of each material and a 
total of 10 samples were evaluated in terms of wa-
ter sorption and solubility in two groups of water 
and acid. No statistically significant difference was 
found between the two groups of G-Cem and Fuji-
Cem in terms of water solubility (p=0.480) (Table 
2). Table 2 also presentswater sorption of G-Cem 
and FujiCem. As observed in Table 2, a significant 
difference existed between the two cements and 
FujiCem showed higher water sorption (p=0.001). 
Table 3 reveals that no significant difference ex-
isted between the two understudy cements in terms 
of acid solubility (p=0.348).  
 

void surface and increase the solubility of the ce-
ment [4].  
From an atomic point of view, the diffusion me-
chanism is gradual migration of atoms in the spe-
cimen volume. In general, in diffusion phenome-
non, water penetrates into the polymeric com-
pounds. In this phenomenon, called free volumetric 
theory, water penetrates into the porosities of the 
material without involvement with the polar mole-
cules of the polymer [4]. 
In interaction theory, water penetrates into the ma-
terial and successfully bonds with the hydrophilic 
groups of the compound [4]. Polymers have varia-
ble degrees of water sorption based on their micro-

Cement Water solubility 
Mean ±SD 

Water sorption 
Mean ±SD 

FujiCem 0/0000139±0/000100 0/0000197±0/000234 

G-Cem 0/0000016±0/000005 0/0000025±0/000040 

P value 0/480 0/001 

Cement/Solubility Mean ±SD P value 
FujiCem 0/0059414±0/001600  

G-Cem 0/0039115±0/001600 0/348 

Table 2: The mean and standard deviation of water solubility and water sorption in the understudy groups 
(mg/mm3)

Table 3: The mean and standard deviation of acid solubility in understudy groups (mm) 
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scopic and molecular structure. For instance, polar-
ity of molecules, presence of hydroxyl groups that 
can form hydrogen bonds with water, matrix po-
lymerization degree, presence of water absorbing 
constituents in the composition of material and 
type, volume percent and solubility of filler par-
ticles can all affect the water sorption of a material 
[1]. Curing and setting of RMGIs are based on ac-
id-base reactions similar to conventional cements 
and also polymerization of free radicals in the resin 
part of these materials. Thus, as our study results 
showed as well, these cements are expected to 
have greater water sorption. In the resin part of 
Fuji Cem, a considerable amount of hydrophilic 
groups such as hydroxy ethyl methacrylate 
(HEMA) are present that act like hydrogen and 
absorb greater amounts of water [4].  
In our study as well as many others, the highest 
amount of water sorption occurredwithin the first 
hours and days. For RMGIs, this increase in vo-
lume continued in the following days as well. This 
phenomenon is due to the completion of polymeri-
zation processwithin the mentioned time periods. 
Studies have reported variable results in terms of 
solubility depending on the physicochemical prop-
erties of different polymers [4]. That is the reason 
why cements manufactured by different companies 
show different results despite the similarity of their 
main constituents [13]. In other words, water sorp-
tion and solubility mainly depend on the type of 
material and the different results yielded by vari-
ous studies on the same material are usually attri-
buted to the difference in resin matrix composi-
tions [25]. 
Mese et al, in their study in 2008 evaluated water 
sorption and solubility of luting cements. The re-
sults showed that GC Fuji required 3-4 weeks for 
stabilization in water. In our study, we allowed 5 
weeks to reach a stable weight. Also, GC Fuji had 
the highest water sorption and percentage of 
changes in resin cements was significantly less 
than GC Fuji RMGI. Overall, their obtained results 
were in accord with ours [5].  
Toledano et al, in their study evaluated water sorp-
tion and solubility of Fuji II LC RMGI in compari-
son to composite resins like Z100. As mentioned 
earlier, water sorption is a diffusion-dependent 
phenomenon that occurs in the organic resin ma-
trix. Therefore, it depends on resin constituents and 

can significantly increase water sorption. Based on 
their obtained results, Vitremer and Fuji II LC that 
are both RMGIs had higher water sorption than 
Z100 and Prodigy composite resins due to the 
presence of hydrophilic compounds like HEMA in 
their composition [25]. 
Our study was carried out in accordance with ISO 
4049: 2000 (E) and ISO 9917-1 2007 (E) stan-
dards. Therefore, our obtained results are compa-
rable with those of other studies using the same 
standards.  
Kanchanvasita et al, study was totally in accord 
with ISO 4049 standard and reported higher water 
sorption and water solubility of RMGIs compared 
to other resin-based materials [15].  
Banava et al, in their study conducted in accor-
dance with ISO 4049 and ISO 9917-1 standards 
compared Fuji lining GClight-cure RMGI and a 
base containing hydroxyapatite (Lime-Lite) in 
terms of solubility in distilled water, acid and ar-
tificial saliva and found no significant difference 
between the two [23]. 
Using profilometry, Eisenburger et al. compared 
the erosion of GI and zinc phosphate cements in 
presence of citric acid at different pH values and 
concluded that Ketac-Cem GI and resin-based 
Dual-Cement had less surface erosion than zinc 
phosphate cement [1].  
Marghalini evaluated water and acid solubility of 
self-adhesive resin cements. All 4 types of unders-
tudy cements had greater solubility in acid than in 
water. GC cement had the highest and Rely X Un-
icem had the lowest solubility. He attributed higher 
solubility of G-Cem to the presence of UDMA that 
has been demonstrated to have higher solubility 
than Bis-GMA in many studies [26]. 
 
Conclusion  
FujiCem RMGI had higher water sorption than G-
Cem self-adhesive resin cement but the two ce-
ments were not significantly different in terms of 
solubility in water and acid. 
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