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ABSTRACT 
The aim of the present research was to study the per-

centage water sorption and solubility of Esthet composite 
resin based on an ethoxylated bisphenol A glycol dimeth-
acrylate (Bis–EMA) and Heliomolar composite resin based 
on bisphenol A glycol dimethacrylate (Bis–GMA). Six speci-
mens were prepared for each material using aluminum disc 15 
mm in diameter and 1 mm in thickness between two glass 
slides; then they were light cured for 80 seconds on each side. 
Percentage water sorption and solubility were measured after 
one week and one month. The results showed that water so-
rption after 1 week for Esthet composite and Heliomolar co-
mposite were 0.433 and 1.12, respectively and solubility were 
0.074 and 1.066, respectively; while water sorption after 1 
month were 0.517 and 2.57, respectively and solubility were 
0.176 and 2.689, respectively. 

It could be concluded that the percentage sorption and 
solubility of composite based on Bis–EMA were significantly 
lower than that based on Bis–GMA. 
Key Words: Water sorption, composite resin, water solub-
ility. 
 
 

INTRODUCTION 
Dental composite resin exhibit water 

sorption property in oral cavity.(1) Mechan-
ical properties such as strength, hardness, 
elastic modulus and dimensional stability 
are affected by water sorption.(2–5) These 
reductions of mechanical properties have 
been attributed to the hydrolytic degrada-
tion of the polymer matrix and of filler and 
to water induced filler–matrix bond fail-
ure.(6, 7)  

In an effort to overcome the compo-
site material resistance to flow (high visc-
osity), manufacturers reported the dilution 
of composites with unfilled resin to facili-
tate placement during restorative procedu-
res. The most widely used resin in dental 
composites is that based on the copolymer 
prepared from a combination of bisphenol 
A glycol dimethacrylate (Bis–GMA) and 
triethylene dimethacrylate (TEGMA). 
TEGMA is usually added to Bis–GMA in 

order to achieve workable viscosity limits 
since the latter monomer possesses very 
high viscosity due to intermolecular hyd-
rogen bonding.(8, 9) Bis–GMA monomers 
are hydrophilic; there is growing need to a 
lower water uptake. The ethoxylated bis-
phenol A glycol dimethacrylate (Bis–
EMA) has been proposed as less hydro-
philic monomer.(10, 11) 

The aim of the present research was 
to determine the water sorption and solu-
bility characteristics of light – cured com-
posite resins based on Bis – GMA or Bis–
EMA. 

 
 

MATERIALS AND METHODS 
Two visible light–cured composite 

resins were used: Esthet composite resin 
(Dentsply Caulk, Dentsply International 
Inc, Milford, USA), which is a hybrid 
composite resin. The monomer matrix is 
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composed of Bis–EMA. The inorganic 
filler 79 weight % with particle size 0.04 
μm; and Heliomolar composite resin (Viv-
adent, Schaan, Liechtenstein), which is a 
microfilled composite. The monomer mat-
rix is composed of Bis–GMA. The inorg-
anic filler 77.8 weight % with particle size 
0.04 μm. 

Specimens were prepared using alum-
inum discs 15 mm in diameter and 1 mm 
in thickness between two glass slides; then 
they were irradiated for 80 seconds on 
each side with dental curing unit (Quayle 
Dental, Derotor House, Dominion Way, 
UK). 

Six specimens were prepared of each 
material. These were dried over silica gel 
in a desiccator at 37 ºC and weighted daily 
to an accuracy of 0.001 gm using a digital 
balance (Sartorius AG, Germany). Speci-
mens were re–weighed at regular intervals 
every 24 hours until constant weight was 

achieved. All specimens were found to be 
stable after 48 hours. This was considered 
to be the initial weight of the specimens 
(W1). Specimens were then immersed in 
distilled water in an incubator at 37 + 2 ºC. 
The specimens were subsequently remov-
ed from their containers at one week and 
one month. Excess water was removed by 
blotting with filter paper and the weight of 
the specimen was recorded (W2) at each 
occasion. This represented the weight of 
the specimen after sorption or desorption 
of distilled water after one week and one 
month immersion in distilled water. 

The specimens were then transferred 
to a drying desiccator at 37 ºC and wei-
ghted daily until constant weight was 
achieved and the amount of soluble mater-
ial lost was measured after each sorption 
or desorption cycle and recorded (W3).  

The percentage sorption and solubil-
ity were determined as follows:  

 
1)  

                         W2–W3  
             Sorption % =                       × 100 

                            W1 
 

                                Weight after sorption or desorption–Final weight after desiccation   
                     Sorption % =                                                                                                              × 100 

                                                                         Initial weight 
 

2) 
                            W1–W3  

            Solubility % =                        × 100 
                               W1 
 
                                 Initial weight–Final weight after desiccation   

            Solubility % =                                                                                               × 100 
                                                          Initial weight 

 
 
Student’s t–test was used to compare 

the effect of one week and one month 
immersion in distilled water on percentage 
sorption and solubility of Esthet and Heli-
omolar composites. Also t–test was used 
to compare the effect of Bis–GMA and 
Bis–EMA on percentage sorption and sol-
ubility. A level of p > 0.05 was regarded 
as non significant. 

 
 

RESULTS 
The means of the percentage sorption 

and percentage solubility in distilled water 
are summarized in Table (1) and the 
Figure. 

Tables (2) and (3) show the differ-
ences in the percentage sorption and solu-
bility after one week and one month imm-
ersion in distilled water. For Esthet comp-
osite, there was no statistical difference 
between one week and one month. For 
Heliomolar composite, the percentage sor-
ption and solubility after one month was 
significantly greater than after one week (p 
< 0.001). 
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Table (1): Means of percentage sorption and percentage solubility  
of Esthet and Heliomolar composite resin 

Percentage Sorption Percentage Solubility Material 1 Week 1 Month 1 Week 1 Month 
Esthet 0.433 0.517 0.074 0.176 

Heliomolar 1.12 2.57 1.066 2.689 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Percentage sorption and solubility after one week and one month for Esthet and 
Heliomolar composite resins 

 
 

 
Table (2): Student’s t–test comparing between one week  

and one month sorption of Esthet and Heliomolar 
1 Week 1 Month 

Material Mean + SD Mean + SD t–value Significance 

Esthet 0.433 0.07 0.517 0.11 –2.57 p > 0.05 
Heliomolar 1.12 0.46 2.57 0.57 –18.782 p < 0.001 
SD: Standard deviation. 

 
 
 

Table (3): Student’s t–test comparing between one week  
and one month solubility of Esthet and Heliomolar 

1 Week 1 Month 
Material Mean + SD Mean + SD t–value Significance 

Esthet 0.074 0.056 0.176 0.041 –2.168 p > 0.05 
Heliomolar 1.066 0.324 2.689 0.090 7.52 p < 0.001 
SD: Standard deviation. 
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Tables (4) and (5) show that the 
percentage sorption and solubility at one 
week and one month for Esthet composite 

based on Bis–EMA was significantly low-
er than that of Heliomolar composite bas-
ed on Bis–GMA (p < 0.001). 

 
 

Table (4): Student’s t–test comparing between percentage sorption  
of Esthet and Heliomolar at one week and one month 

Esthet Heliomolar 
Time Mean + SD Mean + SD t–value Significance 

1 Week 0.433 0.07 1.12 0.46 –10.739 p < 0.001 
1 Month 0.517 0.11 2.57 0.57 –17.577 p < 0.001 

SD: Standard deviation. 
 
 

Table (5): Student’s t–test comparing between percentage solubility 
of Esthet and Heliomolar at one week and one month 

Esthet Heliomolar 
Time Mean + SD Mean + SD t–value Significance 

1 Week 0.074 0.056 1.066 0.320 –24.634 p < 0.001 
1 Month 0.176 0.041 2.689 0.090 –4.432 p < 0.001 

SD: Standard deviation. 
 
 
 

DISCUSSION 
The sorption of water by the compo-

site resin is dependent on the matrix resin 
and fillers.(12, 13) The matrix resin of Esthet 
composite was based on Bis–EMA; while 
for Heliomolar composite, the matrix resin 
was based on Bis–GMA. This Bis–GMA 
is considered as a hydrophilic material and 
has the ability to form hydrogen bond 
which increase the hydrophilic feature of 
Bis–GMA.(14) So, the Heliomolar compo-
site exhibit significant higher water sorp-
tion. 

The Bis–EMA has been proposed as a 
less hydrophilic monomer,(10, 11) and this 
may be due to the structure of Bis–EMA 
that is similar to the structure of Bis–GMA 
but without the two hydrophilic (–OH) 
groups.(15) So, the water sorption and solu-
bility of light cured composite based on 
Bis–EMA was significantly lower that that 
based on Bis–GMA and this finding has 
come in agreement with other studies.(9, 16) 

The composite resin based on Bis–
GMA exhibit greater solubility than the 
composite resin based on Bis–EMA. This 
may be due to the fact that the most pro-
bable site for accumulation of additional 
water was considered the interface betw-
een the inorganic filler particles and the 

polymer matrix(9, 15) that cause swelling 
stress and small volumetric changes that 
may weaken the filler–matrix interface(17) 

which facilitate the leaching of the filler 
particles and increasing the solubility of 
Bis–GMA based composite resin. For co-
mposite based on Bis–EMA the accumula-
tion of additional water at the interface 
between fillers and matrix is smaller than 
that of Bis–GMA composite because water 
sorption of Bis–EMA is significantly sma-
ller than Bis–GMA composite. So, the fill-
er matrix interface was not affected and the 
solubility was reduced.    

 
 

CONCLUSIONS 
It was concluded that the water sor-

ption of Esthet composite resin based on 
Bis–EMA was significantly lower than 
that of Heliomolar composite resin based 
on Bis–GMA. Also, it was concluded that 
the water sorption and solubility of comp-
osite based on Bis–GMA after one month 
was significantly greater than after one 
week immersion in distilled water and 
there is no statistical difference between 
one month and one week for the 
composite resin based on Bis–EMA. 
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It was also concluded that the solu-
bility of Heliomolar composite resin based 
on Bis–GMA was significantly greater 
than that of Esthet composite resin based 
on Bis–EMA and the solubility after one 
month was significantly greater than one 
week for Bis–GMA based composite whi-
le for Bis–EMA based composite there 
was no statistical difference at the two 
times (one week and one month).    
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