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Abstract 
 

      Since composite water sorption can result in expansion of the restoration, which would be 
detrimental to the restoration, it is important to limit the amount of water absorbed. The aim of this 
study was to evaluate and compare water sorption values of various composite materials.  
      Seven commercial light-activated composite materials: Tetric Evo Ceram (Ivoclar, Vivadent, 
Schaan/Liechtenstein, Austria), Premise (Kerr, Orange, CA USA), Herculite (Kerr), Z100 (3M-
ESPE, St. Paul, MN, USA), Z250 (3M-ESPE), P60 (3M-ESPE) and SupremeXT (3M-ESPE). Ten 
disc specimens were prepared for each composite material using a stainless steel mold with 15 mm 
in inner diameter and 1 mm in thickness. The curing of each composite specimen was divided into 
5 segments and each segment was photo-cures for 40 seconds. Water sorption of different 
materials was calculated by means of weighting the samples before and after water immersion (15 
days) and desiccation. Data were analyzed by one-way ANOVA at 5% level of significance.  
      Tetric Evo Ceram composite showed the lowest water sorption values followed by Herculite, 
P60, supreme XT, Z100, Z250 and Premise which exhibited the highest values.   
      All the composites being tested in this study exhibited sorption values within the acceptable 
limits and composite composition significantly influenced its water sorption value. 
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 Introduction 

 

 During the last few years, resin 
composites have been classified according to 
their filler particle size, as hybrid, microhybrid and 
microfilled. More recently, however, with the 
introduction of nanotechnology in dentistry1, a 
new class of resin composites, the so-called 
nanocomposites, is available to clinicians. 
However, there is a lack of data about the 
sorption phenomena of this new class of 
restorative materials. The oral environment plays 
an important role in the properties of the dental 
restorative materials. Water sorption may affect 
dental restorative materials such as composites, 

by compromising their physical and mechanical 
properties2-4. 
        Water sorption by composite materials is a 
diffusion-controlled process, and the water 
uptake occurs largely in the resin matrix 5. The 
water sorbet by the polymer matrix could cause 
filler–matrix debonding or even hydrolytic 
degradation of the fillers6 and may affect 
composite materials by reducing their mechanical 
properties7,8. The hydrolytic degradation is a 
result of either the breaking of chemical bonds in 
the resin or softening through the plasticizing 
action of water9. Sorption affects composite 
restoration by water uptake producing an 
increased weight of the composite restoration10. 

The aim of this study was to evaluate and 
compare water sorption values of various 
composite materials.  

    
Materials and methods 
 

Seven composite materials were selected 
for sorption evaluation in this study: Tetric Evo 
Ceram ( nanofilled ) ( Ivoclar, Vivadent, Schaan / 
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Liechtenstein, Austria ), Premise ( nanofilled ) ( 
Kerr, Orange, CA,USA ), Herculite ( Kerr ), Z100 
3M-ESPE, St. Paul, MN, USA ), Z250 ( 3M-
ESPE), P60 ( 3M-ESPE ) and Supreme XT 
(nanofilled ) ( 3M-ESPE ) forming 7 experimental 
groups ( n = 10 ). The composition of the 
selected composites is summarized in Table 1.  

 
Table 1. Composition of the selected composites 
in this study. 
 

Each composite specimen disc was 15 ± 
1 mm in diameter and 1 ± 0.1 mm thick and was 
prepared using a stainless steel mould (Figure 
1).  

 

 
Figure 1. The composite stainless steel mould 
used in this study. 

The material was prepared in accordance 
with the manufacturer's instructions, by filling the 
mold with the material using a plastic spatula to 
condense, and covering it with a polyester 
transparent film which was placed over the mould 
and finally covered by a glass slide. The photo-
curing of each composite specimen was divided 
into 5 sections overlapping each other and each 
section was photocured with the bluephase C5 
(LED) (Ivoclar, Vivadent) light curing unit for 40s. 
The specimens were removed from the mould 
and any flash if present, was removed.  

The specimens were immersed in distilled 
water and maintained at 37 C° for 15 days. After 
that time, the specimens were removed, washed 
with water, surface water blotted away until free 
from visible moisture, and waved in the air for 15 
seconds, then finally weighed 1 minute after 
being removed from the water by using an 
analytical balance (Precisa,TYP 205A,made in 
switzerland). This mass (m1) was recorded.  

The specimens were placed in the 
desiccator containing silica gel, freshly dried for 2 
hours at 58 °C to obtain (m2). This cycle was 
repeated until constant mass was obtained. 
These steps were carried out to evaluate water 
sorption (A) according to Oysaed & Ruyter7 
formula: A=m1−m2/V, where m1 is the sample 
weight after immersion and m2 is the sample 
weight after immersion and desiccation. V is the 
volume of the specimen in cubic millimeters.  The 
data was analyzed by one-way ANOVA at 5% 
level of significance. 

 

      Results 
 

Table (2) summarizes sorption, means 
and standard deviations (in parenthesis) of Tetric 
Evo Ceram, Premise, Herculite, Z100, Z250, P60 
and Supreme XT composites in µg/mm3.  

 

 
Table 2. Means sorption values and standard 
deviations of the tested composites. 
 

Premise light activated composite 
exhibited the highest mean value, while Tetric 
Evo Ceram composite exhibited the lowest mean 
value (Figure 2).  
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Figure 2. Mean sorption values for the composite 
groups in µg/mm3. 
 

Further statistical analysis of data by 
using one-way analysis of variance (ANOVA) 
revealed that, there was statistically significant 
difference (P≤0.05) in water sorption values 
between the seven composite groups being 
tested as shown in Table 3. 

 

 
Table 3. One-way Analysis of Variance (ANOVA) 
of the sorption test. 
 
 Discussion 

 
 Many resin-based composite materials 
are Bis-GMA–based. The high viscosity of the 
polymer requires the addition of diluent 
monomers, which coupled with the presence of 
hydroxyl groups in the Bis-GMA molecule result 
in high values for sorption. Since such sorption 
can result in expansion of the restoration, which 
would be detrimental to the restoration, it is 
important to limit the amount of water absorbed. 
Higher sorption values can manifest as reduced 
wear and abrasion resistance of resin-based 
composites, as well as color instability. ADA 
Specification No. 2711 requires that “the water 
sorption of all materials shall be less than or 
equal to 40 μg/mm3” within a seven day period of 
water storage” Resin composites indicated as 
restorative materials must also comply with ISO 
4049 for a maximum value of 40 μg/mm3 for 
water sorption within a seven day period of water 
storage12.  

The water sorption values obtained from 
this study are remarkably lower than ADA and 

ISO guidelines, even for a 15-day storage time 
which is double than the recommended time. 
          Several factors, such as the polymeric 
matrix composition13, filler particle type and 
content14 can influence sorption behavior of resin 
composites. Statistical significant differences 
were detected between the tested composites in 
this study.  Results are probably related to the 
composition of the tested composites. The 
composites used in this study have a great 
similarity in the filler particle percentage by 
volume (Table 1) but showed differences in their 
filler particle size and shape and could be one of 
the causes that affect sorption values15.  

Premise light activated composite 
exhibited the highest sorption values and this 
could be related to its highest filler loading by 
volume (69%) and the presence of non-
agglomerated silica nano-particles and 
prepolymerized filler (Table 1). The sorption 
phenomenon in resin composite materials is 
mainly dependent on the hydrophilicity of their 
polymeric matrices13.   

The chemistry of the monomers present 
in the matrix is the key to the hydrophilic nature 
of the polymer16. In this study, the resin matrix 
composition of Premise light-activated composite 
contains ethoxylated Bis-GMA resin matrix which 
can be considered a weak resin matrix in 
providing the composite adequate resistance 
against sorption. In addition to the polymeric 
matrix, the filler particle system may also 
influence the sorption phenomenon in resin 
composites. Analyzing several commercial resin 
composites and experimental dimethacrylate 
models, Kalachandra and Wilson17 (1992) found 
that Silux Plus, i.e., a microfill resin composite 
with a 0.04 μm silica filler (in this study Premise 
resin composite 0.02 μm non-agglomerated silica 
nanoparticles), displayed a more drastic 
reduction in elastic modulus after storage in 
water at 37ºC. This result was related to the 
greater amount of water accumulated at the 
matrix-filler interface.  

In conclusion, these authors claimed that 
the interface between the inorganic filler particle 
and the polymeric matrix is the most probable 
site for accommodation of additional water in 
resin composites. It seems obvious that the large 
total surface area of silica filler in Silux Plus resin 
composite contributed to the results of the above-
mentioned study. The same reasoning could be 
used to justify the differences in sorption values 
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between the composites studied in the present 
study.  

It is reasonable to assume that the 
theoretically larger total surface area of nanofilled 
composite particles, derived from the 
nonagglomerated 20 nm silica filler, allowed 
more water to accumulate at the filler particle-
polymeric matrix interfaces, thus increasing its 
sorption value. Another possibility that could 
explain the greater sorption values in the 
Premise composite is that, the water 
accumulated at the aggregated silica cluster 
filler-organic matrix interface could have created 
paths for water diffusion towards the inside of 
aggregates, where the presence of microvoids is 
quite probable, due to lack of 5-20 nm-sized 
primary particles being impregnated in the 
polymeric matrix18.  

It is possible that in the presented study, 
degree of conversion might affects the sorption 
values indirectly since the non-agglomerated 
silica nano-particles with mean size of 20 nm of 
Premise light activated composite (Table 1) may 
have caused a light-scattering effect in nanofilled 
composite. Thus, the light intensity might have 
been attenuated and the degree of conversion 
decreased. On the other hand, in the other 
composites being tested, light transmittance was 
probably higher, and their degree of conversion 
was not affected19.  

 
 Conclusions 

 
1- All the composites being tested in this study 

exhibited sorption values within the 
acceptable limits by the ADA and ISO. 

2- Composite composition is significantly 
influences its water sorption values of the 
tested composites. 

3- The polymeric matrix composition, filler 
particle type and content can influence 
sorption behavior of resin composites. 

4- Nanofilled composites being tested in this 
study exhibited comparable sorption values 
with other conventional composites except for 
Premise light-activated composite which 
exhibited higher values. 

5- Tetric Evo Ceram composite showed the 
lowest water sorption values followed by 
Herculite, P60, supreme XT, Z100, Z250 and 
Premise which exhibited the highest values. 
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