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Although scientific evidence has shown the effects of tobacco on changes 
in the color of composite resins, the association between tobacco exposure 
and the physical properties of composite resins has not been thoroughly 
investigated. The purpose of this study was to evaluate the effects of 
cigarette smoke products on water sorption and solubility of microfilled, 
microhybrid, and nanofilled composite resins (Durafill VS, Filtek Z250, and 
Filtek Z350 XT, respectively). Ten discs were prepared of each material 
and divided into 2 groups (n = 5), according to cigarette smoke exposure. 
Specimens were first desiccated until a constant mass was obtained (M1). 
Then half of the samples were immersed in deionized water while the other 
half were exposed daily to tobacco smoke, then washed and stored in de-
ionized water. After 21 days, the resin discs were measured (M2) and placed 
in desiccators until constant mass was achieved (M3). Water sorption and 

solubility were calculated and the data was statistically analyzed. Water 
sorption revealed significant differences among the composite resins. The 
Filtek Z350 XT exhibited the highest water sorption, followed by Durafill VS 
and Filtek Z250. Cigarette smoke significantly increased water sorption for 
all products, but only the solubility of Durafill VS showed a significant dif-
ference. Filtek Z250 demonstrated significantly lower solubility than Durafill 
VS, and Filtek Z350 XT had intermediate values. These results indicated 
that water sorption and solubility varied among the products, and tobacco 
smoke may alter the physical properties of resin-based materials.

Received: June 18, 2013
Accepted: September 25, 2013

Key words: cigarette smoke, solubility, water sorption, composite resin

Esthetics, color stability, and good 
physicomechanical performance are 
essential characteristics for a dental 

restorative composite.1,2 The clinical 
behavior of a composite resin is multifacto-
rial and has been associated with intrinsic 
characteristics such as organic composi-
tion, type of fillers, coupling agent used, 
conversion degree, surface roughness, water 
sorption, and solubility parameters.3-6 In 
addition, positive correlations between 
composite resin and extrinsic stains (such 
as coffee, tea, orange juice, carbonated 
drinks, and cigarette smoke) have recently 
been reported in the dental literature.1,2,7-9

According to Mackay, the use of 
tobacco is epidemic and expanding, 
and even though the harmful effects of 
tobacco have been well-documented, new 
risks continue to appear.10 In restorative 
dentistry, a new study by Huang et al 
suggested that smoking can increase the 
development of caries, and Takeuchi et 
al reported that byproducts of cigarette 
smoke were observed in composite resin 
and dental structures.11,12 Moreover, 
Almeida e Silva et al found that contami-
nation by cigarette smoke significantly 
decreased the bond strength between 
dentin and composite resin following 
exposure to 30 cigarettes a day for 17 
days.13 However, no association between 
the physical properties of composite resins 

and cigarette smoke—which may provide 
important implications for the clinical 
longevity of restorative materials—has 
been investigated until now.

The water sorption and solubility 
properties of resin-based materials have 
an appreciable effect on the durability of 
dental restoratives.2 In the oral environ-
ment, these materials may uptake water 
and suffer chemical degradation from 
components present in saliva, bever-
ages, and foods.14 These processes may 
promote a plasticizing effect on restor-
ative structures by releasing intrinsic 

components such as residual monomers 
and filler particles, negatively affecting 
the functional lifetime of restorations.15-17

Water sorption and solubility studies 
have been carried out after immersion in 
various solutions such as distilled/deion-
ized water, ethanol, and acidic drinks.2,16-19 
However, studies evaluating the effect of 
tobacco smoke on the water sorption/solu-
bility properties of restorative composite 
resin have not been reported. The objective 
of this study was to determine the water 
sorption and solubility characteristics of 
various types of restorative dental composite 
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Table 1. Specifications of the composite resins.

Composite resin 
(manufacturer) Resin type

Shade 
color 

Filler 
content 
(wt%) Filler type/size Organic matrix (lot number)

Filtek Z350 XT
(3M ESPE)

Nanofilled A3B 78.5 Zirconia/silica  
clusters 0.6-1.4 μm; 
silica 5-20nm

Bis-GMA, UDMA, Bis-EMA, 
TEGDMA,(202748, 182351, 
182963)

Filtek Z250
(3M ESPE)

Microhybrid A3 84.5 Zirconia/silica  
0.01-3.5 μm

Bis-GMA, UDMA, Bis-EMA, 
TEGDMA (75553BR, 41393BR)

Durafill VS 
(Heraeus Kulzer)

Microfilled A3 50.5 Prepolymerized  
silica 10-20 μm;  
sílica 0.02-2 μm

UDMA (010214, 010213)

Abbreviations: Bis-EMA, bisphenol A polyethylene glycol diether dimethacrylate; Bis-GMA, bisphenol A diglycidyl ether 
dimethacrylate; TEGDMA, triethylene glycol dimethacrylate, UDMA, diurethane dimethacrylate.



resins, and to evaluate the effect of cigarette 
smoke on these characteristics. The null 
hypotheses proposed were that among the 
composite resins tested there would be no 
differences in water sorption and solubility, 
and that cigarette smoke would have no 
significant effect on the water sorption/
solubility behavior of the resins.

Materials and methods 
Experimental design
The water sorption and solubility tests 
were performed according to ISO 4049-
2000 standard specification, except for 
cigarette smoke treatment and storage 
time. Three different dental composites—
Filtek Z350 XT (3M ESPE), Filtek Z250 
(3M ESPE) and Durafill VS (Heraeus 
Kulzer)—were used in this study. These 
composites were selected in accordance 
to the classification of dental composite 
resin based on filler particle size. The 
composition, classification, shade color, 
filler characteristics, and lot numbers of the 
composite resins are listed in Table 1.

Samples preparation
Ten disc-shaped specimens of each com-
posite resin were prepared (15 ± 0.1 mm 
diameter x 1 ± 0.1 mm depth), and a total 
of 30 discs were obtained (n = 5). The 
experimental groups were assigned accord-
ing to the composite resin and cigarette 
smoke treatments. The composite resin 
was inserted in the metal mold in a single 
increment and covered with a mylar strip 
and glass slide. Special care was taken to 
allow for extrusion of excess material and 
the prevention of air bubbles.

All specimens were irradiated with a 
light-emitting diode curing unit (Radii-cal, 
SDI [North America], Inc.) at an intensity 
of 1200 mW/cm2. The light curing was 
performed for 15 seconds on the middle of 
the sample through the mylar strip and addi-
tion polymerization was applied at 4 equally 
peripheral points on the circumference for 
10 seconds each, resulting in a total curing 
time of 55 seconds. The output irradiance 
was measured with a radiometer unit. 

Water sorption/solubility and 
smoke exposure
The polymerized discs were stored in a 
desiccator filled with anhydrous calcium 
sulphate (CaSO4) at 37° C for 24 hours. 
Their masses were measured using an elec-
tronic balance with 1.0 mg precision (AUD 
220D, Shimadzu Corp). This cycle was 
repeated until a constant mass was obtained 
(M1, when the mass loss of each specimen 
was ≤0.1 mg within a period of 24 h). To 
calculate the volume (V) of each specimen 
(mm3), the diameter and thickness was indi-
vidually measured using a digital electronic 
caliper (Mitutoyo American Corporation), 
rounded to the nearest 0.01 mm.

After M1 was achieved, each composite 
resin group of 10 discs was divided into 
2 subgroups. One set of specimens were 
placed in deionized water (control group) 
and the other set was submitted to ciga-
rette smoke treatment (10 cigarettes for 
an 8 minute period/twice a day/21 days) 
in a smoking machine designed accord-
ing to previous studies.7-9 Lit cigarettes 
(Hollywood Original Blend, Souza Cruz) 
which contained an elevated amount of tar 

(10 mg), were placed in the first clamber 
of the smoking machine, receiving external 
ventilation from an air pump. The appa-
ratus was hermetically sealed but had a 
special orifice to release the smoke/air stream 
from the first chamber through a tar filter 
barrier to a second chamber that contained 
the dry resin composite specimens. Using 
this mechanism, composite resin speci-
mens were in contact with pigments and 
components of the cigarette smoke during 
the experiment. After each cycle of smoke 
exposure, specimens were washed and stored 
in deionized water. The deionized water was 
renewed daily for all groups.

After 21 days, specimens were gently 
wiped free of excess water with absorbent 
paper and weighed (M2).The specimens 
were dried in the same manner as previously 
described until a constant mass was achieved 
(M3). The values for water sorption (WS) 
and solubility (SL) were calculated as:

WS = (M2–M3)/V
SL = (M1–M3)/V

M1 is the initial dry constant mass (µg) 
prior to immersion in water, M2 is the 
mass of the specimen (µg) after immersion 
in deionized water or submitted to ciga-
rette smoke simulation, M3 is the mass of 
the reconditioned specimen (µg), and V is 
the specimen volume in mm3.

Statistical analysis
Water sorption and solubility release were 
expressed in µg/mm3. The data of the 
water sorption behavior were compared 
by 2-way ANOVA and Tukey tests. The 
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Table 2. Mean (±SD) of water sorption (μg/mm3) of the 
composite resins after immersion in either deionized 
water or cigarette smoke during 21 days.

Composite resin

Water sorption

Water (control group) Cigarette smoke Tukey

Filtek Z350 XT 17.30 (0.14) 18.24 (0.44) A

Filtek Z250 11.42 (0.80) 13.06 (0.52) C

Durafill VS 14.24 (0.45) 16.01 (0.56) B

Tukey b a

Means followed by distinct letters represent statistically significant differences (2-way 
ANOVA and Tukey, α = 5%). Lower-case letters compare treatments.

Table 3. Median levels of solubility (μg/mm3) of composite 
resins after immersion in deionized water or exposure to 
cigarette smoke during 21 days.

Solubility

Composite resin Water (control) Cigarette smoke 

Filtek Z350 XT -2.45ABa -2.29ABa

Filtek Z250 -3.21Ba -4.22Ba

Durafill VS 6.21Aa 4.86Ab

Means followed by distinct letters represent statistically significant differences (Kruskal-
Wallis and Mann-Whitney U test, P < 0.05). Upper-case letters compare composite resin, 
lower-case letters compare treatments.



nonparametric solubility values were 
analyzed by Kruskal-Wallis and Mann-
Whitney U tests. The analysis of variance 
was determined via the SAS 9.1 statistical 
package (SAS Institute). The nonparamet-
ric analysis was performed via Bioestat 5.0 
software (The Mamiraua Institute), both 
with a 95% confidence level.

Results
The mean values and standard deviations 
of water sorption and median levels of sol-
ubility behavior are summarized in Tables 2 
and 3, respectively. According to the statis-
tical analysis of water sorption, significant 
statistical differences were observed among 
composite resins, regardless of the experi-
mental condition (P < 0.001). However, no 
significant interactions between the main 
factors (composite resin and experimental 
condition) were observed (P = 0.22). The 
composite resin Filtek Z350 XT showed 
the highest water sorption values, followed 
by Durafill VS and Filtek Z250. In addi-
tion, cigarette smoke significantly increased 
the water sorption independent of the 
composite resin (P < 0.001).

For solubility analysis, there were sta-
tistically significant differences among 
composite resins in the control groups 
and in the experimental groups exposed to 
cigarette smoke (P = 0.005 and P = 0.002, 
respectively). The Durafill VS microfilled 
composite showed higher solubility values 
than Filtek Z250 in both conditions, 
whereas the resin, Filtek Z350 XT, exhib-
ited intermediate values. When comparing 
the effect of treatments, only the solubility 
value of Durafill VS composite showed 
a significant difference after exposure to 
cigarette smoke (P < 0.05). 

Discussion
Differences in water sorption and solubil-
ity among restorative dental composites 
may be due to the fillers or the organic 
matrix content of each material. The 
molecular mobility during the polymer 
formation and the presence of hydrophilic 
groups may determine the properties of 
resin-based materials.6,20,21 The hydrophilic 
character of these monomers tends to facil-
itate the water uptake into polymer matrix 
and the difference in their water sorption 
was related. Triethylene glycol dimethacry-
late (TEGDMA) was considered the most 
hydrophilic monomer (69.51 µg/mm3), 

followed by bisphenol A glycidyl meth-
acrylate (Bis-GMA, 33.49 µg/mm3), 
urethane dimethacrylate (UDMA, 29.46 
µg/mm3), and ethoxylated bisphenol-
A-dimethacrylate (Bis-EMA, 20.10 µg/
mm3).6 Moreover, different monomers 
can be combined and may result in better 
mechanical performance.21

In both experimental conditions ana-
lyzed in this study, the microfill composite 
(Durafill VS) showed an intermediate 
mean value of water sorption. This could 
be attributed to the UDMA monomer, 
which may hinder the water uptake in the 
polymers chains.2 In contrast, Filtek Z350 
XT and Filtek Z250 exhibited significant 
differences in water sorption patterns 
despite sharing similar monomers. Thus, 
the differences in water sorption may also 
be affected by concentration, type, size, 
and distribution of filler particle in the 
polymer matrix and silane content.2-4,22

Filtek Z350 XT contains nanometric 
filler particles arranged in clusters (known 
as nanoclusters).3,23 According to Rastelli et 
al, the nanoclusters were similar in size to 
the individual filler particles contained in 
the microhybrid composite Filtek Z250.4 
However, these clusters of nanofillers 
increase the area of surface exposed to 
water, especially in the interface between 
the filler particles and the organic matrix, 
which supplies a route for diffusion of 
water molecules into the polymer.2,20 

Lower filler content may increase the 
available free volume for water uptake and 
provide a higher water sorption in reduced 
time, whereas large filler loads exhibit 
smaller external contact area to volume 
ratios, restricting the amount of water at the 
filler-matrix interface.2 Thus, it is speculated 
that the lower filler percentage (50.5 wt%) 
of Durafill VS and the smaller filler size 
(0.6-1.4 µm) of Filtek Z350 XT may affect 
water sorption behavior. Additionally, water 
sorption values obtained in this study for 
Filtek Z350 XT and Durafill VS when 
stored in water (17.30 and 14.24 µg/mm3, 
respectively), were in agreement with find-
ings reported by Rahim et al (16.13 and 
14.24 µg/mm3, respectively).2

Unpolymerized monomers and filler 
particles can leach out of polymers when 
immersed in water, saliva, and acidic 
beverages, promoting polymer degradation 
and reducing the lifetime of dental restora-
tions.14-17 The resistance to dissolution has 

been considered an important property 
of resin-based materials, and studies 
have revealed that solubility behavior is 
significantly influenced by the degree of 
monomer conversion.24 Thus, higher levels 
of monomer conversion have been associ-
ated with lower mean solubility values.6,24 
In the present study, Durafill VS demon-
strated the highest solubility behavior. This 
composite contains UDMA monomers 
of high molecular weight, along with 2 
amino groups (-NH), which form inter-
molecular hydrogen bonds, thus increasing 
the monomer viscosity.24 Although the 
elevated viscosity of monomers may reduce 
molecular mobility, high UDMA mono-
mer conversions (69.6% and 63.52%) 
were obtained in other studies.4,6

In contrast, Filtek Z250 showed an 
approximate 70% to 71% degree of con-
version.25 Pfeifer et al reported good results 
when different monomers were mixed, 
especially composites formulated with 
Bis-GMA/TEGDMA/UDMA.21 These 
combinations are present in Filtek Z350 
XT and Filtek Z250 and may contribute 
to the lower solubility of these compounds 
compared to Durafill VS. In addition, the 
negative solubility values observed for the 
nanofilled and microhybrid composites 
could be due to the fact that their water 
uptake was higher than their solubility.17,19 
Although the ISO 4049-2000 standard 
specification for water sorption and solubil-
ity tests was followed, the authors believe 
that longer storage of specimens in the dis-
sector may result in positive values for all 
composites tested. Thus, the first hypothe-
sis tested in which there were no significant 
differences in water sorption and solubility 
among dental composites was rejected.

In an attempt to evaluate the effect of 
cigarette smoke during water sorption 
and solubility, the composite resins were 
exposed to cigarette smoke during the 
stored phases (10 cigarettes for an 8 minute 
period/twice a day/21 days). Similar regi-
mens were used in previous studies that 
evaluated the effect of cigarette exposure 
on the color of composite resins.7-9 In these 
studies, the cigarette smoke promoted an 
irreversible change in color of the compos-
ite resins, despite repolishing attempts.7 In 
addition, chemical elements from cigarette 
smoke, such as cadmium, arsenic, and lead 
have been observed in the composite resins 
after microanalytic study.12
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In this study, water sorption was sig-
nificantly increased for all the composites 
after cigarette smoke exposure. The 
solubilities of Filtek Z350 XT and Filtek 
Z250 did not show significant differ-
ences between experimental conditions. 
However, Durafill VS revealed a lower 
solubility when exposed to cigarette 
smoke (~22%). Therefore, the second null 
hypothesis was not accepted.

The authors of this study speculate that 
cigarette smoke products can permeate 
into the composite resin and promote 
physicochemical alterations in their struc-
ture. After cigarette smoking simulation, 
tar particles were visible on the composite 
resin. Durafill VS showed higher staining 
than microhybrid and nanocomposite 
composites, and exhibited a significant 
solubility decrease when compared to 
the control group. It is theorized that tar 
particles impregnated in the resin matrix 
can affect the release of intrinsic resin 
components, such as residual monomers 
and filler particles, thus reducing the solu-
bility, especially for microfilled compos-
ites. To the authors’ knowledge, this is the 
first study that analyzed the water sorp-
tion/solubility of composite resins after 
cigarette smoke exposure. Further studies 
are needed to investigate the interactions 
between cigarette smoke compounds and 
resin-based materials, as well as the effects 
on the physicomechanical properties of 
the composites.

Conclusion
Water sorption and solubility behavior are 
material-dependent. In the experimental 
conditions analyzed in this study, ciga-
rette smoke affected the water sorption 
and solubility of the dental composites, 
which can lead to greater polymer degra-
dation and possibly reduce the durability 
of restorative procedures.
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