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Abstract 
Background: Silver has a long history of use in medicine as an antimicrobial and anti-inflammatory agent. Silver 
nanoparticles (NAg) offer the possibility to control the formation oral biofilms through the use of nanoparticles 
with biocidal, anti-adhesive, and delivery abilities. This study aims to evaluate the antibacterial effect of resin luting 
cements with and without NAg, and their influence on color, sorption and solubility. 
Material and methods: NAg were incorporated to two dual-cured resin cements (RelyX ARC (RA) color A1 and 
RelyX U200 (RU) color A2) in two concentrations (0.05% and 0.07%, in weight), obtaining six experimental 
groups. Disc specimens (1x6mm) were obtained to verify the antibacterial effect against Streptococcus mutans in 
BHI broth after immersion for 1min, 5min, 1h, 6h, and 24h (n=3), through optical density readings. Specimens 
were evaluated for color changes after addition of NAg with a spectrophotometer (n=10). Sorption and solubi-
lity tests were also performed, considering storage in water or 75% ethanol for 28 days (n=5), according to ISO 
4049:2010. Data were subjected to statistical analysis with ANOVA and Tukey (p=0.05). 
Results: The optical density of the culture broths indicated bacterial growth, with and without NAg. NAg produced 
significant color change on the resin cements, especially in RA. Solubility values were very low for all groups, whi-
le sorption values raised with NAg. The cements with NAg did not show antibacterial activity against S. mutans. 
They also showed perceptible color change and higher sorption than the materials without NAg. 
Conclusions: The resin luting cements with NAg addition did not show antibacterial activity against S. mutans. 
They also showed perceptible color change and higher sorption than the materials without NAg.
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Introduction
Dental caries has been a serious health problem for cen-
turies. The disease initiation and development involves 
acidogenic bacteria, including Streptococcus mutans, 
Streptococcus sobrinus, and Lactobacillus spp (1,2). 
Although the prevalence of primary caries has been on 
decline worldwide since early 1980s, secondary caries 
remains an unresolved problem in Dentistry (3). The use 
of antimicrobial agents should ideally prevent biofilm 
formation without markedly affecting the biological 
equilibrium within the oral cavity (1,4).
When applying indirect restorations, bacteria may still 
be present under the restoration when the tissue affected 
by caries is not fully removed or if there is microleakage 
present after cementing (5). This may cause an increa-
se of bacterial colonies, especially S. mutans, under the 
restoration inducing secondary caries and particularly 
reducing its longevity (2,5). Thus, the effects of luting 
cements with anticariogenic properties on oral microor-
ganisms have to be considered.
Silver has a long history of use in medicine as an antimi-
crobial and anti-inflammatory agent (2,6-9). It has been 
incorporated to several materials in Medicine and Dentis-
try in different forms: silver zeolites, ions, microparticles, 
and nanoparticles (3,9,10). Silver nanoparticles (NAg) 
are clusters of silver atoms that are insoluble and smaller 
than 100 nm in size (11-13). Their size is an important 
characteristic because smaller particles give rise to higher 
specific surface areas, and therefore reduce the particle 
concentration necessary for efficacy (11,14). NAg offers 
the possibility to control the formation of these and other 
oral biofilms through the use of nanoparticles with bioci-
dal, anti-adhesive, and delivery abilities (1).
However, the addition of a material as NAg in dental 
composites has to be done in the lowest concentration 
of nanoparticles capable of maintaining sufficient an-
tibacterial effect without adversely affecting other ma-
terial properties, like color and mechanical properties 
(11,14,15). In spite of the importance of esthetic for 
todays Dentistry, there are few reports in the literature 
of the color changes caused by silver addition in dental 
materials (15-17). Fan et al. (15) reported that when de-
veloping an antimicrobial light-cured resin, as the con-

centration of NAg increased the degree of cure decrea-
sed. When composites are immersed in water, a rapid 
elution of the unreacted monomers takes place and si-
multaneously water is absorbed by the resin, occupying 
the holes left by the monomers and affecting adversely 
their mechanical properties (15). Therefore, the water 
sorption and solubility behavior of resin luting cements 
added by NAg is very important from the clinical point 
of view.
The resin luting cements are dual-cured materials, indi-
cated for cementation of ceramic or porcelain restora-
tions of considerable thicknesses, like crowns, onlays, 
inlays, and bridges, and widely applied in Dentistry 
(18). Considering the importance of the resin luting ce-
ments antibacterial activity for the indirect restorations 
longevity, this study aimed to evaluate the antibacterial 
effect of resin luting cements with NAg addition, and 
their influence on color, sorption and solubility. The null 
hypotheses were: [1] there is no difference in antibac-
terial effect of resin luting cements with or without the 
addition of NAg [2] there is no difference in the color 
obtained in luting cements added or not with NAg; [3] 
there is no difference in solubility for resin luting ce-
ments with or without NAg addition, and [4] there is no 
difference in sorption between luting cements with and 
without NAg.

Material and Methods
Two dual-cured resin luting cements were tested in this 
study: one conventional (RelyX ARC, 3M ESPE, St. 
Paul, USA; color A1), one self-adhesive (RelyX U200, 
3M ESPE, St. Paul, MN, USA; color A2) (Table 1). 
Each material had NAg incorporated during manipula-
tion. The materials were handled according to the gui-
delines of ISO 4049:2010 (19), in regards to specimens 
preparation.
-Silver nanoparticles production and test
The NAg were prepared in the Physics Institute of Fe-
deral University of Goiás (UFG), by reduction of silver 
nitrate (0.001 M) (Sigma-Aldrich, St. Louis, MO, USA) 
with sodium borohydride (0.002 M) (Sigma-Aldrich, 
St. Louis, MO, USA) in controlled low temperature and 
magnetic stirrer (TE 080, Techal, São José dos Campos, 

Material Manufacturer Composition 
RelyX ARC 3M ESPE, St. Paul, 

MN, USA 
Bis-GMA, TEGDMA, zirconia/silica 

filler (67.5%), amine pigments, 
photoinitiador, benzoyl peroxide 

RelyX U200 Methacrylate monomers containing 
phosphoric acid groups, methacrylate, 
silanated and alkaline (basic) fillers, 

initiator components, stabilizers, 
pigments, rheological additives 

Table 1. Resin cements used in this study and their composition.
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SP, Brazil). This method can be described by the reac-
tion, (Fig. 1): 

AgNO3 + NaBH4  Ag + ½ H2 +1/2 B2H6 + NaNO3
Fig. 1. Reaction

The solution obtained was added with 3 mL of a 0.75 
M sodium chloride solution (Sigma-Aldrich, St. Louis, 
USA), then it went through a centrifugation process 
(Elektra, Laborline, Osasco, SP, Brazil) for 3000 rpm 
for 5 minutes, until the NAg was in the bottom of the 
flask. The water was removed and 1.5 mL of hydroxy-
ethyl methacrylate (HEMA, Sigma-Aldrich, St. Louis, 
MO, USA) was added to the flask. This process was re-
peated twice to obtain a HEMA-NAg solution of 0.18% 
and three times to obtain a solution of 0.27% in NAg 
concentration. The final solutions were shaken in an ul-
trasonic apparatus (USC-2800, Unique, Indaiatuba, SP, 
Brazil) for 3 cycles of 10 minutes for complete disper-
sion of the metal in the material.
To confirm the antibacterial effect of this HEMA-NAg so-
lution the Agar Diffusion Test was performed. Three Petri 
plates with 20 mL of Brain Heart Infusion (BHI, Difco 
Laboratories, Detroit, MI, USA) were inoculated with 0.1 
mL of S. mutans (ATCC 25175). Three solutions were tes-
ted: HEMA without NAg, HEMA-NAg 0.18% and HE-
MA-NAg 0.27% in weight, with three sterile paper discs 
placed over the agar. The plates were incubated at 37oC 
for 48 h, after that the presence or absence of bacterial in-
hibition halos were observed. Halos were identified for all 
three solutions tested, being more evident for the groups 
with NAg added, confirming the inhibition of bacterial 
grow; while only a diffusion halo was observed for the 
HEMA without Nag solution, not representing inhibition.
-Specimens preparation
This study was performed in compliance with ISO 
4049:2010 (19) standard specifications. Resin luting ce-
ments that belonged to the groups without NAg were 
manipulated according to manufacturer’s specifications 
(for at least 20 s), placed in a circle shaped stainless steel 
mold (1.0 mm thick, 6.0 mm diameter), and confined 
between two opposing polyester strips (3M ESPE, St. 
Paul, MN, USA). The ones with NAg addition had 10 
μl of HEMA-NAg solution added prior to manipulation, 
and were then manipulated and placed in the same mold. 
All specimens were cured using a light-curing unit ba-
sed on light emitting diodes (LED) (Emitter, Schuster, 
Santa Maria, Brazil) with continuous polymerization te-
chnique (600 mW/cm2, for 60 s). Light irradiance was 
checked before each photocure with a radiometer (Kerr 
Corporation, Orange, USA) to ensure consistency of 
light output. 
The cements were divided in three groups each, a to-
tal of 6 groups: G1- RelyX ARC, G2- RelyX ARC with 
0.05% (in weight) of NAg, G3- RelyX ARC with 0.07% 
NAg, G4- RelyX U200, G5- RelyX U200 with 0.05% 
NAg, and G6- RelyX U200 with 0.07% NAg.

-Antibacterial test
Standard strain of Streptococcus mutans (ATCC 25175) 
was obtained from American Type Culture Collection. 
The strain was inoculated into 7 mL of BHI broth (Di-
fco Laboratories, Detroit, MI, USA) and incubated at 
37˚C for 24 h. After the incubation period, the bacterial 
cells were resuspended in four test-tubes with 10 mL 
of BHI broth in a final concentration of approximately 
3x108cells/ml in each tube in accordance to the turbidity 
standard 1 of McFarland scale.
One hundred and eight (108) specimens were used to the 
antibacterial test, based on previous studies. The speci-
mens belonging to each group were stored in a Petri dish 
appropriately identified. Three specimens of each group 
were kept without contamination with the bacteria, the 
negative control. A quantity of 10 mL of bacterial sus-
pension was added to each dish for contamination of the 
different groups specimens with S. mutans. Contamina-
tion was carried out at different time periods for each 
group: 1 min, 5 min, 1 h, 6 h, and 24 h (n = 3). Then, the 
specimens were placed in test tubes with 10 mL of deio-
nized sterile water for washing with vortexing (Model 
AP 56, Phoenix, Araraquara, SP, Brazil) for 1 minute. 
In sequence, they were reconditioned to test tubes with 
sterile BHI broth and incubated for 48 hours at 37oC un-
der 5% CO2 in a bacteriological incubator (model B2C-
BE, Deleo, Porto Alegre, RS, Brazil). After that, 2 mL 
of broth sample were collected from each tube and their 
optical density (turbidity) were read by UV spectropho-
tometer (UV Spectrophotometer Model 1600 New, Pira-
cicaba, SP, Brazil) at λ = 600 nm, adopting as a standard 
the level 1 of McFarland scale, which corresponded to 
the absorbance of 0.137 nm after reset the device for 
BHI sterilized reading. 
-Evaluation of color changes
Sixty specimens were used to evaluate the color change, 
being n=10 for each group, the same specimens used in 
the sorption and solubility tests. The measurement of the 
color of the specimens was performed with an Easysha-
de spectrophotometer (Vita, Bad Säckingen, Germany). 
For each specimen three readings were made using 
the parameters CIELab system (L* indicates lightness, 
a* represents the color saturation in red-green axis b* 
means color and saturation in blue-yellow axis). The 
reading for the determination of color parameters was 
always performed at the central point of the specimen in 
the same environment with the same lighting conditions, 
against a standard white background (Standard for 45o, 
0o Reflectance and Color Garder Laboratory Inc., An-
napolis, MD, USA).
The influence of NAg in color was directly expressed by 
ΔE* values that indicate the color difference between an 
initial condition collected on G1 and G4 specimens, and 
the other evaluated condition collected on G2 and G5 
(ΔE1*) and also in G3 and G6 (ΔE2*) specimens, res-
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pectively. The ΔE* represents the total color change and 
was calculated from the formula: (Fig. 2).
ΔE*=[(ΔL*)2+(Δa*)2+(Δb*)2]0.5; where ΔL*=L1* - L0*; 
Δa*=a1* - a0*; Δb*=b1* - b0*. 
Fig. 2. Formula.

-Sorption and solubility test
This test was done in compliance with ISO 4049:2010. 
(19) Sixty specimens, according to the ISO standard, 
were placed in opened glass bottles (Saint Gabain, São 
Paulo, SP, Brazil) and stored in a desiccator (Vidrolabor, 
São Paulo, SP, Brazil) containing freshly dried blue sili-
ca (Vetec, Rio de Janeiro, RJ, Brazil) in a model 002 CB 
oven (Fanem LTDA- modelo 002 CB, Guarulhos, SP, 
Brazil) at 37±1ºC for 22 hours. They were then removed, 
maintained at 23±1ºC for two hours, and then weighed 
in an analytical balance (Marte AY 220, Santa Rita do 
Sapucaí, MG, Brazil) accurate to 0.0001 g, and returned 
to the desiccator. The complete cycle was repeated until 
a constant mass (M1) was obtained, i.e., until the mass 
loss for each specimen was no more than 0.1 mg per 24 
h cycle. Thereafter, the specimens were carefully placed 
back in their labeled bottles, and 15 mL of permeants, 
either deionized water or 75% ethanol, were added using 
manual pipettes (one for each permeant). The bottles 
were capped, brought back into the oven and kept at a 
temperature of 37ºC±1ºC for twenty-eight days.
After this time period, all the bottles were removed 
from the oven and kept at room temperature (23ºC±1ºC) 
for two hours. The specimens were removed from the 
bottles, washed in tap water for 15 seconds and left in a 
sterile bucket (Duflex, Rio de Janeiro, RJ, Brazil) for 1 
minute. They were then weighed again to obtain M2. Af-
ter weighting, the specimens were reconditioned in the 

desiccators until they reached a constant weight (M3) 
using the cycle described for M1. 
The values for water sorption (Wsp) and solubility 
(Wsl) in micrograms per cubic millimeter were calcu-
lated using the following equations: Wsp=(M2-M3)/V; 
Ws1=(M1-M3)/V; V= πr2.h. Where: V is the volume, r 
is the radius, and h is the height. These measurements 
were obtained using a digital electronic caliper (Mitu-
toyo America, Tokyo, Japan), measuring the thickness 
of each specimen at four points and at its center, and the 
diameter in two points.
-Statistical analysis
Results obtained for all tests were described by mean 
and standard deviation. Due to the normal distribution of 
the variables (Kolmogorov-Smirnov and Shapiro-Wilk), 
ANOVA was performed to verify the effect of the diffe-
rent variables and Tukey test for multiple comparisons. 
Statistical analysis was carried out in software IBM 
SPSS Statistics 19.0 for Windows (SPSS Inc., Chicago, 
IL, USA), with a significance of 5% (p<0.05).

Results
The results obtained for the optical density test are 
shown in table 2. Besides the control groups, that did 
not have contact with the bacteria, all groups showed op-
tical density values greater than 0.137nm (standard 1 of 
McFarland scale). There were no statistically significant 
differences between the cements at different periods of 
contamination (p>0.05), except for G2 and G3 in 6h 
period. These groups showed statistically significant di-
fferences (p<0.05) between each other, being the 0.05% 
concentration the highest value. 
The results obtained for the color evaluation are presen-

Groups Times
control 1min 5min 1h 6h 24h

G1 0.000 A,a 0.886 
(0.054) B,a

0.956 
(0.211) B,a

0.831 
(0.018) B,a

0.949 (0.056) 

B,a,b
1.058 

(0.052) B,a

G2 0.000 A,a 0.847 
(0.031) B,a

0.925 
(0.042) B,a

0.951 
(0.047) B,a

1.032 (0.054) 

B,a
0.977 

(0.101) B,a

G3 0.000 A,a 0.859 
(0.092) B,a

0.898 
(0.053) B,a

0.884 
(0.080) B,a

0.582 (0.407) 

B,b
0.944 

(0.127) B,a

G4 0.000 A,a 0.811 
(0.049) B,a

0.982 
(0.256) B,a

0.717 (0.182) 

B,a
0.892 (0.082) 

B,,a,b
0.955 

(0.052) B,a

G5 0.000 A,a 0.736 
(0.251) B,a

0.881 
(0.013) B,a

0.855 
(0.044) B,a

0.981 (0.070) 

B,a,b
1.062 

(0.067) B,a

G6 0.000 A,a 0.731 (0.183) 

B,a
0.852 

(0.128) B,a
0.772 

(0.180) B,a
0.897 (0.023) 

B,a,b
1.076 

(0.335) B,a

Table 2. Values of mean and standard deviation (SD) for the optical density of the specimens culture broths contami-
nated, in nm.

Values followed by the same uppercase letters (A,B) denote no statistical significant difference (p>0.05) among columns 
(different storage times).
Values followed by the same lowercase letters (a,b) denote no statistical significant difference (p>0.05) among lines (dif-
ferent silver concentrations and cements).
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ted in table 3. After adding silver nanoparticles in their 
composition, both cements exhibited significant color 
changes. For the L* value, test groups showed statistical 
significant difference (p<0.05) from the control group. 
The a* value did not show significant difference bet-
ween G1 and G2 (p>0.05), but were significant lower 
than G3 (p<0.05); G4, G5 and G6 showed significant 
changes in a* value (p<0.05), being G6 the highest. For 
b* there were significant differences between G1, G2 
and G3 (p<0.05), and there was no difference between 
G4 and G6 (p>0.05), although they showed significant 
differences from G5 (p<0.05). Considering the color 
change (ΔE), the values observed for RelyX ARC were 
significantly higher (p<0.05), when compared to U200 
with the same NAg content. 
The results obtained for solubility and sorption are pre-
sented in tables 4 and 5, respectively. No statistical sig-
nificant differences were observed for solubility among 
all the groups stored in water, independent of cement 

or NAg content (p>0.05). For the ones stored in etha-
nol, G5 was statistically different from the other groups 
(p<0.05), except from G6 (p>0.05). Among all other 
ethanol groups there were no significant statistical di-
fferences (p>0.05). Considering the solvents, no statis-
tical difference was observed between specimens stored 
in water or ethanol (p>0.05), but for groups G5 and G6 
(p<0.05) where ethanol storage led to higher solubility. 
For sorption in water, both control groups showed no 
statistical difference between each other (p>0.05), but 
were statistically different from all the other groups 
tested for the same cement (p<0.05), except for G4 and 
G6, that showed no statistical difference (p>0.05). There 
were no statistical difference also between G2 and G3; 
also for G5 and G6 in water (p<0.05). For the ethanol 
groups, the two control groups also showed no statistical 
difference from each other (p>0.05), but were statisti-
cally different from all the other groups tested for the 
same cement (p<0.05). G1 and G3 showed statistical 

Groups CIELab System 

L a b ΔE1 ΔE2

G1 100.00 (0.00)A 0.25 (0.53)A 19.50 (1.57)A 12.91 (5.48)A.B 26.64 (2.71)C

G2 90.66 (4.19)B -0.53 (0.95)A 28.06 (3.49)B

G3 76.47 (2.69)D 2.14 (0.65)C 31.63 (1.56)C

G4 100.00 (0.00)A -2.10 (0.54)B 25.26 (2.20)B 8.33 (3.09)A 17.33 (3.83) B

G5 93.24 (2.26)B -0.30 (0.59)A 21.14 (2.67)A

G6 83.46 (3.98)C 1.74 (0.81)C 27.00 (2.17)B

Table 3. Values of mean and standard deviation (SD) for L*, a* and b* measured for each group and values of ΔE* 
calculated.

Values of L, a and b followed by the same uppercase letters (A-D) denote no statistical significant difference (p>0.05) 
among lines (different silver concentrations and cements).
Values of ΔE followed by the same uppercase letters (A-C) denote no statistical significant difference (p>0.05) among 
lines and columns (between cements and the different ΔE).

Groups Solvents

Water 75% Ethanol
G1 4.75 (6.10)A,a -6.56 (4.46)A,a

G2 0.78 (5.10)A,a -3.85 (9.18)A,a

G3 3.12 (4.82)A,a -11.15 (6.85)A,a

G4 -7.21 (2.41)A,a -6.36 (5.97)A,a

G5 2.12 (8.92)A,a -30.62 (9.45)B,b

G6 -7.44 (3.10)A,a -18.70 (10.23)B,a,b

Table 4. Values of mean and standard deviation (SD) for solubility 
found for the different cements and silver concentrations tested, 
in µg ∕ mm3.

Values followed by the same uppercase letters (A,B) denote no 
statistical significant difference (p>0.05) among columns (differ-
ent solvents).
Values followed by the same lowercase letters (a,b) denote no 
statistical significant difference (p>0.05) among lines (different 
silver concentrations and cements).

Groups Solvents

Water 75% Ethanol 
G1 14.78 (6.89)A,a 31.46 (6.69)A,a,b

G2 47.43 (11.46)A,b,c 86.37 (9.66)B,d

G3 54.05 (10.56)A,b 68.46 (9.26)A,c,d

G4 28.17 (9.10)A,a,c 20.27 (11.56)A,a

G5 67.81 (20.93)A,b 46.05 (10.64)A,b,c

G6 49.75 (5.06)A,b,c 28.55 (8.13)A,b

Table 5. Values of mean and standard deviation (SD) for sorption 
found for the different cements and silver concentrations tested, in 
µg ∕ mm3.

Values followed by the same uppercase letters (A,B) denote no sta-
tistical significant difference (p>0.05) among columns (different 
solvents).
Values followed by the same lowercase letters (a-d) denote no sta-
tistical significant difference (p>0.05) among lines (different silver 
concentrations and cements).
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significant differences (p<0.05), while G2 was similar 
only to G3 (p>0.05). G5 and G6 showed no significant 
difference between each other (p>0.05). Considering the 
solvents, there were no statistical significant differences 
between the groups stored in water and the ones in etha-
nol (p>0.05) but for G2, where ethanol storage led to 
higher sorption values (p<0.05).

Discussion
NAg application in Medicine and Dentistry has been en-
couraged by the broad-spectrum antimicrobial effect in 
low concentrations, and the ability to not cause resistant 
bacterial strains to develop (1,11,13,15,16). The bacteri-
cidal mechanism of silver is only partially understood. 
One of the mechanisms is based on oxygen changing 
into active oxygen (ROS and hydroxyl radicals), and it 
causes structural damage in the bacteria (6,10,20). Other 
explanation is based on the release of silver ions that are 
biologically active and can interact with proteins, amino 
acid residues, enzymes, free anions, and receptors in the 
cell membranes; all these damage may cause the DNA to 
lose its ability to replicate (7-10). Other possible expla-
nation that is being reported by recent studies is the di-
rect contact of the particles with the cell wall, releasing 
silver ions in a very high concentration in a small area, 
killing the cell (6,20,21). This is important to explain the 
antibacterial activity of NAg entrapped in resin mate-
rials, as bone cement, denture basis and also composite 
materials for Dentistry, as resin luting cements.
The antimicrobial effect of silver against S. mutans has 
already been reported in literature (2-4,11,21). The HE-
MA-NAg, according to the Agar Diffusion Test, showed 
bactericidal effect on the target S. mutans, inhibiting 
bacterial growth. However the NAg incorporated to the 
resin cements did not present antibacterial effect against 
S. mutans, as bacterial growth was observed in all groups 
but the negative control, where no bacteria were seeded. 
According to Monteiro et al. (13) silver nanoparticles 
can have a limited use as biocidal materials in liquid 
systems because of their low colloidal stability, which 
is the situation observed in dentistry: silver has to be re-
leased from the restorative material and reach bacteria 
in liquid medium (saliva). Other authors have reported 
antibacterial effect of silver in very low concentrations, 
(2,10,11) however it is dependent on the surface energy: 
the lower the size of the particle the higher antibacterial 
effect it presents. With smaller particles is possible to 
have antibacterial effect in low concentrations, but the 
dispersion of silver in other materials is challenging, 
as NAg present a high propensity for aggregation, lea-
ding to lower surface energy and consequently, lower 
antibacterial effect (11). Thus, the low concentration of 
silver in the resin cement specimens (0.05%-0.07%), 
used in the present study, considering the whole volume 
of culture broth, may explain that finding. Also, as the 

NAg were trapped in the specimens resin, making the 
direct contact of silver with the bacteria minimal, also 
after polymerization probably few particles were eluted 
from the discs, leading to no or very small antibacterial 
effect. Considering this discussion, the first null hypo-
thesis cannot be accepted.
One probable disadvantage for the use of silver in Den-
tistry that has been reported is the color, because of 
oxidation reaction (2,6,15-17,18,22). Cheng et al. (16) 
found that a dental composite with a mass fraction of 
silver higher than 0.042% showed a brownish color and 
lower mechanical strength. Nam et al. (20) reported 
color changes of denture base materials ranging from 
ΔE=15.6 to ΔE=28.6, which were considered unaccep-
table. Zhang et al. (22) found that adhesives added of 
0.05-0.15% of silver showed no color change. ΔE values 
≥ 3.3 are considered noticeable by a non-trained person 
and because of that, clinically unacceptable (23). In this 
study, significant color changes were found between the 
cements without NAg and the ones with NAg, especially 
for RelyX ARC, being the ΔE1 found for RelyX ARC 
(12.91) similar to the ΔE2 calculated for RelyX U200 
(17.33). That was probably more evident for the first be-
cause its color was A1, while the RelyX U200 was A2. 
The cements were used in different colors because they 
do not have a match color between each other, but that 
allowed the observation that the lighter the resin cement 
color the higher probability of noticeable color change 
to occur. This finding leads to rejecting the second null 
hypothesis but it does not inhibit the use of NAg in these 
cements due to its applications, as most of the crowns, 
onlays, inlays, and bridges are not highly influenced by 
the background or cement color. 
It is known that inadequate polymerization is usually 
associated with poor mechanical and biological proper-
ties because the unreacted monomers and fillers can be 
released by the resin based-materials in the aqueous en-
vironment, resulting in deterioration of the mechanical 
properties (24). A few studies have been made evalua-
ting the influence of NAg addition in the polymerization 
process (8,15,25). Based on previous studies, Durner et 
al. (8) suggested that NAg can influence the amount of 
elutable substances from light hardened composite spe-
cimens, as the NAg interact even in low concentrations 
with the polymerization process through interaction 
with the light from the curing lamp and the photoini-
tiator system. Fan et al. (15) reported that NAg might 
form agglomerates around the polymer, preventing the 
cross-linking formation. The phenomena of sorption and 
solubility are closely related to the polymerization quali-
ty (26). In this study sorption and solubility were clearly 
influenced by NAg addition and concentration.
The third null hypothesis was accepted for water storage 
but partially rejected for ethanol storage, as there were 
significant differences in solubility between RelyX U200 
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groups with and without NAg. The solubility values cal-
culated were mostly negative. This has been reported 
in previous studies (25,27,28) and is usually indicating 
that these materials were more susceptible to sorption, 
masking the solubility values. In accordance with these 
studies, it can be implicated that this does not mean that 
no solubility occurred, rather, that there was mass gain 
(27,29). Besides this, all solubility values are lower than 
the maximum value established by the ISO 4049:2010 
(19) for polymer-based materials (7.5 μg/mm3).
Considering sorption, the lowest values observed were 
the groups without NAg, this is expected as the resin 
luting cement without NAg and manipulated as manu-
facturers recommendation is supposed to deliver the 
best properties, rejecting the fourth null hypothesis. 
The self-adhesive cements contain hydrophilic acidic 
monomers, such as phosphoric acid, that may result in 
higher solvent uptake, (28) thus higher sorption than the 
conventional cements, as showed in this study. The NAg 
content led to numerically different values, as the 0.07% 
concentration of NAg led to lower sorption than 0.05%. 
This can be explained by the two components added to 
these cements: NAg and HEMA. The increase in NAg 
content might contribute to a successive increase in the 
material hydrophobicity, leading to less water sorption 
when more NAg is present in the polymer matrix (4). 
Also NAg may act as filler particles, increasing the filler 
content of the cement and contributing to lower sorption 
(18). The hydrophobic nature of the monomers in the 
composites influence the sorption and solubility beha-
vior of the cements, and more HEMA content is known 
to enhance water sorption and promote hydroscopic ex-
pansion of a material (18). The higher amount of HEMA 
in the 0.05% solution and the slightly lower content of 
NAg when compared to the 0.07% one might have led to 
these values of sorption observed in this study. Sorption 
was numerically higher for 75% ethanol when compared 
to water, this might be due to the enhanced ability of etha-
nol to penetrate and swell the crosslinked polymer net-
work in comparison to water, promoting then an accelera-
ted aging effect (18). Also, according to US FDA (United 
States Food and Drug Administration) guidelines (30), 
75% ethanol-water is an important clinical simulating li-
quid, and considering that, it was used in this study.
To be accepted clinically, the new materials added with 
NAg must provide superior antimicrobial activity and 
display comparable physical properties when compared 
with conventional ones (6). Thus, the resin luting ce-
ment proposed by this study has to be further evaluated, 
especially for its toxicity, antibacterial and mechanical 
properties to be securely applied in clinical practice.
The resin luting cements with NAg addition did not 
show antibacterial effect against S. mutans. This resin 
cements with NAg showed perceptible color change and 
higher sorption than the materials without NAg.
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