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ABSTRACT

Purpose: The objective of the study was to assess water sorption and solubility of acrylic denture base containing nanosil-
ver and nanogold. Methods: Three concentrations of nanosilver and nanogold (0.01 %, 0.1%, 1% of polymer weight) were 
added to MMA monomer, cured samples were evaluated for water sorption and solubility using a method based on ISO standard.  
Results: Water sorption increased after one month aging in the groups containing the highest concentrations of nanosilver and 
nanogold, while solubility increased in nanosilver 0.1% and nanogold 1% groups. Conclusion: Water sorption and solubility in-
creased with addition of nanosilver and nanogold depending on their concentrations.
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INTRODUCTION 

Poly methyl methacrylate (PMMA) has been 
widely used as a biomaterial in dentistry (1). PMMA 
continues to be used as denture base materials be-
cause of its favorable characteristics as ease of 
processing, ease in repair, low cost and superior 
esthetics (2). Water sorption and solubility has been 
recognized as problems in the dimensional stabil-
ity of acrylic dentures. This condition affects the 
clinical performance of PMMA denture bases (3). 
Al-Nori A (4) concluded that, PMMA though absorbs 
relatively moderate amount of water when placed 
in an aqueous environment, nevertheless, this water 
exerts significant effect on the mechanical and di-
mensional properties of the polymer (5).  

According to Arikan A et al (6) water sorption and 
solubility causes dimensional instability, thereby 
subjecting the material to internal stresses that may 
result in crack formation and, eventually, fractures 
of the denture (5).

The presence of residual monomer, as a product 
of incomplete polymerization of material, results in 

more porous structure of the material, which greatly 
reduces the mechanical and physical quality of the 
acrylic restorations and increases the absorption of 
liquids (7). Testing materials for water sorption and 
solubility can give a better picture about decreased 
resiliency & increased porosity (8).

Al-Hiloh S et al (9) used different concentrations 
of milled glass fibers added to PMMA and he found 
a significant decrease in water sorption (9), he also 
concluded that addition of silanized zirconium ox-
ide nanoparticles can significantly decrease water 
sorption and solubility of the modifies PMMA.

Recently nanoparticles were added to acrylic 
denture base materials to modify their biological, 
physical and mechanical properties. Nanomaterials 
have many unique physicochemical properties, such 
as ultra-small size, large surface area to mass ratio, 
extensive thermal stability, and high reactivity (10). 
The properties of polymer nanocomposites depend 
on the type of incorporated nanoparticles, their size 
and shape, as well as the concentration and interac-
tion with the polymer matrix (11). 
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Silver has a well-tolerated tissue response and 
low toxicity profile and it is more toxic than many 
other metals against a broad spectrum of sessile bac-
teria and fungi which colonize on plastic surface (12).

Nanogold have many unique properties includ-
ing biocompatibilities and surface carrier capabili-
ties, non-cytotoxicity (13), in addition to the extreme-
ly small size and high surface area (14).  

Chladek G et al (15) concluded that the addition of 
nanosilver had a significant influence on the mean 
sorption values of the modified acrylic resin. They 
found that, water sorption increased with nanosilver 
concentration ranged between 0.1% and 0.4%.  

Arora N et al (16) concluded that addition of 0.2% 
AgNPs could result in a decrease in solubility of 
resin denture base material   as compared to the un-
modified material and they attributed this decrease 
to the hydrophobic nature of silver nanoparticles.

Azeez Z and Fatah N (17) have reported a significant 
decrease in water sorption and an increase in water 
solubility in the acrylic resin containing 0.5% nanosil-
ver as compared to the unmodified acrylic resin.

MATERIALS AND METHODS:

Nanosilver and nanogold were synthesized in a 
colloidal solution of alcohol. Nanosilver were trian-
gular prisms in shape, while nanogold nanoparticles 
were spherical in shape. All nanoparticles had an 
average size of 20 nm. Three different concentra-
tions of nanosilver and nanogold were used (0.01%, 
0.1%, 1%) of the polymer weight. 

Disk shaped metal patterns were constructed 
with a diameter of 50mm and thickness of 0.5mm 
according to ADA 1999 specification no.12 for den-
ture base polymers (18)  and were invested in flasks 
with dental stone. After setting of stone, the flasks 
were opened and the patterns were removed, leav-
ing cavities that were used as matrixes for the fab-
rication of acrylic resin specimens (19). Control and 
modified acrylic resin samples were made for each 
performed test so that (n =10) according to interna-
tional organization for standardization (20).

The samples were weighed on an AS 110/C/2 
analytic scale (Radwag: Radom, Poland) with a 
measurement accuracy of 0.1 mg and were placed 
inside desiccators containing freshly dried sil-
ica gel. The desiccators were placed in a dryer at  
37 ± 1°C, and the samples were weighed every 
24h(21).  The measurement cycles were repeated un-
til the daily changes in mass were no higher than 
0.2 mg. Stable values were registered as m1 “con-
ditioned mass”, and the samples were placed in a 
chamber filled with distilled water at 37±1°C. Three 
aging times were used: 1 day, 7 days and 28 days. 
After aging, the samples were removed from water, 
and all visible moisture was removed using filter pa-
per; the samples were air-dried for approximately 
15 seconds and then weighed (15). 

The registered mass was denoted m2. The sam-
ples were placed in desiccators with freshly dried 
silica gel and dried until they reached a stable mass, 
denoted as m3. 

The sorption and solubility of each sample were 
calculated using the following equations: 

2 – 3    1 ×100% 
1 – 3    1 ×100%
where w  is sorption, w is solubility, ml is the ini-

tial mass of dried samples, m2 is the mass after aging, 
and m3 is the mass after the second drying step (16).

RESULTS

Data were statistically analyzed using F-test 
(ANOVA) and  Post Hoc Test (LSD) A statistical-
ly significant increase in water sorption in all test 
groups after 1 day was reported.  Only a statistically 
significant increase in water sorption in Nanosilver 
1 % group after 1 week was reported. After 1 month 
the increase was statistically significant only in 
Nanosilver 0.1 % group and Nanogold 1% groups 
(table 1, figure 1).

A statistically significant increase in solubility % 
in all test groups of nanosilver and nanogold after 1 
day was noticed. There was a statistically significant 
increase in solubility % in Nanosilver 0.1% group 
and all Nanogold groups after 1 week. After 1 month 
the increase was significant in Nanosilver 0.1% group 
and Nanogold 1% group (table 2, figure 2).
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TABLE (1) Comparison between the studied groups according to water sorption 

Water sorption Control
Nanosilver Nanogold 

p
0.01% 0.1% 1% 0.01% 0.1% 1%

1 day
Min. – Max. 0.96 – 1.62 1.86 – 2.81 1.82 – 2.19 1.34 – 3.03 1.92 – 3.20 1.54 – 2.85 2.27 – 3.44

<0.001*Mean ± SD. 1.15 ± 0.24 2.33 ± 0.44 2.02 ± 0.15 2.16 ± 0.65 2.51 ± 0.52 2.15 ± 0.46 2.93 ± 0.46
Median 1.07 2.36 2.07 2.29 2.49 2.19 2.97
P Control 0.001* 0.026* 0.006* <0.001* 0.007* <0.001*

1 Week
Min. – Max. 1.26 – 1.76 0.91 – 1.77 0.78 – 1.84 1.35 – 3.02 1.33 – 2.76 1.10 – 2.43 0.08 – 1.85

<0.001*Mean ± SD. 1.40 ± 0.25 1.42 ± 0.30 1.51 ± 0.39 2.16 ± 0.64 2.03 ± 0.62 1.56 ± 0.48 0.67 ± 0.65
Median 1.29 1.41 1.59 2.30 2.04 1.43 0.62
P Control 0.961 0.867 0.020* 0.058 0.792 0.642

1 Month
Min. – Max. 1.81 – 1.98 0.76 – 2.83 0.97 – 3.87 1.36 – 3.04 1.19 – 2.81 1.58 – 2.46 2.21 – 3.37

0.001*Mean ± SD. 1.85 ± 0.27 1.59 ± 0.74 2.42 ± 1.0 2.17 ± 0.65 2.16 ± 0.61 2.13 ± 0.34 2.91 ± 0.46
Median 1.37 1.48 2.30 2.31 2.22 2.24 3.05
P Control 0.884 0.020* 0.096 0.105 0.129 <0.001*

P: p value for ANOVA test, Significance between groups was done using Post Hoc Test (Tukey) 

P Control: p value for comparing between Control group and each other group.

TABLE (2) Comparison between the studied groups according to solubility %                   

Solubility % Control
Nanosilver Nanogold 

p
0.01% 0.1% 1% 0.01% 0.1% 1%

1 day
Min. – Max. -2.20 – 0.81 1.92 – 2.93 1.84 – 2.29 0.80 – 1.75 1.57 – 2.79 1.57 – 2.79 2.39 – 3.55

<0.001*Mean ± SD. -1.08 ± 1.31 2.42 ± 0.45 2.11 ± 0.19 1.29 ± 0.38 2.20 ± 0.43 2.20 ± 0.43 3.05 ± 0.48
Median -1.65 2.42 2.18 1.18 2.26 2.26 3.06
P Control <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

1 Week

Min. – Max.
-2.10 – 
-1.27

4.4 – 6.53 1.57 – 2.23 0.59 – 2.0 1.33 – 2.76 1.53 – 2.67 0.02 – 4.93
0.011*

Mean ± SD. -1.67 ± 0.35 0.72 ± 4.36 2.02 ± 0.25 1.42 ± 0.52 2.03 ± 0.62 1.98 ± 0.39 2.0 ± 1.97
Median -1.61 0.40 2.08 1.44 2.04 1.89 2.0
P Control 0.265 0.020* 0.078 0.019* 0.021* 0.020*

1 Month
Min. – Max. -2.54 – 6.28 1.04 – 3.76 1.16 – 5.69 1.16 – 2.83 1.23 – 3.11 1.66 – 2.69 2.51 – 3.78

0.040*Mean ± SD. 0.21 ± 3.84 2.12 ± 0.97 3.69 ± 1.99 2.0 ± 0.56 2.41 ± 0.71 2.33 ± 0.40 3.32 ± 0.47
Median -1.96 1.77 3.73 1.98 2.49 2.46 3.43
P Control 0.481 0.020* 0.556 0.317 0.359 0.050*

P: p value for ANOVA test, Significance between groups was done using Post Hoc Test (Tukey). 

P Control: p value for comparing between Control group and each other group.
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DISCCUSION

The increase of water sorption accompanying 
the addition of nanoparticles may be attributed to  
decreased cross-linking and decreased rate of po-
lymerization which noticed by the increased time 
of reaching the dough stage. This time was propor-
tional to the nanoparticles concentration (22). The de-
crease in the rate of polymerization was related to 
the physical interaction between the nanoparticles 
and free radicals present in the reaction medium.

Fan C et al (23) assumed that the cross-linking 
problems associated with dental resin, which occur 
with increasing nanoparticles concentration, can be 
caused by the agglomeration of the nanoparticles. 
Based on previously reported SEM examinations of 
studied materials, nanoparticles agglomeration was 
greater in 1% AgNPs subgroup but this subgroup 
showed lower water sorption than AgNPs 0.1% 
subgroup, this could be attributed to hydrophobic 
nature of silver nanoparticles which became more 
apparent with higher concentrations (16) .

In the current study it was reported that after one 
month both water sorption and solubility were in-
creased significantly in AgNPs 0.1 % and AuNPs 
1% subgroups. Previous studies noticed a direct re-
lation between water sorption and solubility, they 

had found a decrease in water sorption in a modi-
fied acrylic resin material with AgNPs which was 
accompanying by a decrease in solubility when 
the measurement were done after four weeks, they 
based their conclusions on the facts that, water sorp-
tion and solubility were evaluated simultaneously 
through water gain and loss of soluble components. 
The resulted decrease in water sorption mean values 
could be attributed to addition AgNPs, with their 
hydrophobic nature, so addition of AgNPs resulted 
in decrease of micro porosity that resulted after po-
lymerization process and subsequently reducing the 
water sorption. While highly significant decrease 
in solubility could be attributed to the decrease in 
water sorption properties of the modified material 
with the increase in the amount of AgNPs added, as 
indicated by their study. This limitation in the dif-
fused water will reduce the possibility of molecular 
flexibility and the leach out of soluble constituents 
from the polymer mass (16). 

The increase in water solubility also could be at-
tributed to the surface alteration due to nanoparticles 
activity and the capability to diffuse to the surface 
of polymer and migrate out in order to form equilib-
rium between the bulk and the environment(17).

Fig. (1) Bar chart showing comparison between the studied 
groups according to water sorption

Fig. (2) Comparison between the studied groups according to 
solubility 
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