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ABSTRACT

Purpose: To investigate and compare the influences of adding different concentrations of 
colloidal forms silver nanoparticles on color changes of heat cured acrylic resin denture base 
material submitted to Accelerated aging. 

Methods: A total of 40 disc-shaped specimens were prepared from heat cured PMMA resins 
with different concentration of silver nanoparticles. The specimens were divided into 4 groups 
according to the addition of colloidal form of silver nanoparticles (NAg) percentage (1%, 2% and 
5% vol.) which added to the liquid of resin (n = 10); Group I heat cured control group without 
additives and Groups (II, III and IV) with (1%, 2% and 5%) additives, respectively. All test group 
specimens were initially measured for color alteration and after each period of accelerated aging 
stages 252 H (stage I), 504H (stage II), and 1008 H (stage III). A double beam ultra-violet visible 
spectrophotometer was used to obtain diffuse reflectance data at every 5nm between 400-700nm. 
The results were recorded using a computer color matching system (CCM) and tabulated for the 
statistical analysis of the color differences (ΔE) data. Comparisons between the different studied 
groups were analyzed using F-test (ANOVA) and Post Hoc test (Scheffe) for pair-wise comparisons. 
Significance of the obtained results was judged at the significance level of α = 0.05. 

Results: All groups of heat-cured acrylic resin with the addition of (NAg) groups II, III and IV 
were showed significant (ΔE) values more than group I at initial and at stage I, II of accelerated 
aging records. In stage III only group IV was showed significant (ΔE) values more than group I of 
the same stage. Therefore, group IV was showed significantly highest mean (ΔE) value followed by 
group III then group II (P < 0.05) in all accelerated aging stages but group I was showed significantly 
lowest mean (ΔE). 

Conclusion: The silver nanoparticles incorporation within the acrylic denture base material can 
change its color. The higher incorporation of silver nanoparticles with accelerated aging, the more 
color difference values (ΔE) of the acrylic resin denture.  
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INTRODUCTION 

In reality, the heat cured acrylic resins PMMA are 
the most popular material of choice for removable 
dentures fabrication because it has low cost, 
pleasant aesthetic properties, adequate strength, 
low water sorption, low solubility, low thermal 
conductivity, free from toxicity, reproduce surface 
details and required relative ease of manipulation 
and construction methods [1, 2]. However, it is not 
the ideal material in every aspect as the denture 
base polymers should have a good esthetic and 
smooth glassy surface and should be capable of 
matching the natural appearance of the soft tissue 
but discoloration of acrylic resin results in esthetic 
problems [1, 3]. 

The color and translucency of heat cured resin 
should be maintained during processing and not 
stained or change its color during clinical use. 
Therefore, color stability is an important factor 
for many dentures materials and color change 
may be an indicator of aging or damaging of 
materials. So, it may be the most important clinical 
factor of prosthesis for determining the patient  
acceptance [3-5]. 

The color change of a polymeric material may 
be caused by intrinsic and extrinsic factors. The 
intrinsic factors involve resin discoloration itself 
and matrix changes, occurring during the aging 
process of the material due to many physical and 
chemical conditions. But the extrinsic factors such 
as thermal changes, stain accumulation, artificial 
dyes, cleaning procedures, and handling by the 
patient [4, 6].

Currently, Silver nanoparticles (NAg) have been 
applied in several areas of dentistry as endodontics, 
dental prostheses, implantology and restorative 
dentistry. Incorporation of NAg aims to avoid or 
at least to decrease the microbial colonization over 
dental materials, increasing oral health levels and 
improving life quality [7-10]. Renewed interest has 
arisen in manufactured silver nanomaterial because 

of their unusually enhanced physicochemical 
properties and biological activities compared to 
the bulk parent materials. Silver nanomaterial has a 
lots of peculiar and exciting physical and chemical 
properties that are different from massive silver, so 
the synthesis and applications of silver nanomaterials 
have attracted a great deal of attention in the last 
decade [11, 12].

Respecting to manufacture, all kinds of silver 
nanomaterials with different shapes and sizes were 
synthesized by many ingenious methods including 
Nano-rods, Nano-wires, Nano-tubes, Nano-prisms, 
Nano-plates, Nano-disks, Nano-spheres and Nano-
polyhedrons, etc. Silver nanomaterials have exhib-
ited extensive application prospects in many fields 
especially in biomedical aspect and have already 
used in everyday consumer products. Although, 
more biomedical applications of silver nanomateri-
als still need to be exploited for the future and the 
biological safety of silver nanomaterials also should 
be paid enough attention before their practical ap-
plications [12, 13].    

Generally, Acrylic resin is colorless and 
transparent at a normal temperature/ pressure 
values. The addition of Nano-silver to heat cured 
acrylic resin as a measure against odor, bacterial 
proliferation and to enhance the strength and radio-
opacity. The thermal and mechanical properties 
have been studied, but undesirable color changes 
submitted to accelerated aging have tended to  
occur [14-16] . 

So, the purpose of this study was to evaluate and 
compare the effect of adding different concentrations 
nanoparticles of silver on color change of acrylic 
resin denture base material submitted to accelerate 
aging.

MATERIALS AND METHODS

A total of 40 disk-shaped specimens (15 mm in 
diameter and 2 mm in thickness) were prepared from 
heat cured PMMA resin (Ecocryl – Hot protechno, 
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Girona, Spain) figure 1. The specimens were 
constructed by investing disk-shaped wax pattern 
(Cavex- Holland BV) of the same dimensions in 
dental stone III (LabStone- Dentsply, USA) by a 
conventional flasking procedure in dental flasks. 
According to Monteiro et al. (2012), [17] Nanoparticles 
of silver (NAg) in the form of colloidal solution was 
prepared and added to the monomer of acrylic resin 
measured by volume proportion with concentration 
of (1%, 2% and 5%) to form a mixture. After 
dewaxing, the flask retrieved and the acrylic PMMA 
was mixed in accordance with the manufacturer’s 
instructions and packed then processed at 100°C for 
45 minutes. After processing, the flask was cooled 
at room temperature for 30 minutes then opened to 
remove the specimens.

Fig. (1) disk specimen for color stability test.

The specimens were divided into four groups 
according to the addition of silver nanoparticles 
(NAg) percentage (n = 10): Group I: heat cured 
control specimens without additives and Group II, 
III and IV: heat cured specimens with 1%, 2% and 
5% of NAg, respectively.

All test group specimens were initially measured 
for color alterations and after each period of 
accelerated aging stages 252 H (stage I), 504 H 
(stage II), and 1008 H (stage III) according to 
ASTMG 53 Standards for non-metallic bodies – 
UVB/condensation (2008). The test specimens were 

incubated in accelerated aging chamber (Equilam 
Ind. Co., Diadema, SP, Brazil) then cleaned with 
water and soap before each reading. 

A double beam ultra-violet visible spectropho-
tometer (U.V-Vis. UV 3101 PC, Shimadzu scan-
ning spectrophotometer, Japan) was used to obtain 
diffuse reflectance data at every 5nm between 400 
-700nm. An equipped ISR-260 integrating sphere 
attachment was used for the measurement. The at-
tachment was installed in the spectrophotometer ac-
cording to the manufacturer’s recommendation by 
using the supplied white calibration standard which 
used in the reference port for calibration of zero and 
100% reflectance to obtain data. A special sample 
holder was used to hold the sample in the attach-
ment. Tristimulus value (X, Y and Z) was computed 
relative to the CIE 1985 Commission Internacio-
nale L’Eclairage [18] and relative to particular light 
source.

According to ANSI /ADA Specification No.80, 
the ratio of each tristimulus value of a color to 
their sum was called chromatically coordinate (x, y  
and z) i.e.:

x= X/ (X+Y+Z)

y=Y/ (X+Y+Z)

z= (1-[X+Y])

A CIE three dimensional L*, a* and b* color 
order system was provided a useful standardization 
method for color difference assessment. Difference 
ΔE between two colors was determined from the 
color difference formula:

ΔE (L*, a* and b*) = [(ΔL) 2 + (Δa) 2 + (Δb) 2]1/2

Where L*, a* and b* depended on tristimulus 
values (X, Y, Z) of the specimens and a perfectly 
white object where L* corresponds to the value in 
the Munsell system which represents the lightness 
coordinate, while a* is the red-green coordinates 
and b* is the yellow-blue coordinate.
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The color of each opposing pair is indicated 
by [the positive and negative values of a* and b* 
(+a*= redness, -a*=greenness, +b*=yellowness, 
-b*=blueness). The tristimulus values (X+Y+Z), the 
chromatically coordinate (x, y, z), The L*, a* and b*, 
ΔE, ΔL, Δa, and Δb were automatically calculated. 
The results were recorded using a computer color 
matching system (CCMS) and tabulated for the 
statistical analysis of the data. Quantitative data 
were described using mean and standard deviation 
of the color difference ΔE summation. 

Statistical analysis

Comparisons between the different studied 
groups were analyzed using One-Way analysis 
of variance ANOVA followed by Post Hoc test 
(Scheffe) for pair-wise comparisons. Significance of 
the obtained results was judged at the significance 
level of α = 0.05.

RESULTS

Comparisons between mean and standard 
deviation of color differences (ΔE) values for 
different test groups with different stages of 
accelerated aging were shown in Table 1.

The statistical analysis for initial records shown 
that, in comparison between the test groups (p1) 
there were a significant difference between the 
nanosilver groups (II, III and IV) with the control 
group (I) and between different concentrations of 
nanosilver group IV with II and III but there was 
no significance between groups II and III. From the 
statistical analysis, the same results were recorded 
in stage I and II of accelerated aging. In stage 
III, there were significance differences between 
groups IV with all other groups, but there was no 
significance between groups II, III with the control 
group I (Figure 2).

TABLE (1): Comparison between mean color different (ΔE) values of the tested groups with different stages 
of accelerated aging.

Test groups Group I Group II Group III Group IV p1

Initial record 0.40 ± 0.23 1.37a ± 0.52 1.59a ± 0.26 2.63abc ± 0.28 <0.001*

Stage I 0.53 ± 0.26 1.44a ± 0.53 1.82a ± 0.36 4.12abc# ± 0.59 <0.001*

Stage II 2.51# ± 0.42 3.28a# ± 0.67 3.47a# ± 0.27 5.03abc# ± 0.57 <0.001*

Stage III 3.05# ± 0.78 3.76# ± 0.44 3.81# ± 0.50 5.82abc# ± 0.60 <0.001*

p2 <0.001* <0.001* <0.001* <0.001*

p1: p value (ANOVA), Sig. bet. groups were performed using Post Hoc Test (Scheffe).

p2: p value (ANOVA) with repeated measures for comparing different stages, Sig. bet. Stages were performed using 
Bonferroni adjusted.

a: Significant with control

b: Significant with 1% NAg

c: Significant with 5% Nag

#: Significant between initial record with each other stage

*: Statistically significant at p ≤ 0.05
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The statistical analysis for comparing each group 
in different stages (significance between Stages, P2) 
with initial record shown that, for group I there was 
significant difference in stage II and III but has no 
significance in stage I, the similar results have been 
recorded with group II and III in the same stages. 
For group IV there was significance difference in all 
stages with initial and with other groups (Figure 3).

Consequently, all groups of heat-cured acrylic 
resin (Groups II, III and IV) with the addition 
of nanoparticles of silver (NAg) were showed 
significant color differences (ΔE) values more than 
control group (Group I) at initial and at stage I, II 

of accelerated aging records. In stage III only group 
IV was showed significant color differences (ΔE) 
values more than control group (Group I) of the 
same stage but there was no significance with group 
II and III.

Heat-cured acrylic resin with 5% nanoparticles 
of silver (group IV) was showed significantly 
highest mean color differences (ΔE) followed by 
heat-cured acrylic resin with 2% nanoparticles of 
silver (group III) then heat-cured acrylic resin with 
1% nanoparticles of silver (group II) (P < 0.05) 
in all accelerated aging stages. Heat-cured acrylic 
resin control group without additives (Group I) was 
showed significantly lowest mean color differences 
(ΔE). The results of color difference values (ΔE) 
were showed significant differences (P<0.05) 
between groups (II, III and IV) and group I.

DISCUSSION

Nanotechnology is the most promising field for 
generating new applications in medicine and dental 
practice. However, there are few Nano-products cur-
rently in use for these purposes and the most promi-
nent type is nanosilver particles which are generally 
smaller than 100nm and contain 20-15,000 silver 
atoms. At Nano-scale, silver can exhibit remarkably 
unusual physical, chemical and biological proper-
ties and due to its strong antibacterial activity, it was 
utilized in antibacterial coatings on dental materials 
and devices to reduce infection rates [19-21]. For these 
community and applicability of nanosilver in dental 
field it was chosen to be tested in the present study.   

The use of nanosilver powder particles has been 
more preferred than silver particle because the 
nanoparticles cause better processing and smoother 
surfaces than the silver powder [15]. These results 
were not coincidence with some authors advising 
the use of NAg in colloidal form with the monomer 
of acrylic resin because NAg was shown to possess 
potent antibacterial properties. Chemically, their 
smaller particle size and larger surface area could 
enable them to release more Ag ions at a low filler 

Fig. (2) Mean and standard deviation of color difference values 
(ΔE) of different stages of accelerated aging with 
different tested groups.

Fig. (3) Mean and standard deviation of color difference values 
(ΔE) of the different tested groups with different stages 
of accelerated aging.
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level, thereby reducing Ag particle concentration 
necessary for its efficacy and avoiding negative 
influence on mechanical properties. The Ag ions in 
the resin agglomerated to form nanoparticles that 
became part of the resin as the smaller the diameter 
of the particle, the better the particle distribution 
and dispersion in the polymer mass [22-27]. So, this 
study was used a colloidal form nanosilver added to 
the acrylic monomer to form a mixture which mixed 
with the acrylic powder to form the specimens. 

Respecting the color stability, it is the property 
of a material that allows color to be maintained over 
a period of time in a given environment. There were 
many factors responsible for the color changes of 
dental resin materials that are involving changes 
within the resin matrix and occurring at the interface 
of matrix and fillers are called intrinsic factors. In 
general, this intrinsic discoloration occurs with 
aging as a result of physical-chemical conditions 
(extrinsic factors) such as thermal and humidity 
changes. It has been reported that, both conventional 
and flexible resins suffered color alteration following 
aging due to intrinsic and extrinsic factors, it was 
founded that all resins exhibited a high ΔE value 
of color alteration after accelerated aging [2, 28, 29]. 
In the present study the intrinsic discoloration of 
resin matrix was occurred due to incorporation of 
the Nano-silver component and the extrinsic due to 
thermal-humidity changes with accelerated aging.

In the study of Goiato et al., (2011) they were 
recorded that accelerated artificial aging produced 
significant color alteration in studied resins between 
252 and 1008 h as the result of ultraviolet light, 
humidity and heat as accusative factors of polymer 
degradation [30]. The mechanism of these alterations 
were occurred when water molecules are absorbed 
by acrylic resin, they act like plasticizers to damage 
the material’s mechanical resistance through the 
formation of microcracks related to absorption and 
hydrolytic degradation of the polymer, resulting in 
linkage cleavage and gradual deterioration of its 
infrastructure [31]. Oguz et al., (2007) were emphasis 
that even the control group showed a color change 

and the absorption may be the major cause of color 
change due to the polarity of the acrylic resin [32]. 
These results come in coincidence with the result of 
the present study. As regarding the effect of aging 
on color change of test specimens the result was 
recorded an increase in color alteration coordinated 
with the increased aging of incubation.

According to Andreotti et al., [2014] there were 
statistically significant differences in color stability 
of acrylic resin specific for ocular prosthesis with 
nanoparticles of zinc oxide, titanium dioxide and 
barium sulfate (BaSO4) at weight concentrations 
of 1%, 2%, and 2.5% after accelerated aging. All 
samples showed considerable color changes and the 
control and BaSO4 groups presented significantly 
higher values of color change compared with the 
other groups. They were concluded that, accelerated 
aging through ultraviolet light, humidity, and heat 
were a causative factor of polymer degradation that’s 
altering the properties of acrylic resin. Incorporation 
of nanoparticles especially 2.5% TiO2, helped in 
maintaining color stability and microhardness after 
aging [33]. These results were not coincidence at all 
with the results of the present study as the statistical 
analysis was demonstrated that, the accelerated 
aging associated with the concentration of NAg 
causing material degradation that interfered with 
color stability due to alteration of the material 
chemical structure under different conditions, such 
as storage time, temperature, and humidity. 

Dramatically, it was observed that there were no 
statistically significance for group II (1% NAg) and 
III (2% NAg) with the control (group I) in stage III 
(after 1008 H) of time, this may be interpreted as 
silver release from NAg specimens was occurred 
but the effect of staging was significant. Otherwise, 
there were significance of group IV (5%) still 
persistent within the same stage III with all other 
groups of the stage, that’s may be due large 
amount of silver content and long period of staging 
which need more time for releasing. Kumar and 
M¨unstedt, (2005) were reported the Ag+ release 
rate increased with Ag concentration in the polymer 
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and with the immersion time in water [27]. Yu et al, 
(2008) were incorporated silver nanoparticles in 
PMMA denture base, and noticed that the release 
of these nanoparticles was extremely slow during 
the test, with a very small fraction of Ag+ released 
in artificial saliva after 54 days [34]. Monteiro et al, 
(2012) were recorded after 120 days of storage 
in water; silver nanoparticles were located on the 
polymer surface, regardless of the amount of Ag 
added to the PMMA [17].

Colorimetry is a branch of the science of color 
based on the digital expression of the color perceived 
from an object. In assessing chromatic difference, 
generally two color systems are used, namely: 
Munsell color system and Standard Commission 
international de L’Eclairage (CIE L*, a* and b*) 
color system. The American Dental Association 
recommends the used of CIE L*, a* and b* color 
differential system [20]. The CIE L*, a* and b* 
color system uses the three parameters L*, a* and 
b* to define color and show the color difference 
quantitatively. ΔE value which represents overall 
color difference between the two measurements in 
CIE L*, a* and b* color space is considered to be 
better indicator for evaluating the color stability of 
dental materials [28, 35]. These principles were used in 
the study for assessment the chromatic differences 
between the different test groups.

For color evaluation of an object can be made 
based on subjective or objective methods. Subjective 
methods are based on visual observation, whereas 
in objective tests color parameters (L*, a*, b*) are 
quantified. L* represents brightness on vertical 
axis from black to white. On horizontal planes, a* 
represents red on the positive side and green on the 
negative side, whereas b* represents yellow on the 
positive side and blue on the negative one. Color 
differences (ΔE) between two objects are evaluated 
using one object as control while the other is 
compared to it [36- 38]. The value of ΔE represents 
relative color changes that an observer might report 
for the materials after treatment or between time 
periods. Thus, ΔE is more meaningful than the 

individual L*, a* and b*values [39, 40]. The method 
was used for color evaluation in the study was a 
more qualified objective method for quantizing 
the ΔE by using a double beam ultra-violet visible 
spectrophotometer to obtain diffuse reflectance data 
at every 5nm between 400 -700nm.

Goldstein and Schmitt, [1993] were reported 
that, when ΔE is more than 3.7 is clinically 
unacceptable [41]. Although the clinical perceptibility 
and acceptability of color difference may vary, the 
interception of color difference would be related 
a range of values of ΔE to perceptible color 
difference, values of ΔE between 0 and 2 represent 
imperceptible color differences and clinically 
acceptable, whereas value of ΔE in the range of 2-3 
represent just perceptible color difference and ΔE 
values of approximately 3.3 and above indicates 
an appreciable difference [42-44]. According to these 
input data, the results of the study can be interpreted 
in relation to the given clinical acceptance as the 
initial record of the mean ΔE values for the control, 
1%, 2% and 5% NAg groups (0.40, 1.37, 1.59 and 
2.63), respectively were showed imperceptible ΔE 
values and within the clinical accepted value of 3.3 
or 3.7. In respecting the accelerated aging stages, 
the control groups were showed imperceptible ΔE 
values less than 3.3 or 3.7 in all stages of aging. 
After 252 and 504 Hs of aging with 1% and 2% 
NAg groups, the ΔE values were showed less than 
3.7 but in stage III (1008 H) the ΔE values were 
showed 3.76 and 3.81 respectively. An appreciable 
difference of ΔE values more than 3.7 were recorded 
with 5% NAg group in all aging stages except the 
initial which record 2.63 ΔE values. 

It is important to emphasize that, there are other 
many factors influencing on the color alterations of 
acrylic resins such as poor cleaning of prosthesis, 
particles of the oral environment, material porosity 
and the polishing surface fabrication [4, 45, 46]. All 
these clinical and laboratory factors were caused 
a clinical implication from the results of this study 
as the difference between the oral environment 
and the in vitro conditions of the study must be 
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considered. So that, this in vitro study was only 
attempted to simulate a clinical condition in which 
many other factors can affect color causing its 
limitations. Therefore, additional clinical studies 
must be performed to evaluate the NAg chemical 
interactions with acrylic resins and coloring factors 
in natural aging of oral cavity.

CONCLUSIONS

Within the limitations of this in vitro study, it can 
be concluded that: The silver nanoparticles incorpo-
ration within the acrylic denture base material can 
change its color. The higher incorporation of silver 
nanoparticles coincidence with the more color dif-
ference values (ΔE) of the acrylic resin denture. 
Accelerated aging was a causative factor of acrylic 
resin degradation and color alteration which exag-
gerated with the NAg incorporation and the long 
period of aging the more effectiveness alterations.
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