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INTRODUCTION

Removable prosthesis partial or complete typically has acrylic resin 
bases to improve prosthesis sustenance and keep the simulated 
teeth in position.[1] These denture bases subsidize to esthetics 
and efficient rehabilitation.[2] Acrylic resin is thus considered as 
an efficient denture base material because of its cost-effectiveness, 
relining property and has a good esthetic appearance. It also has 
low density, easy to manipulate, biocompatible, as well as adequate 
physical and mechanical properties.[3,4] However, some undesirable 
physiognomies such as loss of elasticity, abrasion, porosity, and 
color changes might occur with time. One of the pointers of aging 
or damaging of materials is change in the color. It is one of the 
most imperative clinical possessions of dental materials.[5,6] The 
polymerization technique might persuade porosity inside the resin 
body during processing through short or long curing cycle[2,3,7,8] 
which may permit sorption of pigments of fluids such as tea, 
wine, grape juice, cola, and coffee, amid others.[2,3,9] This process 
of absorption and adsorption of fluids depends on environmental 

circumstances and can quickly physical and mechanical properties 
of the material as well esthetics are challenged too.[9] Furthermore, 
various extrinsic factors can also cause discoloration such as 
thermal change, artificial dyes used in food, cleaning procedures, 
stain accumulation, and mishandling by the patient.[10]

To overawed some of the drawbacks of conventional 
compression processing technique, an injection-molded 
technique was endeavored for familiarizing non-polymerized 
acrylic resin into the mold. In this, a spring mechanism applies 
the continuous recommended hydraulic pressure to a reservoir 
of non-polymerized resin was used, to compensate for the 
polymerization shrinkage. Now, a number of dental trade 
corporations are introducing injection-molded systems, and 
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the method is more normally being used.[11] Injection-molded 
denture bases have the undue compensations of dimensional 
accuracy, low free monomer content, and good impact strength, 
low craze resistance, and the only drawbacks of high capital 
equipment costs initially.[12]

The color change of a polymeric substantial may be caused 
by various intrinsic or extrinsic factors. Intrinsic factors occur 
during the ripened process of the material due to physical and 
chemical circumstances resulting in resin discoloration and matrix 
changes. Color change is a result of changes in the matrix and 
aging procedure of the material occurring due to intrinsic factors 
but changes by extrinsic factors can be avoided with the help of an 
impervious, self-scrubbing, and scratch-resistant surface coating 
of titanium dioxide nanoparticles.[13,14] It is well recognized that 
brews such as tea, coffee, wine, and some artificial dyes used in food 
may increase the staining of both denture base polymers and the 
teeth. The research work focuses on the color constancy of denture 
base resins and their color perceivability for the food colorants 
commonly used in Indian diet.

MATERIALS AND METHODS

Four varieties of heat cure denture base materials, namely, 
IVOCAP (HI), Trevalon (HI- DENTSPLY, Gurgaon), Pyrax 
(Roorkee, UK), and DPI (Dental Products, Mumbai) were 
taken to make the desired samplings. The size of each cuboidal 
specimen was 20*20*2 mm. Metal die was used for production 
the wax patterns of the sampling [Figure 1] which were 
processed according to the manufacturer’s instructions. A total 
of 64 specimens [Figure 2] were prepared and out of which 48 
samples were processed by compression molding technique 
using heat cure denture base resins Trevalon (HI, DENTSPLY, 
Gurgaon), Pyrax (Roorkee), and DPI (Dental Products, 
Mumbai) (Manufacturer’s directions). They were equipped in 
conventional metal denture flasks and polymerized in a water 
bath for 9 h at 74°C (long curing cycle). For the injection molded 
method, HI-Ivocap (Ivoclar AG, Schaan, Liechtenstein), rest 16 
samplings were equipped in special flasks with the injection unit 
(Dentsply). All the samplings were finished and polished using 
200 grit sandpaper and followed by polishing from the lathe. All 
the samples are marked by their company name as I – Ivoclar, P – 
Pyrax, T – Trevalon, and D-DPI.

Solution preparation

Solutions of tea and turmeric were equipped using 200 ml of 
distilled water with the 10 ml of artificial saliva and 5 g of colorant 
for each and every sample. The solution was thoroughly mixed and 
heated to 100°C [Figures 3 and 4]. The obtained solutions were 
kept aside for 10 min and were then filtered through filter paper. 
Individually solution was then equally divided into four equal parts 
55 ml into plastic containers.

Individually container with samplings was kept aside in an 
incubator at 37°C. Samples will be observed after the 1st week, 
2nd week, 3rd week, and 4th week. The observation was made 

using ultraviolet–visible (UV–Vis) spectrophotometer by setting 
(lambda max and min) to obtain the optical density (OD) of the 
immersed sample. The samples were kept in different solutions for 
different intervals and their individual readings were calculated, 
after leaching the samples in 30% hydrogen peroxide while 
hydrogen peroxide would be kept as the control group. This 
leached solution will be tested in spectrophotometer [Figure 5].

Figure 1: Customized metal die

Figure  2: Prepared acrylic samples of Pyrax, DPI, Trevalon, and 
Ivoclar

Figure 3: Preparation of all the staining samples
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Grouping of the samples

The study is divided into four groups as – Group A observes with 
Coca-Cola, Group B with tobacco, Group C with turmeric, and 
Group D with tea in Table 1 along with grouping and subgrouping 
of the samples which has been done. These groups are further 
divided into subgroups as follows:

Testing of samples

After conditional duration of time (1 week, 2 weeks, 3 weeks, 
and 4 weeks), each specimen was removed from the staining 
solution they were rinsed from hydrogen peroxide after removing 
the excess solution from the specimen by the tissue paper. Color 
changes of the specimen were determined from the leached 
solution of hydrogen peroxide solution in beaker which is kept for 
absorbent measurement over the UV spectrometer [Figure 5]. The 
absorbance of each specimen was determined using the wavelength 
of 200–700 nm. UV–Vis spectrophotometer and microplate readers 
differ fundamentally in their beam geometry. In spectrophotometer, 
samples are read through cuvette with a horizontal light path. The 
horizontal light beam and the customary 1 cm path length make 
assays based on extinction coefficients straight forward and allow 
easy comparison between them. Vertical light beam was dependent 
on volume filled which is, however, compensated in Spectramax 
where path length in each well of a microplate and automatically 
normalized the absorbance value to a 1 cm path length. The readings 
were recorded for each material and plotted in a graph.

 For absorbance measurements, the OD is a logarithmic 
measurement of the percent transmission (%T) and it can be 
represented by the equation, OD = log 10 (Incident optical 
intensity/transmitted optical intensity).

= 10
IO

OD log
IT

 If a sample has OD 3 that would mean that only 

1 out of 1000 will be measured by the depicter.

RESULTS AND STATISTICAL ANALYSIS

The null hypothesis for the following study was used and nullified. 
It was observed that significant changes in all the denture base 
resins were seen when observed after a period of 7–28 days. Master 
values for investigations obtained after interpreting the graphs 
obtained in UV–Vis spectrophotometer Table 2.

Subsequently, from Graphs 1-4 show the effect of staining 
agent to all four samples.

In DPI, there was significant difference in mean in between all 
the four materials in DPI group (P = 0.007*).

In PYRAX group, there was a significant difference in mean in 
between all the four materials (P = 0.001*).

In TREVALON, there was a significant difference in mean in 
between all the four materials in TREVALO group (P = 0.011*).

Table 1: Grouping of samples used in methodology
Group A (Coca-
Cola)

Group B 
(tobacco)

Group C 
(turmeric)

Group D (tea)

Subgroup IA: 7 
days

Subgroup IB: 7 
days

Subgroup IC: 
7 days

Subgroup ID: 
7 days

Subgroup IIA: 14 
days

Subgroup IIB: 14 
days

Subgroup IIC: 
14 days

Subgroup IID: 
14 days

Subgroup IIIA: 
21 days

Subgroup IIIB: 
21 days

Subgroup IIIC: 
21days

Subgroup IIID: 
21 days

Subgroup IVA: 
28 days

Subgroup IVB: 
28 days

Subgroup IVC: 
28 days

Subgroup IVD: 
28 days

Figure 5: Spectramax 5 

Figure 4: Prepared samples of the reagents

Graph 1: Effect of staining regents on DPI heat cure denture resin 
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In IVOCLAR, there was no noteworthy change in mean in 
between all the four materials in IVOCLAR group (P = 0.658). 
Analysis of variance (ANOVA) test was used to demonstrate 
the color change values, as dipping time increased, color 
changes became further intensive. All materials showed obvious 
color changes. These results are in agreement with the studies 
previously mentioned.[1,2,15,16] Color changes may be credited to 
excessive residual monomer, heat-polymerized acrylic material 
in tobacco the active reagents of nicotine started staining the 
resins in the 1st week 3.4 and raised as high as absorbance 4.1 
seen in PYRAX, similarly, Group C reagent turmeric also started 
staining from the 1st week absorbance 3.4–4.2 in DPI. It was 
interpreted that DPI and PYRAX were highly color labile and 
got stained easily their absorbance started from observation 

made in the 1st week and their staining continued till 28 days 
giving most unstable and esthetic denture bases, as shown in the 
following Table 4.

DISCUSSION

Acrylic resins are typically used as denture base material in dental 
practice. These are accessible in different forms according to 
the polymerization reaction as heat cure acrylic resin, rapid cure 
auto-polymerizing acrylic resin, light cure resin, and specialized 
form resins used for microwave processing. These materials have 
adequate strength to endure the masticatory forces, maintain the 
dimensional stability, adequate resiliency, biocompatibility, and 
high polish aptitude. Acrylic resins are imperiled to sorption and 
also the process of absorption and adsorption of the material 
and also the media which is in communication. Discoloring of 
the denture base polymers may be triggered by the oxidation 
of the amine accelerator or by the penetration of colored 
solutions. Discoloration of a dental material can be evaluated 
subjectively and using instruments such as spectrophotometer 
and colourimeter.[17]

Spectrophotometers measure OD, which is generally used to 
measure the concentration of bacteria in a suspension. As visible 
light permits through a cell interruption, the light is scattered. 
Greater scatter specifies that additional bacteria or other 
material is present. OD is not a physical density. It is ability of an 
optical component or material to retard the transmission of light 
or any EM wave. There are four diverse groups of acrylic resins 
which have been taken in the study to assess the absorption and 
staining physiognomies. Among the four groups, three groups 
were of heat cure acrylic denture which were the commonly 
used denture base resins processed by the conventional denture 
processing technique these materials were DPI, PYRAX, and 
TREVALON and fourth material was processed by injection 
molding technique (IVOCAP, high impact). Furthermore, 
the efficiency of the study was conducted on standardized disc 
samples in standardized environment. These study samples 
were incubated at 37ºC in an incubator throughout the study. 
This was done to simulate the discoloration in vivo which be 
contingent on the polar properties of the resin molecules and 
mechanism of diffusion that abide by the laws of diffusion. The 
diffusion coefficient for heat cure acrylic resins is 1.08 × 10-12 m/
s2 at 37ºC (oral temperature).

All the four resins used in this study have the similar base 
chemical structures; though, each of them contained small 
quantities of dissimilar cross-linking agents and plasticizers, 
pigments, which may clarify the alterations in staining properties 
(hydrophilicity) of resins. To evaluate the stains of the samples, 
they were leached with hydrogen peroxide 30% w/v. This was done 
to obtain the concentrate of each soiled sample in separate beakers; 
they were then loaded on the spectrophotometer curette for the 
determination of absorbance of each sample. According to Nikawa 
et al., a very high concentration of hydrogen peroxide is not used as 
it might cause hydrolysis and decomposition of denture resin itself. 

Graph 3: Effect of staining regents on TREVALON heat cure denture 
resin

Graph 2: Effect of staining regents on PYRAX heat cure denture resin

Graph 4: Effect of staining regents on IVOCLAR heat cure denture 
resin
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in any of the groups when observed from the 7th day to 28th day. 
The color sorption increased until the 16th day and was stagnant 
there, this might be because of the sorption property of the resins, 
however, and the color variations overtime were not statistically 
noteworthy in any staining solution. There also seemed to be some 
molecular interactions amid colorants and denture polymers that 
resulted in slight discoloration in acrylic resins.[18] The contributing 
factors that subsidize to the changes in color of esthetic restorative 
materials include stain accumulation, anhydration, water sorption, 
leakage, poor bonding and surface roughness, wear or chemical 
degradation, oxidation of the reacted carbon-carbon double 
bonds that produce colored peroxide compounds, and enduring 
development of the colored degradation products.[19,20]

Of all the resins, Ivoclar showed the most color stability 
among the four followed by Trevalon, DPI, and PYRAX. As this 
was an in vitro study of short duration, continuous immersion 
accelerated the study as compared to clinical conditions. In this 
study, turmeric and tobacco were seen to cause maximum staining 
of the samples, followed by tea. The acidic constituent of tobacco 
causes surface erosion of the acrylic which imparts it a rough 
surface morphology.[20] This rough morphology sustains more 
discoloration from the staining solutions. The pH of solutions was 
more toward the alkaline side causing less surface adsorption of the 
stain on denture resins hence reduced discoloration. Similar results 
were confirmed in a study by Crispin and Caputo who emphasized 
that the acidic nature of tea, coffee, and grapes erodes the polished 
surface layer of resin facilitating more stain uptake.[21] Although it 
was not statistically noteworthy, it was observed that the beverage 
tea and chemicals of tobacco caused most intense color alterations 
in the resins of PYRAX. IVOCLAR was found most color stable in 
turmeric, followed by Travelon-HI, DPI, and PYRAX. 

One-way ANOVA analysis of alteration was useful to check 
the equality of means of color change amid the groups (PYRAX, 
DPI, Travelon-HI, and IVOCLAR) related to tea, Coca-Cola, 
turmeric, and tobacco solution. The difference among the groups 
related to three solutions after 7, 14, 21, and 28 days was established 
to be statistically significant because at a confidence level of 95%, 
P value obtained was <0.05. To further delineate the important 
difference among the means of color change between the four 
brands of acrylic resins in tea, Coca-Cola, tobacco, and turmeric 
solution, the Bonferroni (post hoc) test was performed [Table 3]. 
It was interpreted that DPI and PYRAX were highly color labile 
and got stained easily their absorbance started from observation 
made in the 1st week and their staining continued till 28 days giving 
most unstable and esthetic denture bases. In IVOCLAR material, 

Table 4: The maximum stains in the most active reagents and the 
acrylic brand in DPI and PYRAX
DPI Mean Minimum Maximum
TOBACCO 3.9 3.7 4.1

Turmeric 3.8 3.4 4.2

PYRAX Mean Minimum Maximum
TOBACCO 3.9 3.8 4.0

Turmeric 3.9 3.6 4.1

Table 2: Master chart: Values of all subjected groups from the 1st to 4th week of the acrylic samples
Sample Coca-Cola Tobacco Turmeric Tea

1st 
week

2nd 
week

3rd 
week

4th 
week

1st 
week

2nd 
week

3rd 
week

4th 
week

1st 
week

2nd 
week

3rd 
week

4th 
week

1st 
week

2nd 
week

3rd 
week

4th 
week

DPI 3.3 3.3 3.3 3.3 3.7 3.8 4.0 4.1 3.4 3.8 3.9 4.2 3.4 3.5 3.7 3.7

PYRAX 3.2 3.3 3.3 3.3 3.8 3.8 3.9 4.0 3.6 3.7 4.0 4.1 3.6 3.7 3.8 4.0

TREVALON 3.0 3.4 3.4 3.1 3.6 3.7 3.7 3.8 3.5 3.5 3.8 4.0 3.3 3.5 3.5 3.7

IVOCLAR 2.8 3.2 3.2 3.1 2.9 3.5 3.6 3.7 3.1 3.5 3.5 3.5 2.9 3.5 3.6 3.6

Table 3: Depicting acrylic resins with their Mean and SD values 
in different groups namely Coca-Cola, tobacco, turmeric, and tea 
solution
Brand name Group name Mean±SD P-Value 
DPI A (Coca-Cola) 3.3±0.1 0.007

PYRAX A (Coca-Cola) 3.3±0.1 0.001

TREVALON A (Coca-Cola) 3.3±0.2 0.011

IVOCLAR A (Coca-Cola) 3.2±0.2 0.658

DPI B (tobacco) 3.9±0.2 0.007

PYRAX B (tobacco) 3.9±0.1 0.001

TREVALON B (tobacco) 3.7±0.1 0.011

IVOCLAR B (tobacco) 3.4±0.4 0.658 

DPI C (turmeric) 3.8±0.3 0.007

PYRAX C (turmeric) 3.9±0.2 0.001

TREVALON C (turmeric) 3.7±0.2 0.011

IVOCLAR C (turmeric) 3.4±0.2 0.658

DPI D (tea) 3.6±0.2 0.007

PYRAX D (tea) 3.8±0.2 0.001

TREVALON D (tea) 3.5±0.2 0.011

IVOCLAR D (tea) 3.4±0.3 0.658

Moreover, a very less concentration of hydrogen peroxide would 
not have leached the sample adequately. Important color shifts 
occurred in each test group in each staining solution overtime. 
Furthermore, the color shift in different test groups was suggestively 
dissimilar when the magnitudes of color differences within the test 
groups were related in the 7th day and 28th day (P < 0.05). The 
most changes were observed in the staining solutions of tobacco 
and turmeric, significant changes were also seen in tea stained 
samples and the color changes were perceivable by the human eye, 
however, no significant changes were seen in Coca-Cola samples 
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least amount of changes were seen in all the reagents, there were 
no significant changes in all the groups, hence, it can be said that 
it is the most color stable denture base material, hence suggesting 
to be an effective denture base material, it is processed by injection 
molding technique, which results in less residual monomer content, 
in contrast to conventional processing techniques where 7% is ideal 
residual monomer content which is also a key reason for its porosity, 
surface roughness, and possibility of trapping surface reagents and 
these all possibilities are eliminated in the technique and material.

Color change in denture acrylic base resin is significantly 
(P < 0.05) and affected by denture base processing techniques, 
different commercial brands of acrylic used and staining materials. 
One-way ANOVA showed that significant difference was observed 
among all the groups (P < 0.001). It was further confirmed by 
post hoc Turkey test (Dennett test) which stated that significant 
difference was found.

LIMITATIONS

In the present study, the changes in color were examined in a saliva 
and diet free medium. This in vitro study only simulated a clinical 
condition in which many other factors can affect color; thus, it has 
its limitations. 

CONCLUSION

It can be concluded least amount of the residual monomer content 
in the denture after processing least amount of staining in that 
material. As in the present study, IVOCLAR material denture 
was processed through injection molding technique leaving no 
monomer in between the polymer after curing. At the same time, 
patient should be explained the process of cleaning the denture 
regularly after every meal and usage of denture cleanser tablets 
after every 7 days. This will prevent the denture from having an 
unesthetic appearance. 

The staining by the reagents was concluded by 
spectrophotometer in consistently decreasing order like 
Tobacco>Turmeric>Tea>Coca-Cola (P < 0.005) and the 
maximum amount of staining was also seen in DPI and 
PYRAX denture base resins. While, among the resins, the 
changes in their color were seen in the following order as 
DPI>PYRAX>TREVALON>IVOCLAR (P < 0.005).

Scope for further studies

No study can be flawless. In the present study, there is no comparison 
of different materials in injection molding technique and how to 
reduce their cost of production; this can be studied in further studies.
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