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Ab s t r ac t​
Aim: This study aims to evaluate and compare the effect of using three commercially available denture cleansers on surface color, surface 
roughness, and flexural strength of heat-cured resin.
Materials and methods: A total of 80 rectangular heat-cured acrylic specimens were fabricated and all were immersed in denture cleansers 
over a period of 6 days in which 30 immersions were performed. Then the physical properties of the heat-cured resin were tested using portable 
colorimeter, universal testing machine, and surface analyzer. The paired t test was done to compare the before and after immersion values for 
color, surface roughness, and flexural strength in denture cleansers. The post hoc test was performed to make multiple comparison among 
different groups.
Results: All heat-cured resin bases presented with changes in color, surface roughness, and flexural strength to some extent when immersed 
in all the three denture cleansers. The values of change in color, surface roughness, and flexural strength were higher when immersed in 
Clinsodent as compared to all other groups.
Conclusion: The changes observed in color and surface roughness of all resins samples were within the clinically accepted range while significant 
decrease in flexural strength was seen on immersion in all three denture cleansers; least change was observed with the Secure denture cleanser.
Keywords: Color stability, Denture bases, Denture cleansers, Flexural strength, Surface roughness.
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In t r o d u c t i o n
As age advances, the rate of complete and partial edentulism 
is likewise expanding. In this way, the utilization of removable 
prosthesis has expanded among the older adults, who are 
essential wearers of dentures. Oral health and general well-being 
of the patient is affected by edentulism. The placement of denture 
produces huge changes in the oral environment and adversely 
affects the integrity of the oral tissues. The patient experiences 
reduced chewing efficiency and denture-related oral lesions such 
as angular cheilitis, traumatic ulcer, and denture stomatitis.1

The majority of the patients wearing partial and complete 
denture leaves the dental office with next to no learning about 
cleaning and maintenance of dentures. This happens because of 
inability of the clinicians to teach their patients regarding availability 
and accessibility of various denture-cleaning techniques and aids.

The post-insertion instructions given to the patients are most 
critical for maintaining oral mucosal health and longevity of the 
prosthesis. As we know, the denture surface itself can produce a 
number of favorable changes for the accumulation of bacteria and 
yeast. The intaglio surface of the dentures usually show micropits 
and microporosities, which makes it possible for the yeast to nest.

Therefore, the mechanical methods were employed for 
cleaning the denture but were found to be ineffective in removing 
the microorganisms completely from the denture surface because 
of lack of compliance and poor motor coordination due to age.2 So, 
mechanical methods were utilized in conjugation with magnetic 
stirrers, agitators, sonic vibrators, and ultrasonic devices, yet 
at same time failed to demonstrate total adequacy in cleaning 
dentures.3

This led to use of the chemical cleansers as adjunct to 
mechanical cleaning methods. Chemical cleaners are available 
in form of creams, pastes, gels, solutions, and tablets. They may 
include one or combination of various chemical agents such as 
sodium hypochlorite, enzyme, chlorhexidine, alkaline peroxidase, 
and diluted acids as the immersion medium for denture cleaning.2

But, some chemical agents have been reported to damage 
acrylic resin by altering the surface properties of the acrylic 
resin if used for a longer time without following manufacturer’s 
instructions.4

The prime physical properties affected by the use of denture 
cleansers are the flexural strength of acrylic resin. They result in 
clinical failure of the prosthesis by producing flexural fatigue5 and 
increase the risk of intraoral and extraoral fracture of dentures.

Another important property influenced by use of denture 
cleansers is the surface roughness. It commonly aids in biofilm 
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formation by providing rough irregular areas for retaining the 
debris and microorganisms. Increased surface roughness can make 
removal of the biofilm more difficult.6 Surface color of the prosthesis 
is also affects by use of denture cleansers, disturbing the patient the 
most. It is an indicator of ageing or damage to dental materials. It 
provides information on serviceability of the material.7

This study was undertaken to investigate how different denture 
cleansers with different compositions and immersion times affect 
above-mentioned properties of the heat-cured resin as most of 
them were readily available over the counter. Also to determine the 
most suitable denture cleanser for heat cure-based denture bases. 
The null hypothesis for the current study was that there were no 
effects on physical properties of heat-cured resin bases associated 
with commercial denture cleansers.

Mat e r ia  l s a n d Me t h o d s
In the present study, a total of 80 heat-cured resin samples were 
taken as per statistician’s recommendation and were divided into 
four equal groups. Group I was immersed in distilled water (control 
group). Group II, III, and IV were immersed in three different denture 
cleansers.

The whole study protocol was divided into eight parts:

Preparation of Metal Mold
A metal specimen of dimensions 65.0 × 12.5 × 3.0 mm was 
fabricated by casting according to ADA Specification No. 12.8 Two 
dimples were incorporated on the surface opposite to the test 
surface to facilitate easy removal of the die without fracture of the 
gypsum mold.

Preparation of the Gypsum Mold
Metal dies were invested in a metallic flask face down with type III 
dental stone. After complete setting of dental stone, a thin layer of 
petroleum jelly was applied before investing the die for easy removal. 
At a time, two metal dies were invested in the flask. Later, the flasks 
were opened and the metal dies were carefully removed keeping 
the borders of the mold intact. Traces of petroleum jelly were flushed 
out with hot water and a cold mold seal was applied. The flask was 
then ready for packing. Required numbers of gypsum molds were 
prepared by repeating the above-mentioned procedure.

Preparation of Acrylic Specimens
As per the manufacturer’s instruction, the ratio of 3:1 by volume 
of polymer to monomer is taken. Each flask was painted with a 
layer of cold mold seal and was packed with acrylic in the dough 
stage. During trial closure, flashes were removed. The flasks were 
subjected to pressure in hydraulic press followed by bench cure for 
24 hours. The short curing cycle was performed for acrylization of 
the heat-cured resin that was at 70°C for 60 minutes followed by 
90°C for 30 minutes. The procedure was repeated to fabricate the 
required number of acrylic samples used for the study. The size of 
the specimens were confirmed on the digital vernier caliper.

Finishing and Polishing Procedure
The following procedures were followed in a sequential order:
Step 1: All specimen surfaces were finished to the required 
dimension using tungsten carbide burs of three grits: black, 
followed by green, and then red at 15,000 rpm.
Step 2: The specimens were then placed in the metal specimen 
holder and was sequentially sandpapered in a unidirectional 
motion using three different grits of sandpapers (grit sizes 

40-coarse, 60-medium, 100-fine) till the acrylic specimen of required 
dimension 65.0 × 12.5 × 3 mm was obtained.
Step 3: A slurry of medium-grit pumice mixed in a ratio of 1:1 with 
water was used with 100 mm × 12.5 mm cotton buff for 60 seconds 
at 3,000 rpm on polishing lathe, for polishing. This was repeated 
with fine-grit pumice. The specimens were then polished for 
60 seconds using polishing cakes with separate buffs. All the 
specimens were to be kept in distilled water for 24 hours before 
subjecting them for testing.

Immersion Procedure
The randomly allocated specimens were immersed in beakers 
containing denture cleansers (Clinsodent D1, Fittydent D2, and 
Secure D3) and distilled water (control group). All specimens were 
immersed in such a manner that the surface to be tested faces upward 
making sure that the solutions covers all the specimens. As per the 
manufacturer’s instructions, the denture-cleansing solutions were 
prepared, by dissolving one tablet in 200 mL of warm tap water (40°C). 
The immersion time of 30 minutes for D1, 10 minutes for D2, and 5 
minutes for D3 was instructed. After immersion time was complete, 
the resin specimens were removed and washed thoroughly with 
running water accompanied by drying with an absorbent paper and 
immersion was repeated. Over a period of 6 days, 30 immersions were 
performed simulating 180 days of denture cleanser by the patient. 
Between the immersions, specimens were kept in distilled water at 
room temperature (23 ± 2°C) as the control group.

Color Analysis
The color change was measured by a portable colorimeter (AMTAST 
Colorimeter Color Difference Meter 8 mm, Fig. 1) on the immersed 
side of each specimen. According to the manufacturer’s instruction, 
the supplied white calibration standard was used to calibrate the 
colorimeter. With the use of CIELab color space, color change 
(ΔE) was measured using tristimulus values obtained at several 
wavelengths in visual spectrum. CIELab represents 3D color space, 
which comprises of lightness (L), red green (a), and yellow-blue (b).

The color change values (ΔE) were obtained before and after 
immersion in denture cleanser solution and were calculated by 
using following equation:

∆ ∆ ∆ ∆E = L a b( ) + ( ) + ( )2 2 2

Fig. 1: Color measurement using a portable colorimeter
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To corelate the color difference to the clinical environment, the 
data were quantified by National Bureau of Standards units (NBS) 
through formula:

NBS units 0.92= ×∆E

Surface Roughness Test
To analyze the surface roughness of each rectangular specimen 
before and after immersion procedures, a surface analyzer 
(Mitutoyo South Asia Pvt. Ltd, Fig. 2) was used. Three lines were 
recorded by help of a stylus with a distance of 1 mm between 
them and mean arithmetic roughness Ra was calculated. The Ra was 
used to access surface changes. While ΔRa denoted the difference 
between roughness values obtained before and after immersion 
of specimens in a denture cleanser.

Flexural Strength Test
Universal Testing Machine (Saumya Technocrates, Fig. 3) using a 
three-point bending test was used to measure the flexural strength 
of specimens.

Flexural strength of rectangular specimen =

S = 3PL / 2bd2

Where, P is maximum load, L is distance between the loads, b is 
specimen width, and d is specimen thickness.

The statistical analysis was performed by using one-way ANOVA 
followed by the Tukeys HSD post hoc test to compare mean values 
between more than two groups and the paired t test to compare 
mean values between the two groups. The p value less than 0.05 
was considered as significant at the 95% confidence level.

Re s u lts
Effects of three commercially available denture cleansers 
(Clinsodent, Fittydent, and Secure) were evaluated and compared 
with the control group. There was significant mean difference 
between the groups post-immersion with p value less than 0.001. 
For heat-polymerized acrylic resin, the maximum mean value of 
flexural strength was noticed in control group (100.71 MPa) and 
minimum change was observed in the secure denture cleanser 
(97.72 MPa) and maximum change was observed in the Fittydent 
denture cleanser (72.32 MPa) as seen in Figure 4. The highest mean 
of color change was observed in the Clinsodent denture cleanser 
(56.63 NBS unit) while least change was observed in the Fittydent 
denture cleanser (48.00 NBS units) as seen in Figure 5. With respect 
to surface roughness, the minimum mean value was noticed in 
Fittydent (0.54 μm) while maximum change was observed in the 
Clinsodent denture cleanser (0.71 μm) as in Figure 6.

Fig. 2: Surface roughness measurement using a surface analyzer Fig. 3: Flexural strength measured using a universal testing machine

Fig. 4: Comparison of the flexural strengths of all groups Fig. 5: Comparison of the color change of all groups
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Di s c u s s i o n
The oral prosthesis is provided to replace the lost part and also 
to restore the lost or impaired function due to the missing part 
or organ of the body. To make it more meaningful, the care 
and maintenance of the prosthesis is of paramount importance 
including maintaining hygienic condition.9 Inadequate post-
insertion home care can compromise the clinical longevity of the 
prosthesis fabricated utilizing excellent material and techniques.

Poor denture hygiene is considered to have a strong association 
with oral candidial colonization. In the presence of poor oral 
hygiene, Candida can stick, penetrate, and aggregate with bacterial 
communities. And to accelerate this process of adhesion and 
colonization, surface roughness of denture bases is considered 
to play a key role. Therefore, it is important to look for measures 
that completely remove microorganism from colonizing into the 
denture prosthesis.10

Unfortunately, mechanical methods failed in complete 
removal of microorganisms from dentures. Thus, it is proposed 
that chemical cleansers are more effective and indispensable in 
daily denture care, in which hypochlorites, peroxides, enzymes, 
and acids act as chemical immersion solutions for denture 
cleaning. However, some chemical agents tend to damage acrylic 
resin and metal alloys by corroding or staining these alloys as 
a result of their contact with chlorine or oxygen present in the 
commercial denture cleanser.

Ideally, immersion in the chemical denture cleanser should 
not alter the physical, mechanical, and chemical properties of the 
denture-based acrylic resin. But on contrary, use of these agents 
do result in changes in surface morphology and flexural strength 
of denture resins.11

However, several studies revealed that the physical, mechanical, 
and chemical properties of the acrylic resin are affected by denture 
cleanser.12,13

The primary reason for clinical failure of the prosthesis is 
flexural fatigue of the denture.14 The flexural three-point bending 
test is performed on denture resin because it generates similar 
type of stresses as applied to the denture during mastication.15 As 
reported by various authors,16,17 after complete polymerization 

reaction, some amount of residual polymethyl methacrylate 
monomer content remains, which acts as a plasticizer and reduces 
the interchain forces and yield in early deformation under load 
which result in reduced flexural strength of denture base acrylics.

To remove this residual monomer, Harrison and Huggett17 
recommended use of long water bath cycles with terminal boil as 
it will reduce the levels of the residual monomer by approximately 
three times. For residual monomer elimination, the specimens 
of this study were immersed in distilled water. Also the standard 
acrylization procedure was followed to prepare all acrylic 
specimens.18

Among all the three denture cleansers used, group III showed 
statistically minimal reduction in values of flexural strength in 
comparison to other two groups. Smith et al.19 explained that if 
polymerized acrylic resins are immersed in the immersion medium 
for a longer period, they tend to absorb water continuously which 
act as a plasticizer reducing the strength of the resin. However, in 
the above study group III was immersed for the least immersion 
period of 5 minutes hence producing least reduction in flexural 
strength.

Beyli et al.20 also stated that water sorption by acrylic resin 
resulted in dimensional instability and fatigue of acrylic resin 
leading to crack formation and subsequent fracture of the denture. 
On immersion in Clinsodent, Fittydent, and Secure denture 
cleansers, reduced flexural strength of the heat-cured acrylic resin 
was observed in comparison to distilled water immersion in the 
present study.

The color stability of the prosthesis is the most important factor 
for determining patients’ acceptance for it.21–23 In the present 
study, we have evaluated color change by using the CIEl*a*b* 
colorimeter system.24,25 For the comparison of color and quality 
control parameters, NBS units were used in the study.

In the present study conducted, it was observed that color 
change in the control group (distilled water) showed statistically 
insignificant increase in values the after immersion, similar result 
was found out in group I which were explained by Pinto et al.26 
According to him, that water with repeated sorption and desorption 
cycles produces microcracks, which cause irreversible damage 
to the acrylic resin. This damage occurs in the form of hydrolytic 
degradation of the polymer causing damage to ester linkage and 
weakening the infrastructure of the polymer. Hence creating acrylic 
zones with different optical properties23 that can be esthetically 
undesirable and can be detected visibly.

According to Robinson et al.,27 Saraç et al.,23 and Purnaveja 
et al.,28 it was concluded that the solvent present initially penetrates 
into the intermolecular polymer network and causes expansion 
of the intermolecular spaces due to water sorption in acrylic resin 
materials, facilitating leaching out of the intrinsic pigments and 
penetration of extrinsic colorant in denture cleaning solution which 
can also cause color change. This could be the probable cause that 
the acrylic resin used in the study tends to change color as a result 
of leaching out of the coloring material from the acrylic surface 
with long-term immersion in distilled water. Later opacity of acrylic 
resin occurs as a result of monomer leaching out and water getting 
absorbed on to the surface.29

Whereas among groups II and III, group II showed significantly 
less color change in comparison to group III. Whitening of all acrylic 
resin occurs due to qualitative difference or pH difference of the 
cleaning solution.28 Unlü et al.30 also observed the whitening effect 
of the denture base resin, which tends to occur due to the presence 

Fig. 6: Comparison of change in the surface roughness of all groups
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of deleterious combination of oxidation and strong alkaline solution 
present in the sodium perborate type of denture cleanser.29

The probable cause of color change observed after immersion 
in the denture cleanser was that these contain sodium perborate 
which forms an alkaline peroxide solution of pH ranging from 9 
to 11. Nikawa et al.31,32 stated that reason of damage to denture 
resin when immersed in peroxide-containing denture cleanser 
was increased the peroxide content and the accelerated level of 
oxygenation in highly alkaline solution. They have effervescent 
component such as sodium perborate or sodium bicarbonate, 
which when dissolved in water form alkaline peroxide solution 
that decomposes to produce oxygen that loosens the food debris 
via mechanical means.23,33 Therefore, its use results in hydrolysis 
and decomposition of polymerized acrylic resin itself. This is the 
reason why the sodium perborate denture cleanser exhibits greater 
influence on color stability in comparison to any other type of 
denture cleansers.

Therefore, care must be taken to not expose the denture resin 
to the peroxide-type denture cleanser for a longer period of time 
and should instruct the patient to follow the instructions properly.

To increase the adherence of food debris and microorganisms, 
surface roughness plays a key role as it accelerates the biofilm 
formation by providing retentive areas and makes it difficult to 
remove the biofilm from the denture surface. Surface roughness 
was estimated by value of Ra, which gives the average of peaks and 
depressions on the surface and enables us to evaluate the possibility 
of bacterial adhesion.

Quirynen and Bollen34 also emphasized on importance of 
having the smooth denture surface because having rough surfaces 
attracts bacteria, which will adhere to these surfaces for a long 
period of time making them difficult to be removed by regular 
hygiene methods. Therefore, recommended surface roughness 
should be ≤2 μm. Williams and Lewis35 also supported the fact. 
The cited literature also states use of the smooth acrylic surface 
having roughness of 0.12 μm, which is well below the critical value 
of 2 μm.36

These rough surfaces can be avoided by proper finishing of 
dentures, which involves both abrading and polishing. Finishing 
abrasives advocates use of hard and coarse abrasives to remove 
gross irregularities from the surface, whereas polishing abrasives 
advocated use of finer particle sizes to smoothen surfaces that 
had been roughened by finishing abrasives. Therefore, the sample 
was sandpapered in a unidirectional motion using three different 
grits of sandpapers (grit sizes 40-coarse, 60-medium, 100-fine) 
and polished using a rag wheel and pumice slurry. Bollen et al.37 
reported a positive corelation of the polishing grit to the surface 
roughness of acrylic resin.

As observed by Harrison et al.,38 these chemical‐based denture 
cleansers did not contain abrasive particles. Effervescent peroxide 
or sodium hypochlorite was the main cleansing agents among 
them. The oxygen is released effectively dislodging debris and 
creating a plaque-free surface. Duyck et al.39 stated that reduced 
total bacterial count on acrylic removable dentures results if 
dentures are immersed in denture-cleansing tablets overnight 
rather than denture storage in water overnight.

It was demonstrated that there was significant less reduction in 
the surface roughness values observed before and after immersion 
in group I, where Clinsodent denture cleanser was used as an 
immersion medium. In the current study, it was observed that 
surface roughness values reduced after immersion in denture 

cleansers, which was verified by a study conducted by Garcia et al.40 
who reported reduced surface roughness of acrylic samples when 
immersed in a commercial cleanser due to its inability to completely 
remove pellicle formed on the surface of acrylic.

Peracini et al.41 on the other hand stated that the sodium 
perborate type of denture cleanser did not alter the surface 
roughness of acrylic resin. However, this inferences varies in studies 
that have shorter durations and immersion periods.42,43 Therefore, 
it was concluded that while using alkaline peroxides, the time of 
immersion along with the type of denture base resin used was 
considered important.

There were some limitations to the above study as there was 
only one type of heat-cured denture-based acrylic resin used and 
the parameters like pH of saliva were not simulated as that of normal 
saliva. Also the study did not simulate clinical behaviors as it was 
conducted at room temperature. To overcome this limitation, the 
in vivo study should be conducted in future along with exploring 
other mechanical properties of heat cure-resins as well.

Co n c lu s i o n
Heat-cured acrylic resins specimen on immersion in distilled 
water and denture cleanser tablets for 6 days and 30 immersions 
simulating 180 days of cleanser use by the patient demonstrated 
noticeable change in surface color, surface roughness, and flexural 
strength. The change observed in surface color of all denture 
base resins was within the clinically accepted range and was 
maximum in Secure followed by Fittydent denture cleansers; 
least was seen among Clinsodent denture cleansers. The change 
in surface roughness observed was least in the Fittydent denture 
cleanser while Clinsodent followed by Secure denture cleanser 
showed maximum change in surface roughness values. In regard 
to flexural strength, significant decrease in strength was observed 
with all three denture cleansers with least reduction observed 
among Secure denture cleansers while maximum was seen among 
Clinsodent followed by Fittydent denture cleansers.
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