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Abstract:

Background: Use of alkaline peroxide denture cleanser with
different temperature of water could cause a change in surface
hardness of the acrylic denture and also has a bleaching effect.
The purpose of the study was to determine the effect of increased
water content during thermal cycling of hot water-treated acrylic
on the surface hardness of acrylic denture base when compared to
warm water treated acrylic. And to compare the bleaching effect of
alkaline peroxide solution on the acrylic denture base on hot water
and warm water treated acrylic.

and Methods: Forty (10 mm x
10 mm X 2.5 mm) were prepared. After the calculation of the initial

Materials samples
hardness 40 samples, each was randomly assigned to two groups.
Group A: 20 samples were immersed in 250 ml of warm distilled
water at 40°C with alkaline peroxide tablet. Group B: 20 samples
were immersed in 250 ml of hot distilled water at 100°C with
alkaline peroxide tablet. The surface hardness of each test sample
was obtained using the digital hardness testing machine recording
the Rockwell hardness number before the beginning of the soaking
cycles and after completion of 30 soak cycles and compared.
Values were analyzed using paired t-test. Five samples from the
Group A and five samples from Group B were put side by side and
photographed using a Nikon D 40 digital SLR Camera and the
photographs were examined visually to assess the change in color.
Results: Acrylic samples immersed in hot water showed a
statistically significant decrease of 5.8% in surface hardness. And
those immersed in warm water showed a statistically insignificant
increase of 0.67% in surface hardness. Samples from the two groups
showed clinically insignificant difference in color when compared
to each other on examination of the photographs.

Conclusion: Thermocycling of the acrylic resin at different water
bath temperature at 40°C and 100°C showed significant changes in
the surface hardness.
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Introduction

Resins are the most commonly used material in dentistry due
to their satisfactory results."” In human mouth dentures as an
indwelling medical device, prepare an optimal environment
for adhesion and multiplication of both pathogenic and non-
pathogenic organisms. The wide use of removable dentures
has caused a sharp increase in denture-related soft tissue
infections.** The rate at which deposits accumulate on dentures
may vary between individuals and can be affected by factors
such as saliva composition, dietary intake, surface texture,
and porosity of the denture base material, duration for which
the dentures are worn, and the denture-cleansing regimen
adopted by the wearer. Management of these denture-related
infections is challenging, and infected dentures generally
need to be cleaned and disinfected. Several disinfectants have
been suggested for the disinfection of such dentures. The best
disinfectant should fulfill most of the requirements of the ideal
agent will not cause any kind of alteration in the structural and
mechanical properties the denture.>

The combination of mechanical and chemical methods seems
to be the best choice for denture cleaning."””

In choosing a disinfectant for dental prostheses, one should
be aware of possible adverse effect of the disinfecting material.

In the oral cavity, moisture contamination and thermal
variation facilitate the absorption of water.”'° Absorbed water
can act as a plasticizer and affect the mechanical properties of
the material causing reduction in the hardness of the denture.'
Hence, the possible effect of water absorption and thermal
cycling on the hardness of the acrylic resin surface also must
be considered.

Absorption of water is markedly increased at high temperatures,
which causes the acrylic surface to be supersaturated with water
during cooling of the specimen. The water absorption and
thermal effects may combine to cause the acrylic to form zones
with different optical properties. This phenomenon is distinct
from crazing of acrylic, where definite cracking occurs."

It has been shown that when patients use hot water with
alkaline peroxide tablets to clean their acrylic dentures, the
dentures take on a bleached appearance as these cleansers
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contain alkaline detergents and oxygen releasing compounds
(such as sodium perborate or percarbonate).'>* Due to an
extensive surface degradation of the acrylic, there is a marked
reduction in the physical properties like hardness of the acrylic
resulting from the plasticizing effect of absorbed water."!

Though various studies have proved that denture cleansers
cause color changes and alterations in the physical properties
of acrylic resins, however, few studies have investigated the
influence on mechanical properties of acrylic denture base
surfaces. Furthermore, there is a lack of literature regarding
the long-term effect of denture cleansers used with water at
high temperature on the mechanical properties of the acrylic
resin. Therefore, this in vitro study was undertaken to assess the
difference in the hardness of heat-cure acrylic resin immersed
in water at different temperatures along with dispersed
disinfectant tablet.

Aims and objectives

The present study was undertaken to fulfill the following

objectives:

1. Todetermine and compare the long-term effect of the water
bath with alkaline peroxide denture cleanser tablet on the
surface hardness of acrylic denture base after thermocycling
at two different temperatures.

2. To compare the long-term effect of the water bath with
alkaline peroxide denture cleanser on the color changes of
acrylic denture base after thermocycling at two different
temperatures.

Materials and Methods

A total of 40 heat cure acrylic (LUCITONE' 199-Dentspl”
Trubyte-NEWYORK) samples of the dimension 10 mm x
10 mm x 2.5 mm were fabricated to test the effects of water
immersion and heat on surface hardness. All the samples are of
astandard thickness 0f 2.5 mm to mimic the clinical conditions.
The standard length and width of 10 mm were kept according
to the specifications for testing on the Rockwell hardness tester
(Model RASN, FUEL Instruments and Engineers Pvt. Ltd).

To achieve acrylic samples of standardized dimensions ten
customized stainless steel metal dies of dimension 10 mm x
10 mm x 2.5 mm were fabricated at Central Institute of Plastic
Engineering and Technology, Bhopal. This was done to ensure
that all acrylic resin samples had same dimensions (Figure 1).

Preparation of acrylic samples

The lower member of the universal dental flask was filled with
dental stone, and all the 10 dies were placed on the wet stone
maintaining enough distance between each other. After setting
of the stone, a thin layer of petroleum jelly was applied all over
the set plaster as well as the dies. The counter of the flask was
then poured with dental stone under vibration and finally the
lid was placed over the counter and the entire assembly was
secured using a dental clamp. After the dental stone had set

according to manufactures instructions plus 10-15 min, the
flask was opened, and the dies were gently teased out. The
mold spaces thus created were packed with conventional
heat-cure acrylic resin LUCITONE' 199 (Dentsply Trubyte)
using a mixture of monomer and polymer in the ratio of 21 g
(32 cc)/10 ml by weight. The trial closures were carried out
using the hydropress and cellophane sheets until no flash was
obtained. Later, the flask was clamped and left for 30 min.
before curing. Curing was done in the digitally controlled
acryliser (Apex Dental Equipments Ltd. India) using a long
curing cycle of 9 h at 73°C and a half hour of terminal boiling
temperature at 100°C. To avoid distortions, the clamped
flask was bench cooled at room temperature for 30 min.
Then immersed in cool water (16-27°C) for 15 min before
deflasking. After deflasking the samples were recovered, and
excess acrylic in all of the samples was trimmed away using a
tungsten carbide bur. The samples were then subsequently
finished using 200 grit sand papers 79 mounted on a mandrill,
with a micromotor at 2000 rpm for 2 min (Figure 2).

Testing of the samples
Surface hardness measurements were made for all samples
with a digital Rockwell hardness tester ([Model RASN],

Figure 2: Prepared acrylic specimen.
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Manufactured by FUEL Instruments and Engineers Pvt. Ltd.).
Rockwell hardness tests consist of forcing an indentor (Ball)
into the surface of a test piece with two loads (Figure 3).

Pre immersion testing

All the samples were first numbered from 1 to 40 before
subjecting them to the hardness test. A V4 inch diameter ball
indenter and with a load of 60 kg force was used for testing. **
Indentation hardness number was calculated for each sample,
and the values generated were tabulated thus forming the
control group.

Preparation of samples for experimental Group A and Group B:
After the calculation of the Rockwell hardness of the 40 samples,
they were divided into two groups of 20 samples each.

Experimental Group A: 20 samples (Sample No. 1 to Sample
No. 20)

Experimental Group B: 20 samples (Sample No. 21 to Sample
No. 40)

Group A samples were immersed in 250 ml of warm deionized
distilled water at 40°C. Alkaline peroxide (Clanden tablet 85
DENT AIDS - New Delhi, India) used for cleaning dentures
was also added to this water bath. The water in the bath was
changed after every 24 h, and fresh water at 40°C was poured in
with fresh clanden tablet. This cycle was repeated for 30 days.

Group B samples were immersed in 250 ml of hot deionized
distilled water at 100°C. Alkaline peroxide (Clanden tablet 85)
used for cleaning dentures was also added to this water bath.
The water in the bath was changed after every 24 h, and fresh
water at 100°C was poured in with fresh clanden tablet. This
cycle was repeated for 30 days.

Post immersion testing
All the samples from Group A and B were evaluated for surface
hardness after the completion of 30 soak cycles using rock well
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hardness tester (modle RASN) values. All the tests were carried
out at room temperature and under standardized machine
conditions. The pre and post hardness valve of Group A and
Group B are shown in Tables 1 and 2.

Color alteration

Five samples from the Experimental Group A (immersed in
warm water) and five samples from the Experimental Group B
(immersed in hot water) were selected randomly and were
put side by side and photographed using a camera:(Nikon D
40 digital SLR Camera with attached close-up lenses 1, 2, 3.

Table 1: Pre and post Rockwell hardness number for Group A.

Sample number Pre RHN Post RHN
1 132.3 128
2 131.2 132.8
3 130.1 131.1
4 132.2 137
§ 131.7 128.5
6 128.1 132.7
7 131 127
8 126 125.9
9 131.2 135.5
10 126.2 129.2
11 132.3 129
12 131.2 132.9
13 129.7 131.1
14 132.2 136.9
15 131.7 128.5
16 128.4 132.7
17 131.1 127
18 126 1254
19 131.2 136
20 125.2 129.2
Mean 129.95 130.82

Table 2: Pre and post Rockwell hardness number for Group B.

Sample number Pre RHN Post RHN
21 129.2 115.5
22 130.3 115.8
23 132.8 122
24 130.2 127
25 130.7 1215
26 127 110.8
27 135.14 118.5
28 134.3 120.8
29 126.6 130.1
30 130.7 121.1
31 129.2 127.5
32 130.3 128.8
33 132.8 118
34 127 121.8
35 135.14 120.5
36 130.3 122.8
37 126.6 136.1
38 130.7 126.1
39 130.7 118
40 127 ISSYS)
Mean 130.334 122.76
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ASA 400, film sharpness 3008*2000 fine, Auto mode). The
photographs were examined visually for the color changes.

Results
Percentage change in mean hardness was calculated using
following formula.

9% Change in Mean Hardness = Mean (Post RHN Data)— Mean
(Pre RHN Data)x 100/Mean Value (Pre RHN Data)

Itis observed that the mean reduction in hardness of the acrylic
specimens — Samples 21-40 following treatment with Hot
water (100°C) was 5.8%. The treatment of samples in Warm
water (40°C), samples 1-20, on the other hand, showed a slight
increase in hardness, which was 0.67%.

A paired t-test was applied for intra-group statistical analysis.
Digital-software - SPSS 20.0 is used for the analysis of the data.
The comparison of groups and their statistical significance is
shown in Table 3.

For the experimental Group A, the difference in
mean is —7.57 with a t-value of 1.17. However, since
the probability is 0.258 (>0.05), the results are not
statistically significant.

For the experimental Group B, the difference in mean
was 9.045 with a t value of 4.15. The results are extremely
statistically significant since the P = 0.001.

Discussion

During clinical use, denture base resin materials in the oral
cavity are exposed to thermal changes and saliva, therefore
during denture storage they are soaked in water or an aqueous
cleansing solution. As a result of this immersion, water or saliva
may be absorbed by the denture base resins."*

Acrylic denture bases absorb relatively small amounts of water
when placed in an aqueous environment. This water exerts a
significant effect on the mechanical and dimensional properties
of the polymer. Although the absorption is facilitated by the
polarity of polymethyl methacrylate molecules, a diffusion
mechanism is primarily responsible for the ingress of water.
The introduction of water molecules within the polymerized
mass produces two important effects. First, it causes a slight
expansion of the polymerized mass. Second, water molecules
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interfere with the entanglement of polymer chains and thereby
15,16

act as plasticizers.
This water absorption along with the change in temperature
of the environment in which the denture base is may cause
degradation of the denture polymers."”

Mechanical properties of the acrylic resin are affected by the
heat and water sorption due to the changes in polymer chains
which in turn soften the denture.'® on the other hand some
studies showed a gradual increase in surface hardness of some
denture base resins after water immersion.'*

Thisimprovement in the hardness property has been attributed
in part to leaching of the residual monomer from the resin as
the residual monomer may adversely affect the mechanical
properties of denture base resins by having a plasticizing
effect."” This rate of diffusion of monomer out of the resin into
water decreases progressively.'*

A routine denture cleaning regimen which includes the
mechanical and chemical cleansing is also a very important
part of the denture use and maintenance to remove and prevent
reaccumulation of microbial plaque and also to remove mucin,
food debris, calculus, and exogenous discoloration.

Alkaline peroxides cleansers which are used in this study
when dissolved in water converts into hydrogen peroxide
reduces the surface tension, and effervescent oxygen helps
in mechanical cleaning which are more effective over a long
period of immersion.

According to some studies, prolonged immersion of heat or
chemically cured acrylic resin in peroxide cleansers did not
affect the surface of the acrylic resins.

According to some studies, prolonged immersion of heat or
chemically cured acrylic resin in peroxide cleansers did not
affect the surface of the acrylic resins. However, when these
alkaline are regularly used may change the color of the denture
due their bleaching action.''® Conversely there are some
other studies which state that the major factor responsible for
whitening is a high temperature of water in which the dentures
are soaked, irrespective of the presence of the denture cleaning

agent.'”"’

Table 3: Paired t-test.

Group Pre-treatment SD Post-treatment SD Mean T value P value
(mean) mean difference Significance
Group A 129.95 2.41 130.82 3.62 0.87 1.17 0.258
P>0.05 (NS)
Group B 130.334 2.70 122.76 6.65 -7.574 4.15 0.001
P<0.05 (S)
IN'S: Not significant, S: Significant, SD: Standard deviation
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Previous studies have measured hardness using a variety
of shaped indentors (e.g.,, Rockwell and Vickers hardness
measurement systems) and loading conditions subjecting the
acrylicsamples to thermal cycling at different temperatures.'#*
There have also been a lot of studies regarding the effect of
different denture cleansers on the mechanical properties of
the acrylic surfaces.>®'>*' In this study it has been observed
that when the acrylic samples were repeatedly immersed in hot
water at 100°C along with alkaline peroxide denture cleanser
tablet for a period of 30 days there was a significant reduction
of 5.8% in the surface hardness of acrylic and a slight increase
of 0.67% in the surface hardness when immersed in warm
water at 40°C. These results are in correlation with the results
of similar studies conducted earlier by Devlin and Kaushik"'
and Goiato et al.** Color changes are measured objectively
using a spectrophotometer where the standardization cannot
be achieved. Visual changes in the color are more easily
appreciated than a measurable value.

This study concludes that the hot alkaline peroxide solution
caused a water supersaturation of the acrylic surface, resulted
in a clinically insignificant surface whitening of acrylic.
Peracini et al.”” concluded with similar findings in his study.
Study done by Unli ef al."” found that clinically significant
whitening effect of regular use of denture cleansers is seen on
auto polymerized acrylic resin and not on the heat polymerized
resin denture bases. But studies conducted by Goiato et al.**
and Polyzois et al*® have found clinically significant changes
in the gloss and color of denture base acrylic after long-term
immersion in disinfectant.

The resemblance between the whitening of acrylic due to
long-term water immersion and crazing is, at present, poorly
understood. Solvents such as chloroform readily cause
crazing of acrylic but not whitening or opacity of the surface.
High residual monomer content does affect the mechanical
properties of acrylic by acting as a plasticizer, but there is
no evidence that it contributes to whitening of the acrylic
surface.'2%7

Hence, the possible effect of thermal cycling and denture
cleansers on the acrylic resins may influence the performance
of the acrylic prostheses.'

Conclusion

The study concludes:

1. Acrylic samples immersed in hot water showed a small but
statistically significant decrease of 5.8% in surface hardness.

2. Acrylic samples immersed in warm water showed a slight
but statistically insignificant increase of 0.67% in surface
hardness.

3. Samples immersed in hot water showed clinically
insignificant color change when compared to samples
immersed in warm water on examination of the photographs.
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