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ABSTRACT

Aim: To compare the flexural strengths of two types of
acrylic resins after immersion in three different denture
cleansers, for two different time periods.

Materials and methods: 380 rectangular acrylic resin
specimens (60mm x 20mm x 2mm) were fabricated and
divided into three groups. Group 1 — baseline, ten of each
type of acrylic resin; Group 2 - heat-polymerizing, 180
specimens, and Group 3 - auto-polymerizing, 180 speci-
mens. Random samples of 30 specimens from Groups 2
and 3 were severally immersed in three different liquids:
two denture cleansers i.e. alkaline peroxide- based (Core-
ga) and sodium hypochloride- based (Jik), and tap water.
Immersion time of six hours was taken to represent one
day, hence, three and six months of continuous immer-
sion represent one year and two years realtime, respec-
tively. Flexural strengths were determined before, then
after the three and six month periods. A two-way analysis
of variance (SPSS version 23.00 (IBM USA) determined
any statistical differences between the recorded flexural
strengths.

Results: Sodium hypochloride decreased flexural
strength for both polymethylmethacrylate resins. Water
reduced flexural strength of the heat-polymerizing resin.
The alkaline peroxide cleaner had no impact on flexural
strength.

Conclusion: Flexural strength of heat-polymerizing acryl-
ic resin can be significantly reduced by exposure to den-
ture cleansers.
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INTRODUCTION

Acrylic resins are used in the fabrication of different
types of dental prostheses. These resins are composed
of polymethylmethacrylate (PMMA) or polyethylmethacr-
ylate (PEMA) powder particles, a peroxide initiator, and
pigments which are mixed with methacrylate monomers.’
The material most commonly used is PMMA,? which does
have limitations in terms of flexural strength, a measure of
stiffness and resistance to fracture.®

PMMA resins may be divided into three types, based on
the procedures to be used during processing i.e. heat-
polymerization; dough auto-polymerization and pour-
type auto-polymerization.®* All of these resins have low
strength, are brittle on impact but, are fairly resistant to
fatigue failure and are moderately flexible.® The properties
of the polymer network may be altered by absorption of
water and/or chemical solutions. These alterations include
changes in physical properties such as plasticization and
softening as well as changes in chemical properties such
as oxidation and hydrolysis.® As reviewed by Ferracane,®
the extent of the effect on the polymer network is depend-
ent upon the nature of the aqueous environment as well
as the chemistry and structure of the resin.

During delivery of a dental prosthesis, patients are ad-
vised and given instructions on denture care. Apart from
directions on regular brushing of the dentures, it is gener-
ally recommended that patients immerse the prosthesis
in denture cleansers for variable periods of time.” These
instructions are intended to prolong the longevity of the
prosthesis as well as to ensure the maintenance of a
healthy state of the oral mucosa.?®

Sodium hypochlorides (NaOCI) and the alkaline perox-
ides are the active ingredients in the two main classes of
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denture cleansers.®" Ideally, cleansers have antimicrobial
properties, remove organic and inorganic biofilm, while
having minimal effect on oral tissues."® They should not al-
ter the physical and chemical properties of the acrylic res-
in."213 Paranhos' found that the chemical composition of
cleansers and the immersion time, the contact period be-
tween the denture and the cleanser, play significant roles
in changes in the acrylic resin over time. This study was
undertaken to investigate the effects of denture cleansers
and immersion periods on the flexural strengths of two
different types of acrylic resins.

MATERIALS AND METHODS

(i )Preparation of specimens

Baseplate wax rectangular patterns of dimensions 60mm x
20mm x 2mm were prepared and invested in type Il dental
stone (Dentstone KD®) in metal flasks. After setting, the flask
halves were separated, and the moulds rinsed under boil-
ing water to remove the wax pattern. The heat—polymerized
(Meliodent; Hanau, Germany) and auto-polymerized (Meli-
odent Rapid Repair; Hanau, Germany), specimens were fab-
ricated separately, 190 of each acrylic type. The acrylic resin
was mixed according to the manufacturer’s instructions, was
packed into the stone mould and flasked. After flasking the
heat polymerizing specimens were subjected to in a ther-
mostatically controlled water bath. The auto-polymerizing
specimens were subjected to the process of polymerization
in accord with the manufacturer’s instructions.

(ii) Allocation of specimens

From each acrylic brand, 10 specimens were used to deter-
mine baseline values of flexural strength before immersion.
A calibrated Instron material testing machine (model 3366),
with a 1 KN load cell at a crosshead speed of 0.5mm/min
was used for this determination, based on a three point
bending test (Figure 1). The remaining 180 specimens were
allocated in batches of thirty (30) to three different cleans-
ers (Corega, NaOCI/AJig and water). Using an accelerated
time protocol of six hours of immersion to represent one
day, samples of each specimen type remained immersed
in each cleanser for a period of either three months or six
months, an equivalent of one and two years respectively.
The flexural strengths of specimens (N/mm?) were meas-
ured after the three and six month periods.

(iii) Immersion of specimen in cleansers

Samples of 30 specimens each were immersed separately
in one or other of the three different cleansers viz. the
alkaline peroxide brand (Corega tablets, GlaxoSmithKline),
the sodium hypochloride brand (household bleaching
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Figure 1: Instron testing machine: 3 - point bending test.
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agent, Jik, Unilever), and tap water. The concentrations and
amount of cleansers used were according to manufacturer’s
instructions. The tests were performed at room temperature,
and cleansers were changed periodically to simulate daily
immersion by the patient. Half the specimens remained
immersed in their respective cleansers for three months,
the remainder for six months, hence the procedure involved
twelve Groups (two types of acrylic, three solutions, two time
periods). At the end of the three month and the six month
immersion periods, the Instron material testing machine was
used to measure the flexural strength of each specimen
(Figure 1). A single operator conducted the tests in order to
minimise systematic error.

(iv) Data analysis

Data were collected and prepared in an electronic data-
base for statistical analysis using SPSS version 23.00 (IBM
USA). The effect of the independent variables, the period
of immersion and the type of denture cleansers, on the
flexural strength were determined by a two-way analysis
of variance (ANOVA). Having completed the ANOVA, post
hoc testing was enabled, and in the case of significant
differences, multiple comparisons were undertaken using
Tukey’s HSD test. Hypothesis testing was set at a=0.05.

RESULTS

All groups demonstrated a decrease in flexural strength for
all cleansers and for both immersion periods. Compared
with the baseline values, the effects of Corega and of water
on the flexural strengths of auto-polymerizing acrylic were
almost equal whilst the hypochloride solution exerted amore
dramatic effect resulting in a greater loss of flexural strength
(Figure 2). Further, the difference in flexural strengths from
the three month period to the six month period showed
little change for the Corega and water samples, but there
was a marked continued loss over that period in the flexural
strengths of the sample which had been immersed in the
hypochloride solution (Figure 2).

The heat-polymerizing acrylic samples showed a similar
tendency with the hypochloride solution being seen to
have resulted in much greater loss of structural strength
than was the effect seen with the Corega based sample
(Figure 3). Immersion in water, however, produced a loss
which at the three month period was even greater than that
experienced by the acrylic soaked in hypochloride (Figure 3).

Duration

@ 3 Months
@ 6 Months
@ Baseline
51.00"

46.00

Mean

41.004

36.001

31.00+

T T T
Corega NaoCl Water

Cleanser

Baseline

Figure 2: Flexural strength - auto-polymerising acrylic resin.
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Immersion in the chemical cleansers caused a significantly
greater reduction of flexural strength for auto-polymerizing
acrylic resin compared with the effect on heat-polymerizing
acrylic resin (Corega: p=0.003 and NaoCL: p=0.000) (Stu-
dents t test, significance set at p=0.05, Table 1). All three test
solutions were found to have deleteriously affected flexural
strengths the longer the immersion time, so that measure-
ments of the strengths at the six month period were lower
than at the three month stage (Figures 2 and 3).° Statisti-
cal t test comparison of data related to immersion periods
showed significant differences between the weakening of
auto- and heat-polymerizing acrylics between three and six
months when compared with the baseline data (p=0.008
and 0.002), with the auto-polymerizing sample showing
greater loss (Table 1).

A two-way analysis of variance (ANOVA) between the data
fromthe Groups was conducted to explore theimpact of the
cleansers and the duration of immersion (the independent
variables) on the flexural strengths (the outcome variable).
For both auto-polymerizing and heat-polymerizing acrylic
resins, there was a statistically significant main effect only
for cleansers [F (2,183) =8.588, p=0.000; F (2,183) =8.185,
p=0.000].(Tables 2 and 3). However it was found following
the Tukey HSD posthoc tests that the effect sizes were
small (Partial Eta squared =0.086 and 0.082, Tables 2
and 3) respectively. (Effect size [measured as Partial Eta
squared] is the size of the difference between groups).

Table 1: T-tests for different cleansers and immersion period by resin type

Table 2: ANOVA of flexural strength of auto-polymerization acrylic resin for different cleansers and

immersion periods.

Table 3: ANOVA of flexural strength of heat-polymerizing acrylic resin for different cleansers and
immersion periods.
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Figure 3: Flexural strength - heat-polymerising acrylic resin.

Acrylic resins have different physical and mechanical prop-
erties, hence the marked differences in how they react when
exposed to diverse environments such as water, disinfect-
ants and denture cleansers.?'%"? Repetitive masticatory forc-
es on dentures cause flexural fatigue of the acrylic denture
base. Hence a prosthesis should be fabricated with
denture base material of high flexural strength in or-
der to withstand these loads. The flexural strength
is indicative of the compressive, tensile and shear
strengths, which translates as stiffness and resist-
ance of a material to fracture.® Therefore flexural
strength determines the longevity and success of
a denture.’® To minimise fractures, PMMA resins are
reinforced with fibres, glass and aramid.’®® Similar-
ly, several processing techniques have been intro-
duced to increase fatigue strength.”® The consensus
is that heat-polymerising acrylic resins have superior
flexural strength compared with auto-polymerizing
resins.®? The latter are susceptible to porosities
and deform relatively easily under load, leading to
high rates of fracture.®

remove debris on denture
surfaces, and for individuals
with impaired dexterity the use
of these chemicals is highly
recommended.?"?? Inappropri-
ate choice and use of chemical
cleansers can, however, cause
damage to dentures.?*?* Guid-
ance on the selection of cleanser
is therefore of high importance.

Denture cleansers

The study concluded that both
acrylic resins demonstrated
a decline in flexural strength
when immersed in denture
cleansers. The findings concur
with results from Peracini®
and Pisani”® who observed
that heat-polymerising resins
are more prone to fracture
after having been immersed
in cleansers. The results of
the current study also show
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that auto-polymerising acrylic resins are more adversely
affected by chemical cleaners than heat-polymerising
resin. It is hypothesised that the very high levels of porosity
observed in auto-polymerising resin reduce their flexural
strength and weaken the resin. Other effects of porosity
include compromised aesthetic properties and increased
propensity to harbour and promote growth of Candida in
these dentures. Ultimately inflammation and soreness of
the soft tissues occur underneath the denture.

The study showed that hypochloride cleansers have great-
er detrimental effect on the flexural strength of both types
of acrylic resins than either Corega or water, a finding sup-
ported in the literature.'®'*?* IT has also been shown, how-
ever, that at 0.5% concentration, sodium hypochloride
cleansers cause no structural changes to the dentures,
but do provide clinically effective antibacterial and anti-
fungal properties.'®?® The increase in concentration above
0.5% results in discolouration, denture roughness and
structural weakness.?'? Extended use of low concentra-
tion sodium hypochloride cleansers could possibly pro-
duce similar outcomes as high dosage cleansers. Corega
is effective in the removal of biofilm, but has no significant
effect on the flexural strength of the resins, irrespective of
duration of immersion. Water does not provide chemical
therapeutic advantage,®?® but impacts negatively on the
flexural strength of heat-polymerizing acrylic resin.

CONCLUSION

Given the limitations of this study, it is concluded that den-
ture cleansers have an effect on the flexural strength of
polymethylmethacrylate resins. Specifically, sodium hy-
pochloride cleansers will result in significant reductions
in the flexural strength of acrylic resins after prolonged
exposure. Similarly, this study showed that immersion
of heat-polymerizing acrylic resin in water for six months
weakens the acrylic. Corega remains the most effective
cleanser to use for denture care.

IMPLICATIONS FOR CLINICIANS

Generally patients who receive dentures are advised to keep
the dentures in water for a period of at least six hours or over-
night. However this study has shown that immersion in water
overnight for long durations reduces the flexural strength of
the acrylic resins. Therefore it is important that patients are
advised to refrain from this practice. It is also important, how-
ever, to maintain a moist environment for the dentures when
they are not in use, hence the suggestion that the dentures
must be wrapped in a wet paper towel and not immersed
completely in water when not being worn.

The use of denture cleansers to maintain dentures free
of pathogens may be necessary only after meals and not
require immersion overnight or for long durations. Where
patients elect to immerse dentures in a cleanser, it prefer-
able to use Corega; immersion in water should be done
for shorter periods. Sodium hypochloride cleansers can be
used for cleaning the dentures without extended periods of
immersion in the cleanser. Patients should also be remind-
ed to use a toothbrush to clean the dentures manually.
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