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Abstract

The effects of disinfection by microwave irradiation and immersion in peracetic acid on the physical-mechanical 
properties of a microwave-activated acrylic resin were evaluated. Specimens of acrylic resin were divided into a control 
group (specimens not disinfected) and 2 test groups subjected to one disinfection method: microwave irradiation at 
850 W for 1 minute or immersion in 50 mL of 0.2% peracetic acid for 5 minutes. Specimens were submitted to Knoop 
hardness, flexural strength, flexural modulus, Izod impact, water sorption and solubility, glass transition temperature, 
and degree of conversion tests. Microwave disinfection significantly increased the mean Knoop hardness, Izod impact 
strength, water sorption, water solubility and glass transition temperature, whereas the flexural properties remained 
unaffected. Microwave disinfection increased the degree of conversion. Peracetic acid disinfection showed no changes 
in any properties. Both disinfection techniques did not adversely affect the evaluated properties.
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1. Introduction

Complete dentures are colonized and infected by 
microorganisms, forming a denture biofilm and leading 
to oral fungal infection. Candida albicans is commonly 
found in the oral cavity at denture base, changing the oral 
environment by increasing part of the oral microflora[1]. 
The presence of Candida albicans in denture biofilm is a 
major factor in the multifactorial etiology of denture-related 
stomatitis, a common opportunistic infection found in 
denture wearers[2,3].

Poor denture hygiene is associated with denture-related 
stomatitis, as it could lead to fast establishment of a biofilm[4,5]. 
This biofilm could be removed by mechanical methods 
(brushing or ultrasound), chemical methods (soaking in 
chemicals), using a microwave oven or an association of 
different methods[6]. However, a mechanical biofilm removal 
requires a degree of manual dexterity that is often lacking among 
older people[5]. In addition, complete dentures contaminated 
by Candida albicans are a potential source of infection and 
re-infection of the oral soft tissues, and its disinfection has been 
recommended as an adjuvant in the treatment of stomatitis 
and as an essential procedure for maintaining a healthy oral 
mucosa[7,8]. Many protocols for denture disinfection have 
been proposed, including immersion in chemical solutions 
such as glutaraldehyde[9], sodium perborate[10], sodium 
hypochlorite[11,12], chlorhexidine digluconate[7], peracetic 
acid[11,12], and microwave irradiation[7,13]. Ideally, the choice 
of the disinfectant method should be made with regard to 

its effectiveness in inactivating microorganisms without 
detrimental effects on the acrylic resins.

Originally used to polymerize microwave-activated 
acrylic resins[14,15], microwave irradiation has been used for 
post-polymerization treatment[16] and has been shown to disinfect 
effectively[7,17,18]. Different time (3, 5, and 6 minutes) and 
power (650 and 720 W) settings of microwave irradiation have 
been proposed in the literature for denture disinfection[10,19-22]. 
Despite its effectiveness in disinfection, these protocols 
have reached contradictory findings, including deleterious 
effects on some physical and mechanical properties due to 
the material heating during the irradiation, which could 
affect the polymer structure[19-21]. Previous studies suggested 
that the time the acrylic resins are subjected to heat during 
disinfection could be reduced in order to produce adequate 
disinfection without any adverse effects[7,23,24]. Microwave 
exposure time of 1 minute has been found to be effective 
for disinfection against Candida albicans[17,18]. However, 
only the effects on the hardness and flexural strength were 
verified with 1 minute of microwave irradiation exposure 
at high power[22].

Peracetic acid (C2H4O3) has been suggested to be used 
for acrylic resins disinfection[11,12,25], acting even at low 
concentrations with a broad antimicrobial spectrum and 
producing no harmful by products[25,26]. The disinfection 
efficacy of immersion in 0.2% peracetic acid-based 
disinfectant has been shown in the literature, including against 
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 Candida albicans[17,25]. Likewise, immersion in a chemical 
solution may cause water sorption and polymer solubility, 
altering the polymer structure[9]. Despite color stability and 
surface roughness, its effect on the physical-mechanical 
properties of microwave-activated denture base acrylic 
resins have not been evaluated[11,12].

The aim of this study was to investigate the effects of two 
methods of disinfection, microwave irradiation at 840 W for 
1 minute and immersion in 0.2% peracetic acid for 5 minutes, 
on the Knoop hardness, flexural strength, flexural modulus, 
Izod impact, water sorption and solubility, glass transition 
temperature, and degree of conversion of one type of 
microwave-activated denture base acrylic resin. The null 
hypothesis was that microwave irradiation and peracetic 
acid disinfection protocols would not detrimentally affect 
the properties of the material.

2. Materials and Methods

The material selected for this study was a microwave-activated 
denture base acrylic resin (powder: PMMA; liquid: MMA/EDMA) 
(VIPI WAVE; Dental VIPI Ltda., São Paulo, Brazil). 
Rectangular (64.00 × 10.00 × 3.00 ± 0.5 mm) and disc-shaped 
(50.00 × 0.5 ± 0.5 mm) test specimens were produced in 
casts prepared by the investment of stainless steel casts in 
addition silicone, further supported by a type II dental die 
within the flask.

After dental die setting (2 hours), the acrylic resin 
was prepared with a powder-liquid ratio of 2:1 by weight. 
The monomer and then the powder were placed in a 
glass mixing vessel and hand mixed with a spatula until 
homogenization. When the plastic phase was reached, the 
acrylic resin was inserted into the casts.

The flask was packed and pressed with a 500 kg load 
and then instantly opened to remove the excess resin. 
Afterwards, it was kept under 1000-kg pressure for 30 minutes. 
The specimens were submitted to a microwave polymerization 
cycle at 140 W for 20 minutes plus 5 minutes at 420 W. After 
polymerization and flask cooling for 4 hours, the specimens 
were removed and any excess was trimmed with a tungsten 
bur and an aluminum oxide stone bur, as well as polished 
with progressively finer grades (280, 400, 600, 1000) of 
silicon carbide sandpapers.

The accuracy of the specimens’ dimensions was verified 
with a digital caliper. The final polishing was reached by 
using a polishing machine, pumice, and calcium carbonate, 
resulting in a smooth and bright surface. The rectangular 
and disc-shaped specimens were randomly divided into 
one control group and two experimental groups. In the 
control group (CG), the specimens were not disinfected. 
The specimens from the microwave group (MW) were 
immersed in 50 mL of deionized water and irradiated at 
840 W for 1 minute in a microwave oven (MB-315 Ml 
Intellowave; LG Electronics, Manaus, Brazil) to simulate 
the disinfection. The specimens from the peracetic acid 
group (PA) were immersed in 50 mL of 0.2% peracetic acid 
(Sterilife; Lifemed Produtos Médicos Comércio Ltda., São 
Paulo, Brazil) for 5 minutes to simulate the disinfection.

2.1 Knoop hardness

Knoop hardness was measured by using a microhardness 
tester (MICROMET; Bueller, Dusseldorf, Germany). 
Indentations were made under a 25-g load for 10 seconds. 
Five indentations were made on each disc-shaped specimen 
(n=5), one in the center and four 100 µm from the center. 
The average of the five indentations was considered to be 
the specimen’s hardness.

2.2 Flexural strength and flexural modulus

The flexural strength and flexural modulus were tested 
according to ISO 1567[27]. The rectangular specimens (n=10) 
were stored in distilled water at 37 °C for 50 ± 2 hours. 
The three-point bending test was performed with an increasing 
load from 0 N, at a crosshead speed of 5 mm/min (± 1 mm/min).

2.3 Izod impact strength

Thirty rectangular specimens (n=10) were submitted to 
an impact strength test in the Izod configuration, according 
to the specifications of ASTM D256 – Izod impact modified, 
because the specimens were not notched[28]. An impact tester 
(EMIC AIC-1; Equipamentos e Sistemas de Ensaio Ltda., 
São José dos Pinhais, Brazil) was used to measure the impact 
energy required to fracture the specimens.

2.4 Water sorption and solubility

Fifteen disc-shaped specimens (n=5) were used to 
determine the water sorption and solubility according to the 
method described in ISO 1567[27]. Disc-shaped specimens 
were conditioned to a constant mass in a desiccator placed 
in an oven at  37 °C for 24 hours. The specimens were 
weighed and reweighed until the weight loss was not greater 
than 0.0002 g in any 24-hour period. They were immersed in 
50 mL of deionized water at 37 °C for 7 days. Afterwards, 
the specimens were removed from the water, dried with a 
paper towel, weighed, and reconditioned to a constant mass 
in the desiccator.

2.5 Glass transition temperature (Tg)

The glass transition temperature was assessed by using 
the differential scanning calorimetry (DSC) method with a 
calorimeter (DSC-4; Perkin Elmer, Beaconsfield, England). 
The specimens (n=3), weighing approximately 10 mg, were 
contained in aluminum pans and subjected to a temperature 
range of 50 °C to 90 °C at a heating rate of 10 °C or 20 °C 
per minute. The glass transition temperature was determined 
in the second heating cycle.

2.6 Degree of Conversion (DC)

The degree of conversion was measured by micro-Raman 
spectroscopy, one specimen of each group was used (n=1). 
The spectrum peaks of the double bonds between the 
unreacted carbon atoms (C=C) around 1650 cm−1 and the 
C=O bonds around 1750 cm−1 were analyzed. The percentage 
of double bonds was determined based on the peak areas 
in the monomer and polymer spectra.
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2.7 Statistical analysis

The normality of the data was evaluated using the 
Kolmogorov-Smirnov test. The data were statistically 
analyzed with one-way ANOVA and the Tukey post hoc 
test with α=0.05 level of significance. Analyzes were 
performed on SigmaPlot 12.0 Software (Systat Software 
Inc., San Jose, USA).

3. Results

All data are reported on Table 1. The microwave group 
(MW) showed the highest values, differing significantly 
(p<.05) from the control and peracetic acid (PA) groups for 
the following properties: Knoop hardness (24 ± 1 KHN), 
Izod impact strength (129 ± 15 J/m), water sorption 
(8 ± 1 µg/mm3), water solubility (0.2 ± 0.1 µg/mm3), and 
glass transition temperature (109  ± 2 °C). There was no 
significant difference between the control and peracetic acid 
(PA) groups. For flexural strength and flexural modulus, 
there were no significant differences among the 3 groups. 
The microwave group (MW) showed a degree of conversion 
of 92%, versus 88% for the control group and 87% for the 
peracetic acid group (PA).

4. Discussion

This study examined the effects of microwave irradiation 
and peracetic acid disinfection protocols on a denture base 
acrylic resin activated by microwave energy. It is desirable 
for microwave and chemical disinfection to not affect any 
physical–mechanical properties of denture base resins. 
The null hypothesis that microwave irradiation and peracetic 
acid would not detrimentally affect the properties of the 
material was accepted. Knoop hardness, impact strength, 
water sorption, water solubility, glass transition temperature, 
and degree of conversion were improved by microwave 
irradiation, while the peracetic acid disinfection did not affect 
any of the properties. Also, all of the groups fulfilled the 
requirements regarding water sorption (<32 mg/mm3), water 
solubility (<1.6 mg/mm3), flexural strength (>65 MPa), and 
flexural modulus (>2500 MPa), according to ISO 1567[27].

The use of microwave irradiation exposure at high power 
during 1 minute was shown to be effective as a disinfection 
method for dentures with Candida albicans biofilm[17,18], and 
three microwave irradiation cycles (850 W/1 minute) were 
shown to completely sterilize the denture surface[7]. Previous 
studies have shown contradictory results about the effects 

of disinfection by microwave irradiation on properties of 
the acrylic resins. Microwave irradiation (650 W/3 minutes) 
was observed to decrease the Knoop hardness of acrylic 
resin[19]. In the present study, the Knoop hardness significantly 
increased after microwave polymerization, as did the 
Izod impact strength and glass transition temperature. 
Others suggested that the protocol (720 W/5 minutes) 
reduced[20] or did not affect (650 W/3 and 5 minutes) the 
impact strength[19,23]. A protocol of 650 W/3 minutes decreased 
the glass transition temperature of acrylic resin[21]. In this 
study, the flexural strength and flexural modulus did not 
differ significantly in the microwave-disinfected specimens, 
compared with the control specimens. Previous studies 
(650 W/3 minutes, 650 W/1 minute, and 650 W/5 minutes) 
corroborate the flexural strength results[19,22,23]. With a protocol 
of 720 W/5 minutes, another study showed a decrease in 
the flexural modulus[20]. The water sorption and solubility 
of complete denture bases in a previous study (650 W/6 
minutes) showed no significant changes[13]. In the present 
study, both properties significantly decreased after microwave 
disinfection. Conflicts in the literature may be attributed 
to the differences in the disinfection time, power of the 
microwave oven, water volume and types of materials used, 
leading to contradictory conclusions concerning the safety 
of microwave disinfection[20,24].

While the microwave irradiation lasted only 1 minute in 
the present investigation, most of the studies were conducted 
using at least 3 minutes of exposure and showed deleterious 
effects on physical-mechanical properties. This could explain 
the main differences in the results. Reduced microwave 
irradiation time did not cause adverse effects on acrylic resins, 
corroborating with preliminary studies[22,24]. During microwave 
irradiation, the amount of unreacted monomer reduces due 
to further polymerization[10,18], and the residual monomer 
released into water increases[21,22]. The heating generated could 
increase the water sorption, inducing a plasticizing effect 
that may affect the material[13], besides the plasticizing effect 
of residual monomers[14]. All of these mechanisms must be 
considered as factors that can change the physical-mechanical 
properties of the acrylic resins[21].

It could be assumed that, in this study, further 
polymerization and release of residual monomer into water 
may have overcome the detrimental plasticizing effect of 
water uptake and residual monomers on polymeric chains. 
The increased degree of conversion for the microwave group 
(MW) reinforces this assumption, as the supposed lower 
residual monomer content after the further polymerization 

Table 1. Mean and standard deviation values of evaluated properties in control, microwave (MW) and peracetic acid (PA) groups.

Properties Control MW PA F P
Knoop hardness (KHN) 21 ± 1 b 24 ± 1 a 21 ± 1 b 15.000 <.001
Flexural strength (MPa) 93 ± 10 a 93 ± 10 a 96 ± 11 a 0.28 .758
Flexural modulus (MPa) 2551 ± 63 a 2555 ± 68 a 2546 ± 64 a 0.0481 .953
Izod impact strength (J/m) 98 ± 15 b 129 ± 15 a 98 ± 11 b 16.830 <.001
Water sorption (µg/mm3) 25 ± 2 b 8 ± 1 a 25 ± 2 b 160.556 <.001
Water solubility (µg/mm3) 0.8 ± 0.1 b 0.2 ± 0.1 a 0.8 ± 0.1 b 60.000 <.001
Glass transition temperature (°C) 103 ± 2 b 109 ± 2 a 103 ± 2 b 9.000 .016
Different letters in the same line denotes statistically significant difference (one-way ANOVA and Tukey test, p<.05). MW, microwave group; 
PA, peracetic acid group; P, p-value; F, Fisher-Snedecor distribution.
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is the result of a higher degree of conversion[15]. In addition, 
a high degree of conversion results in increased glass 
transition temperature[21].

The effect of 2% peracetic acid disinfection with 30 and 
60 minutes of immersion on the color stability and surface 
roughness of acrylic resins was previously investigated 
and both properties were altered, but without clinical 
significance[11]. When a lower peracetic acid concentration 
(1%) with 30 minutes of immersion was evaluated, it 
did not affect the surface roughness[12]. The acrylic resin 
surfaces roughness is an important property, as an increased 
roughness can promote attachment of microorganisms 
and the colonization of the surface[4]. In the present study, 
disinfection with 0.2% peracetic acid for 5 minutes did not 
affect the evaluated properties. Immersion in disinfectant 
solutions could affect the physical-mechanical properties due 
the sorption of the solution and its plasticizing effect into the 
polymer, and the detrimental effect appears to be time and 
concentration dependent[29]. The low concentration and the 
immersion time of only 5 minutes used in this study could 
explain the findings. Hence, the use of higher concentration 
or immersion time seems to be not justified, as the immersion 
in 0.2% peracetic acid-based disinfectant for 5 minutes has 
been found to be effective against Candida albicans[17].

The results of this study suggest that the evaluated 
disinfectant protocols of microwave irradiation and immersion 
in peracetic acid are shown to be promising in disinfecting 
complete dentures. It is important to remember that the 
results may only partially predict the clinical performance 
of complete dentures. Other properties of acrylic resins 
should be investigated, such as dimensional stability. 
Additionally, further research evaluating the effects of 
cumulative disinfections should be performed.

5. Conclusions

Disinfection of acrylic resin by microwave irradiation 
exposure at high power (850 W) for 1 minute and immersion 
in 0.2% peracetic acid for 5 minutes cause no damage to the 
physical-mechanical properties of the microwave-activated 
denture base acrylic resin. These findings indicate that both 
protocols shown to be safe for disinfection of complete 
dentures maintaining the physical-mechanical properties 
of the acrylic resin.
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