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ABSTRACT

Objective: The aim of the present study was to evaluate the influence, of immersion in different disinfectant solutions, on microhardness 
and surface roughness of a heat-cured acrylic resin. Methods: Specimens were immersed in distilled water, commercial vinegar for 
domestic use, sodium hypochlorite and hydrogen peroxide, for 150 hours or 300 hours (n=10). After periods of immersion, Knoop 
microhardness and surface roughness were evaluated using a microhardness tester and a roughness tester, respectively. The data 
were analyzed using two-way ANOVA and Holm-Sidak, at a level of significance of 5%. Results: The microhardness values ranged 
from 16.90 ± 0.33 to 17.80 ± 0.51 and roughness values from 0.05 ± 0.01 to 0.08 ± 0.02. There is no difference in microhardness 
and roughness between groups and times (p>0.05). Conclusion: Within the limitations of this study, it is possible to conclude that 
vinegar and hydrogen peroxide, as alternative disinfectant solutions for acrylic resin devices, did not promote deleterious effects on 
microhardness and polishing of a heat-cured acrylic resin used for the fabrication of prostheses, neither in the medium term nor the 
long term. 

Indexing terms: Acetic acid. Complete denture. Disinfection. 

RESUMO

Objetivo: Avaliar a influência da imersão em diferentes soluções desinfetantes na microdureza e rugosidade de uma resina acrílica de 
termoativação. Métodos: Corpos de prova de resina acrílica termopolimerizável foram imersos em água destilada, vinagre comercial 
de uso doméstico, hipoclorito de sódio e peróxido de hidrogênio, por períodos de 150 h ou 300 h (n=10). A microdureza Knoop e a 
rugosidade superficial dos corpos de prova foram avaliadas com o uso de microdurômetro e rugosímetro, respectivamente. Os dados 
foram analisados com o teste análise de variância a dois critérios e Holm-Sidak, com nível de significância de 5%. Resultados: Os 
valores de microdureza variaram de 16,90 ± 0,33 a 17,80 ± 0,51 e a rugosidade, de 0,05 ± 0,01a 0,08 ± 0,02. Não houve diferença 
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nos resultados de microdureza e rugosidade entre os grupos e tempos (p>0.05). Conclusão: Dentro das limitações do estudo, é 
possível concluir que a utilização de vinagre ou de peróxido de hidrogênio, como alternativas para a desinfecção de resina acrílica, 
não provocam efeitos deletérios na dureza e no polimento da resina acrílica termoativada utilizada para confecção de próteses, nem 
a médio nem a longo prazo.

Termos de indexação: Ácido acético. Prótese total. Desinfecção.

INTRODUCTION

Denture stomatitis, characterized by inflamed 
and erythematous mucosa that is covered by the 
denture, is the most common form of oral candidiasis [1]. 
Prevalence varies between approximately 20% and 80% 
among complete denture users [2,3]. Despite being a 
multifactorial disease, the colonization of the inner surface 
of the denture by Candida albicans is one of its main 
etiological factors [4]. The contaminated denture acts as a 
reservoir of microorganisms and starts to act as an agent of 
progression, maintenance and recurrence of the disease.

The porous nature of acrylic resins makes it 
difficult to clean them mechanically, as it is ineffective in 
controlling infections in dentures. Therefore, immersion in 
disinfectant solutions has become a procedure adopted to 
supplement the cleaning of prosthetic surfaces [5-7]. Of 
these solutions, glutaraldehyde and sodium hypochlorite 
are the most commonly used [8]. However, these solutions 
possess a number of disadvantages, such as the toxicity 
of glutaraldehyde, corrosive action on metals, irritant 
effect on the skin and the staining of tissue by sodium 
hypochlorite [8,9]. There is, therefore, a need to find 
alternative solutions with disinfecting capacity, without 
affecting the material’s properties.

Vinegar is an easily accessible, low-cost acetic acid 
solution with low toxicity, and proven effectiveness against 
some microorganisms, such as Candida albicans [8,10]. 
This solution is considered to be a promising disinfectant 
in medicine and the food industry [8,11]. However, more 
studies are needed to evaluate the effect of immersion 
in vinegar on the microhardness and roughness of acrylic 
resins. 

Therefore, the aim of the present study was 
to evaluate the influence of immersion in different 
disinfectants on the microhardness and roughness of a 
heat-cured acrylic resin.

METHODS

Eighty heat-cured, acrylic resin specimens 
(Meliodent® Heat Cure, Heraeus Kultzer, Hanau, Germany) 

were fabricated, with dimensions of 2.5 cm x 1.0 cm x 0.4 cm. 
The specimens were polymerized in a metal kiln according to 
the manufacturer’s recommendations. The polymerization 
cycle consisted of heating to 100°C the water in the 
container used for the heat-curing, turning off the flame, 
placing the kiln in water and leaving it for 15 minutes. 
Afterwards, the heat was once again turned on until it 
reached 100°C and the kiln was kept in place for a further 
20 minutes [12]. The microwave remained immersed in 
water until it had cooled to room temperature. After they 
had fully cooled, the specimens were finished and polished 
(Aropol 2v, Arotec, Cotia, Brazil) using 400, 600 and 1200 
grain wet sandpaper and a felt disc impregnated with a 
solution of aluminum oxide (0.5 µm) for 3 minutes with 
each sander and disc. The specimens were divided at 
random into 8 groups according to the disinfectant and 
the length of time immersed (n=10).

Immersion in disinfectant solutions

Each specimen was immersed in 10 mL of distilled 
water (control), vinegar (Gamberoni, Villa Lima, Libertad, 
Uruguay), 1% sodium hypochlorite (Milton solution, 
Iodontosul, Porto Alegre, Brazil) and V10 hydrogen 
peroxide (from a compounding pharmacy). The samples 
were maintained in solution for 150 hours and 300 hours, 
without interruption, in closed containers. None of the 
solutions was replaced during this period. After immersion, 
the specimens were washed in distilled water and dried 
with absorbent paper.

Knoop microhardness

The Knoop microhardness of the specimens was 
obtained using an automatic microhardness tester (HMV-
2, Shimadzu, Quito, Japan) with a load of 25 g, for 10 
seconds. The microhardness values were obtained by 
means of five measurements taken at the surface of each 
specimen. The calculation of the Knoop microhardness 
value was obtained using the following equation (1):
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KHN = [(14228 c) / (d2)]			   (1)

where 14228 is the value of a constant, c is the 
load applied in grams, and d is the length of the longest 
diagonal of the consequent diamond shape, in μm.

Roughness 

The roughness was computed using a roughness 
meter (SJ-201, Mitutoyo, Kanagawa, Japan) in scan mode, 
considering the parameter Ra and the result expressed 
in µm. Five readings were taken for each specimen and 
the final measurement was the arithmetic mean of these 
measurements.

Analysis of results

The normality of the values obtained was tested 
via the Kolmogorov-Smirnov test. The two-way ANOVA 
test was used and, where there was a difference, the 
Holm-Sidak multiple comparison test was applied. The 
level of significance was 5%.

RESULTS

The microhardness results are displayed in table 
1, ranging from 16.9 ± 0.33 to 17.80 ± 0.51. There was 
no statistical significance between the groups and times 
(p=0.52).

For the surface roughness test (table 1), values 
ranged from 0.05 ± 0.01 to 0.08 ± 0.02 µm. There was no 
significant statistical difference between the disinfectant 
solutions and times (p=0.95).

DISCUSSION

The immersion of acrylic resin prosthetic appliances 
in solutions can be performed using a homemade 
disinfection procedure. However, these disinfectants 
interfere with the properties of the polymer material 
[13,14]. With this in mind, the present study evaluated 
the influence of immersion in different disinfectants on 
the microhardness and roughness of a heat-cured resin. 
These properties, after immersion in vinegar and hydrogen 
peroxide, were no different from distilled water, used as 
the control, and sodium hypochlorite, which is regarded as 
the paradigm in disinfection. 

The immersion of the acrylic resin for 150 and 
300 hours simulates five minutes a day in contact with 
disinfectant for periods of five and ten years, respectively. 
Considering that the immersion was continuous, the 
challenge is harder than that promoted by intermittent 
exposure. Five years equates to the period of use 
recommended for an acrylic resin denture and ten years 
represents the extrapolation of the period of use [14]. Thus, 
the acrylic resin properties were retained after immersion 
in disinfectant solutions in the present study, for a period 
of time corresponding to the useful life of the dentures. 
Among various other aspects, such as occlusion and the 
condition of the patient’s residual ridge, the properties 
of acrylic resin have a direct impact on the useful life of 
the denture, since adaptation and contamination are 
aspects that are relevant to longevity and are linked to the 
material’s performance [15]. 

A variety of active agents have been used for 
the chemical disinfection of the denture base. Sodium 
hypochlorite is a solution used as the gold standard due 
to its comprehensive effectiveness. Nevertheless, it does 

Table 1.	Knoop microhardness and roughness in micrometers (mean ± standard deviation) of the acrylic resin after two periods of immersion in different 

solutions. 

Solutions
Microhardness Surface roughness

             150 h             300 h           150 h            300 h

Distilled water 17.50 ± 0.62Aa 17.40 ± 0.69Aa 0.06 ± 0.02Aa 0.07 ± 0.04Aa

Vinegar 17.80 ± 0.42Aa 17.40 ± 0.48Aa 0.06 ± 0.02Aa 0.06 ± 0.01Aa

Sodium hypochlorite 17.80 ± 0.51Aa 17.20 ± 0.46Aa 0.08 ± 0.02Aa 0.08 ± 0.01Aa

Hydrogen peroxide 17.20 ± 0.35Aa 16.90 ± 0.33Aa 0.05 ± 0.01Aa 0.05 ± 0.01Aa

Note: Values followed by different lower case letters on the same line demonstrate a statistically significant difference (p<0.05). Uppercase letters in the same column are 

statistically different from one another (p<0.05).
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possess undesirable side effects such as corrosive action 
on metals, the staining of the dentures and an irritant 
effect on the skin [8,9]. Hydrogen peroxide, on the other 
hand, possesses antimicrobial action on account of its 
alkaline characteristics [16]. Harmful effects of color 
change and reduced flexural strength may occur with the 
use of hydrogen peroxide [17]. Finally, vinegar is an easily 
accessible, low-cost solution whose effectiveness against 
Candida albicans, Streptococcus mutans, Staphylococcus 
aureus, Escherichia coli and Bacillus subtili is well-established 
[8,10]. With regard to C. albicans, the main organism 
involved in denture stomatitis, vinegar was no different 
from sodium hypochlorite and chlorhexidine, and 
outperformed sodium perborate based tablets [9]. Being 
an acid, its action is promoted by the dissolution of lime 
deposits and protein denaturation [10].

Immersion in solutions may result in the material 
dissolving, caused by polymer degradation [13]. Polymer 
exposure to a solution results in hydrolytic degradation 
arising from the chemical interaction between the solution 
and the organic matrix in the free spaces between the 
chains in the polymer system [13,14]. Moreover, the active 
agents could result in accelerated chemical degradation 
[18]. However, as observed in a previous study [7], agents 
with acidic and alkaline action did not result in an alteration 
superior to that of the hydrolytic solution. This can be 
explained, in the case of hydrogen peroxide, by the limited 
diffusion of the hydroxyl radicals [17].

The effect of the degradation of the polymer matrix 
is initially noted through the increase in surface roughness 
[19-21], which facilitates the colonization of microbes [4]. 
In the present study, immersion in disinfectant solutions 
did not result in an increase in roughness, as observed in 
previous studies [23,24]. Moreover, in the present study, 
roughness after immersion, over the different periods of 
time, did not exceed the threshold of 0.2 µm, which is the 
tolerable limit for preventing Candida albicans adhesion 
[24,25]. The roughness of acrylic resin after immersion 
in vinegar or oxygenated water, whether for 150 or 300 
hours, showed no difference in comparison with immersion 
in distilled water or sodium hypochlorite for the same time 
periods, remaining at values below 0.2 µm.

In addition to the relation with disinfectant 
solutions, the mechanical and rheological properties 
depend on the density of the cross-links of the polymer 
material. The polymer matrix varies according to the type 
and composition of the acrylic resin, and may contain 

pigments, cross-linking agents, load and fibers [26]. 
Heat-curable acrylic resin with a cross-linking agent, as 
used in the present study, favored the maintenance of 
microhardness and polishing. 

Within the limitations of the study, it may be 
concluded that the use of vinegar or hydrogen peroxide, 
as alternative agents for disinfecting acrylic resin, does not 
cause harmful effects on hardness or on the polishing of 
heat-cured acrylic resin used in the fabrication of dentures, 
neither in the medium term nor the long term.
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