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Adding denture cleanser to microwave disinfection regimen to reduce the irradiation time and the
exposure of dentures to high temperatures

Background: The microwave energy is an efficient disinfection method; however, it can generate high

temperatures that can result in distortion of the dentures.

objectives: To evaluate whether the addition of an enzymatic cleanser to microwave disinfection regimen

would disinfect dentures with shorter irradiation time.

Materials and methods: Seven resin discs colonized with Candida albicans biofilm were placed on the

palatal surface of sterile dentures to be randomly assigned to the following treatments: immersion in

distilled water for 3 min with 0 (DW), 1 (DW + M1), 2 (DW + M2), or 3 min (DW + M3) of microwave

irradiation; or immersion in denture cleanser for 3 min with 0 (DC), 1 (DC + M1), 2 (DC + M2) or 3 min

(DC + M3) of irradiation. After the treatments, the viable cells were counted by a blinded examiner. The

temperature was measured immediately after irradiation. The data were analyzed by ANOVA and Tukey

post hoc tests (a = 0.05).

Results: No viable cells were found after DC + M2, DC + M3, and DW + M3 treatments, of which DC + M2

achieved the lowest temperature. No significant difference was found between the effectiveness of DW,

DW + M1 and DC treatments (p > 0.05).

Conclusion: Within the limits of this study, the association of a denture cleanser and microwave energy is

efficient to disinfect dentures in lower irradiation time and temperature.
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Introduction

Candida spp. biofilm can accumulate on dentures,

leading to the occurrence of oral candidosis in up to

65% of denture wearers1. Although this pathology

is usually restricted to the local mucosa, immuno-

compromised subjects may present an aggravated

systemic infection, known as candidemia, which

extends the hospitalization time and is associated

with a 40% mortality rate2. Therefore, the pre-

vention and treatment of oral candidosis must be

directed towards controlling the biofilm on the

denture3. Although mechanical brushing is effec-

tive for preventing fungal adhesion by removing

food debris and microorganisms4,5, some patients

do not have the visual acuity or manual dexterity

to perform adequate denture hygiene. This scenario

can lead to biofilm accumulation, and highlights

the need for auxiliary cleaning methods6.

The use of denture cleansers is increasing in the

healthcare market as the main disinfection method

for elderly patients, many of whom may be unable

to brush their dentures effectively because of dis-

ease or dementia7. Denture cleaners, which are

classified into different groups according to their

main components, are generally effervescent tab-

lets that readily form an alkaline peroxide solution

when dissolved in water. This process releases

oxygen bubbles and enzymes for mechanical and

chemical cleaning8. Although denture cleansers are
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able to reduce the biofilm mass when they are used

alone, viable cells are still present on dentures,

which can be a reservoir of microorganisms causing

infection9,10.

Microwave energy has been proposed as a clean

and low-cost disinfection method that can effec-

tively reduce the recurrence of denture stomatitis11

by irradiating the denture for 3 min at 650 W12,13.

However, this procedure causes fast heating of

the water solution in which the dentures are

immersed, achieving high temperatures with only

3 min of irradiation13.When dentures are exposed

to temperatures >71�C, some distortion of the

poly(methylmethacrylate) (PMMA) polymer ma-

trix may occur, due to the relaxation of the internal

stresses acquired during polymerization14,15.

To avoid PMMA distortion, there is a need for a

low microwave irradiation regimen (low exposure

time and low power) capable of disinfecting at a

lower temperature16,17. It was previously proposed

the 450 W power, which is an efficient disinfection

method and achieves lower final temperatures with

3 min of irradiation; however, the final tempera-

ture is still above 71�C16. Therefore, the aim of this

study was to evaluate if the use of a denture

cleanser with a low-power microwave disinfection

regimen would adequately disinfect dentures with

shorter irradiation time and consequently lower

temperatures.

Materials and methods

Experimental design

Poly(methylmethacrylate) (resin discs, on which

Candida albicans biofilm were developed for 72 h,

were placed on the palatal surface of sterile den-

tures. Each denture was randomly assigned to one

of the following disinfection regimens (n = 8 den-

tures each): immersion in distilled water for 3 min

with 0 (DW), 1 (DW + M1), 2 (DW + M2), or

3 min (DW + M3) of 450 W microwave irradia-

tion; or immersion in denture cleanser for 3 min

with 0 (DC), 1 (DC + M1), 2 (DC + M2) or 3 min

(DC + M3) of 450 W microwave irradiation.

After the disinfection treatments, the denture

was removed. The discs were transferred to and

sonicated in a tube containing phosphate buffered

saline (PBS) for disaggregation of the biofilm. The

sonicated solution was serially diluted in PBS and

plated in triplicate on Sabouraud Dextrose Agar

(SDA). The viable cells were counted by a blinded

examiner with a stereomicroscope. The results were

expressed in cells/ml for each denture. After the

microwave irradiation procedures, the final temper-

ature of the solution was measured to evaluate the

temperatures at which the dentures were exposed.

Denture and disc fabrication

Sixty-four denture replicas were made with heat-

polymerizing PMMA resin (Lucitone 550; Dentsply

International Inc., Chicago, IL, USA) in accordance

with the manufacturer’s instructions. These den-

tures had seven niches (11 · 1.5 mm deep) on the

palatal surface to seat the discs during the micro-

wave irradiation assay. After finishing and polish-

ing, the dentures were immersed in distilled water

for 48 h (23 ± 1.0�C) for residual monomer re-

lease18. Next, the dentures were ultrasonically

cleaned for 20 min in an ultrasonic bath (Thornton

T 740; Thornton-Inpec Eletrônica LTDA, Vinhedo,

Brazil) and sterilized with ethylene oxide (ACECIL

Comércio e Esterilização a Óxido de Etileno Ltda,

Campinas, Brazil).

Heat-polymerized PMMA discs (10 · 2 mm)

(Lucitone 550) were made in accordance with the

manufacturer’s instructions. The discs were finished

and polished by using progressively smoother

aluminium oxide papers (grits 320, 400, and 600) in

a horizontal polisher (model APL-4; Arotec, São

Paulo, Brazil). The final roughness was 3.3 ± 0.5 Ra,

checked with a profilometer (Surfcorder SE 1700;

Kozaka Laboratory Ltd., Tokyo, Japan)16. Then, the

discs were immersed in distilled water for residual

monomer release and disinfected in an ultrasonic

bath for 20 min.

Candida albicans biofilm

Stimulated saliva was collected from a single heal-

thy volunteer. The saliva was sterilized by 0.22-lm

membrane filtration (TPP, Trasadingen, Switzer-

land) after clarification by centrifugation at

10 000 g for 10 min at 4�C. Discs were incubated

for 30 min in 1 ml of saliva solution, into a sterile

24-well tissue plate to form an acquired pellicle.

After this period, the discs were removed, washed

twice with sterile PBS, and immediately used in the

biofilm development assay.

Candida albicans ATCC 90028 was aerobically

cultured at 37�C for 24 h on SDA. A loopful of

growth was inoculated into Yeast Nitrogen Base

(YNB) broth (Difco Laboratories, Detroit, MI, USA)

supplemented with 50 mM glucose for analysis of

the disinfection effectiveness. After 18–20 h of

incubation, the cells were washed twice with PBS

and suspended in YNB supplemented with 100 mM

glucose. The cell concentration was ascertained

spectrophotometrically (OD520 gm = 0.250) (Du
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530 Spectrophotometer; Beckman Coulter Inc.,

Brea, CA USA) and was standardized to

1–5 · 107 cells/ml19.

Aliquots of 2.0 ml of standard yeast cell suspen-

sions were transferred into each well containing

one PMMA disc and incubated for 90 min at 37�C
in an orbital shaker (Lab-line Incubator Shaker;

Elliott Bay Laboratory Services, Kenmore, WA,

USA) at 75 rpm for cell adhesion. Each specimen

was washed twice with PBS. Then, 2.0 ml of freshly

prepared YNB supplemented with 100 mM glucose

were added to each well for biofilm development.

The plates were incubated for 72 h at 37�C at

75 rpm, and the medium was renewed every 24 h.

Microwave disinfection assay

After 72 h of biofilm development, seven discs

were distributed among the palatal niches of the 64

sterile dentures. Because a small drop in output

power was verified after the first use of the

microwave oven, before any further use, 1 l of

distilled water was irradiated for 2 min at full

power to warm up the microwave oven (AW-42

model; Continental, Manaus, Brazil)20.

For the dentures not exposed to denture cleans-

er, each denture was immersed for 3 min in a glass

beaker containing 200 ml of distilled water at room

temperature. The beaker was placed in the centre

of the microwave oven and was irradiated at

450 W16 for 1 (DW + M1), 2 (DW + M2), or 3 min

(DW + M3), or received no irradiation (DW).

For the dentures exposed to denture cleanser

treatment, one tablet of alkaline peroxide con-

taining enzyme (Polident 3-min; GlaxoSmithKline,

Philadelphia, PA, USA) was dissolved in 200 ml of

distilled water in a glass beaker at room tempera-

ture. Each denture was immersed immediately in

the solution for 3 min, in accordance with the

manufacturer’s directions. The beaker was placed

in the centre of the microwave oven and was

irradiated at 450 W for 1 (DC + M1), 2 (DC + M2),

or 3 min (DC + M3), or received no irradiation

(DC).

After each disinfection procedure, the denture

was immediately removed and washed twice with

sterile PBS. The seven discs were transferred to a

plastic tube containing 5 ml of sterile PBS. The discs

were sonicated at 7 W for 30 s for disaggregation of

the biofilm16. The sonicated solutions were serially

diluted in PBS, and 20-ll specimens were plated in

triplicate on SDA. The plates were incubated at

37�C under aerobic conditions for 48 h.

The viable cells were counted by a blinded

examiner with a stereomicroscope (Coleman Equipa-

mentos para Laboratórios, Santo André, Brazil), and

the results were expressed in cells/ml for each

denture. The solution temperature was measured

with a digital infrared laser thermometer with

0.1�C of resolution (IP-550; Impac, São Paulo,

Brazil) immediately after the irradiation.

Statistical analysis

All analyses were performed by using SAS software

(SAS Institute Inc., version 9.0, Cary, NC, USA),

with the level of significance fixed at 5%. The

normality of the error distribution and the degree

of nonconstant variance were checked for the re-

sponse variable (visible growth of viable cells and

final temperature). The cell count values were

transformed by logarithm (log10 (v)). The disin-

fection treatments were analysed with one-way

ANOVA. For post- ANOVA comparison, Tukey’s HSD

test was used.

Results

Table 1 shows the viable cell counts and tempera-

tures for dentures microwave irradiated, with or

without the use of denture cleanser, for 0–3 min.

No viable cells were found on dentures irradiated

for 2 min immersed in denture cleanser (DC + M2)

and on both groups irradiated for 3 min (DC + M3

and DW + M3). Microwave irradiation for 2 min

alone (DW + M2) was not effective despite of the

reduction of viable cells (p < 0.05).

The dentures disinfected by denture cleanser,

used alone (DC) or in combination with 1 min

microwave irradiation (DC + M1), showed lower

reduction of number of viable cells than the den-

Table 1 Number of viable cells after the disinfection

treatments and the temperature of solution immediately

after microwave irradiation (mean ± SD; n = 8 dentures

per group).

Disinfection

treatments Viable cells (·105)

Final temperature

(�C)

DW 7.47 ± 1.78 a 21.25 ± 0.05

DC 4.82 ± 1.18 ab 21.24 ± 0.06

DW + M1 4.49 ± 2.99 ab 40.70 ± 0.94

DC + M1 2.64 ± 1.77 b 41.55 ± 0.83

DW + M2 0.10 ± 0.06 c 62.50 ± 1.10

DC + M2 0.00 ± 0.00 d 59.65 ± 1.01

DW + M3 0.00 ± 0.00 d 76.21 ± 2.21

DC + M3 0.00 ± 0.00 d 75.78 ± 1.79

Different letters indicate significant difference between

the disinfection treatments (p < 0.05).
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tures irradiated for 2 min immersed in distilled

water (DW + M2) (p < 0.05).

Only 3 min of microwave irradiation was able to

expose dentures to temperatures above 71�C. No

significant difference was found between distilled

water and denture cleanser solution for final tem-

peratures (p < 0.05).

The use of denture cleanser combined with

microwave irradiation allowed faster disinfection

than the use of microwave irradiation alone

(Fig. 1).

Discussion

Previously, it was reported that microwave disin-

fection can affect the biofilm mass present on

dentures16. Therefore, the present study showed

that the reduction of biofilm caused by the use of

denture cleanser was sufficient to reduce the

irradiation time needed during a microwave disin-

fection procedure. In other words, the synergism

between denture cleanser and microwave disin-

fection enabled an effective disinfection regimen

with only 2 min of irradiation that exposes the

dentures to lower temperatures, which would

avoid distortion of the PMMA resin.

Mechanical cleaning could also be performed to

reduce the number of viable cells before 2 min

microwave irradiation in distilled water in order to

improve its effectiveness4. However, patients

without adequate visual acuity or manual dexterity

to brush their denture6,7 need an auxiliary disin-

fection method to be realized once a day to avoid

biofilm accumulation. Among these methods,

denture cleanser solutions are not an efficient dis-

infection method when used alone9,10 and 3-min of

microwave irradiation at 450 W could be harmful

to dentures due to cumulative distortion on PMMA

caused by the heat13–15. Therefore, the association

of these two methods can reduce their own limi-

tations, generating an efficient protocol that disin-

fects dentures at temperatures below 71�C.

The fungus Candida albicans is the main etiolog-

ical factor of oral candidosis, due to its high viru-

lence and ability to adhere to and colonize on

PMMA surfaces21. Thus, the C. albicans biofilm

growth model used in the present study simulated

in vivo conditions of static biofilm growth found on

the tissue–contacting surface of a denture22, en-

abling the effectiveness evaluation of the disinfec-

tion treatments.

It has been established that 650 W of microwave

irradiation for 3 min is effective for disin-

fection12,23,24; however, its effectiveness may be

related to the fact that water starts to boil after

1.5 min13 Although boiling water is desirable for

sterilization, it exposes the PMMA resin to tem-

peratures close to its glass transition temperature

(Tg 100.4�C), which can distort the denture by

releasing internal stress25. Microwave disinfection

should expose the denture to temperatures <71�C
to avoid any damage to the PMMA14,15. To achieve

lower temperatures, lower irradiation powers have

been proposed to be harmless to the PMMA

resin16,17. At the 3 min exposure time, the 450 and

650 W powers showed the same effectiveness16;

however, even the lower power is still able to

expose the denture to temperatures of >71�C, even

if for a short period (Table 1). Despite the relatively

safety of these regimens, they may cause distortion

of the denture14,15.

Two minutes of irradiation at 65012 or 450 W16

previously was shown to be ineffective at disin-

fection when used alone. In the present study,

microwave irradiation at 450 W for 2 min associ-

ated with the denture cleanser solution produced

an effective disinfection. Similarly, studies have

shown that 2 min of microwave irradiation im-

proves the effectiveness of a commercial denture

cleanser26,27; however, these previous studies did

not identify the irradiation power used, which

influences the temperature of the solution. A

reduction in irradiation time to 2 min12,16,23,24

enabled effective disinfection at temperatures

<71�C, combining both efficiency and efficacy in

the procedure.

Microwave heating is dependent on the proper-

ties of the solution. Microwave energy causes rapid

and intense heating of polar molecules, due to its

selective dielectric heating property. Thus, the

molecules are excited by dipolar polarization and

ionic conduction, which is reflected in the pro-

Figure 1 Comparison of the killing rates of microwave

disinfection with dentures immersed in distilled water or

in denture cleanser.
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duction of heat28. Denture cleansers generally are

composed of citric acid, sodium carbonate, potas-

sium peroxymonosulfate, and sodium perborate

monohydrate29. It is expected that the ions released

in the solution, from the acid and salt dissolution,

experience more heating than distilled water.

However, in the present study, the presence of

charged ions in the solution did not appear to

influence the final temperature, and no difference

from distilled water was observed.

The final temperature also depends on the vol-

ume of solution: solutions with high volumes will

have lower final temperatures than solutions with

low volumes. In this study, 200 ml of distilled

water was used because it is a sufficient volume to

cover a denture completely30, and it is sufficient for

protecting the microwave oven from the excess

energy reflected inside the oven31.

Because dentures may function as reservoirs of

microorganisms to cause infection, the objectives of

disinfecting dentures are to remove the biofilm and

to decontaminate the surface by eliminating all the

microorganisms. Thus, a vital goal of denture

cleaning protocols is to avoid recolonization of the

oral cavity32. Although the present study does not

fully mimic the oral environment (only one Can-

dida species was evaluated) and only one denture

cleanser was tested, we conclude that the combi-

nation of denture cleanser and microwave irradia-

tion is an efficient disinfection protocol in which

the denture is exposed to lower temperature.

Conclusion

The combined use of denture cleanser and low-

power microwave irradiation is an efficient proto-

col to disinfect dentures.
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