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Introduction: The lack of proper denture hygiene may cause denture stomatitis and be detrimental to older adults’ health. The cleaning of 
complete dentures should be quick, efficient, and easy to perform, although it might not guarantee disinfection. The use of a microwave 
oven has been suggested for aiding in the disinfection of complete dentures, but lacks a gold standard protocol.   Objectives: To critically 
review the literature on protocols for complete denture disinfection using conventional microwave ovens. Methods: A comprehensive 
literature search through PubMed Central, Cochrane Database of Systematic Reviews, and Ovid MEDLINE (R) In-Process focused on 
publications in English dealing with microwave therapy for denture disinfection, and on the protocols used. Results: A total of 266 arti-
cles with the full-text available were found; 31 were included in this manuscript after 236 were excluded. The protocols for microwave 
oven use for disinfection of complete dentures varied in terms of oven potency, time used for microwaving, and solution in which the 
complete dentures were immersed. Conclusions: There is still no standardized protocol for microwave oven use for denture disinfection. 
Although underutilized in residential care, daily denture hygiene seems to still be the optimal method for controlling fungal infections 
and denture stomatitis.
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Introduction

Oral health represents a structural and functional aspect of 
general health in which minimal intervention can lead to 
maximum benefit, particularly among those older than 65 
(MacEntee et al., 1997). Despite advances in health and 
societal living conditions, older adults may still experience 
comorbidities, impairment, and disabilities with impact on their 
wellbeing (Monahan and Wolf, 2014). For some of the older 
adults residing in long-term care facilities and nursing homes 
(Huynh et al., 2017), impairment and disabilities may greatly 
impact the dexterity needed to perform the proper cleaning of 
teeth and dentures (Jokstrad et al., 1996), further contributing 
to opportunistic oral mucosal infections, fungi proliferation, 
and discomfort. Although some older adults try to cope and 
adapt to such discomfort (Brondani, 2010), long-term care 
residents may hold a widespread dissatisfaction with dental 
care while experiencing a high prevalence of oral neglect.  

Denture stomatitis, oral hygiene, and fungi in 
the mouth 
The mouth harbors a plethora of bacteria and fungi that, 
in most cases, are in harmony with the host. Among these, 
various species of Candida fungi can be found in the mouth 
without causing any disturbance (Deepa et al., 2014; Costerton 
et al., 1999). However, Candida is one of the most common 
fungal species associated with denture stomatitis (DS), a 
mucosal inflammation of a multifactorial nature under the 
denture, associated with several local and systemic factors 
(Aoun and Cassia, 2016; Shi et al., 2016); DS can be fairly 
common among individuals living in nursing care facilities 
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and remains a chronic condition in the elderly. Although an 
array of factors can be associated with DS, including allergic 
reaction to the denture material, uninterrupted denture wear, 
or even ill-fitting dentures (Aoun and Cassia, 2016; Shi et 
al., 2016), poor oral and denture hygiene remain highly 
implicated in the development of denture stomatitis (Nicol 
et al., 2007; Webb et al., 1998). In particular, the Candida 
albicans species plays a significant role in the initiation and 
progress of DS (Barbeau et al., 2003). In some cases, systemic 
infection can occur as patients with stomatitis can have their 
entire digestive tract colonized by Candida, making them more 
prone to aspiration pneumonia, which can be fatal (Studer et 
al., 2016; Mortenson et al., 2013). Unfortunately, however, 
Candida infection is often associated with other microorganism 
growth that may also aggravate some of the chronic conditions 
experienced by a number of older adults, drastically decreasing 
their quality of life (Lamont and Jenkinson, 2000). Therefore, 
daily denture cleaning and oral hygiene should be optimized 
to provide a stable oral environment.  Oral care should also 
be able to be performed quickly and fairly easy by patients 
and/or their caregivers (Brondani et al., 2012a; Lewis et al., 
2015). Daily hygiene of the mouth should also be financially 
viable, and include the cleaning of dentures with a toothbrush 
and liquid soap, and removal of the dentures overnight. For 
severe and persistent Candida infections, denture cleaning 
should be complemented by an antifungal and antimicrobial 
agent aimed at disinfection1 (Webb et al., 1998). Although 

1The term ‘disinfection’ (and sterilization interchangeably) was used to 
signify killing of microorganism on a surface after cleaning. Disinfec-
tion per se does not necessarily remove microorganisms physically 
from the surfaces, but can further lower the risk of spreading infection.
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these methods are proven to be highly effective for oral hy-
giene, they remain underutilized in long-term care facilities 
and nursing homes in particular (Yoon et al, 2018; Le et al., 
2012; Bonetti et al., 2015), despite oral hygiene being one of 
the three pillars of the oral health service delivery model for 
institutionalized elders (Thorne et al., 2001). Hence, when 
done inappropriately, or worse - not at all, denture care may 
not be sufficient to control the growth of microorganisms 
such as fungi (Blankenship and Mitchell, 2006). Moreover, 
using a toothbrush with toothpaste may scratch the surface 
of the dentures, further enabling the adherence of fungi and 
other microflora on the surface of the denture (Dovigo et al., 
2009; Cross et al., 1999). 

The utilization of other methods for cleaning and, if 
necessary, disinfecting dentures and controlling denture 
stomatitis have been suggested. Among these alternative 
methods, conventional household (kitchen type) microwave 
ovens have been employed for over 30 years (Brondani 
et al., 2012). The microwave oven in use today was first 
available commercially in 1946 in the USA and mass 
produced for domestic use starting in 1962 in Japan 
(Davis, 2016).

Microwaves are a form of high-frequency electro-
magnetic radiation. It is believed that microwave ir-
radiation either leads to cell death by altering the cell 
structure and its membrane permeability caused by the 
heat generated upon the organic matter (Campanha et 
al., 2005;  Campanha et al., 2007; Yeo et al., 1999), 
or leads to cell destruction via an interaction between 
the electromagnetic field produced by the microwaves 
and the cell molecules (Hiti et al., 2001; Watanabe et 
al., 2007). 

Studies have shown that the use of microwaves 
does not induce resistance toward fungi or other mi-
croorganisms on the surface of the denture (Al-Saadi 
2014; Thomas and Webb, 1995). de Campos and col-
leagues (2009) also argued that microwave irradiation 
does not alter the color or smell of dentures, although 
it cannot be used if the dental appliance contains metal 
component because of the potential for damaging the 
microwave magnetron. 

The use of microwaves for denture fabrication has 
also been discussed (Consani et al., 2008; Pavan et 
al., 2005; Goncalves et al., 2006; Ribeiro et al., 2008; 
Seo et al., 2007).

While microwave irradiation for disinfecting acrylic 
dentures was first suggested by Rohrer and Bulard in 
1985, there is no agreed upon standardized protocol for 
microwave oven use in denture cleaning and disinfection. 
A review was published in 2010 on this topic (Brondani et 
al., 2012b), but given newly available information, there 
was a need to update such a review to now focus on the 
protocols used for disinfecting dentures using microwave 
ovens. This manuscript aims to present a comprehensive 
and updated critical literature review on the advantages 
and disadvantages of, and protocols used for, conventional 
microwave ovens to promote denture disinfection. 

Methods

A comprehensive and updated literature search on the 
protocols for conventional microwave use for den-

ture disinfection was performed, while exploring the 
advantages and disadvantage of microwave oven use 
for such an application. The search focused on studies 
involving the use of conventional microwave ovens on 
complete dentures designed for studies in vivo (worn by 
patients) and in vitro (complete dentures/acrylic speci-
mens for laboratorial testing). The main focus of this 
manuscript was on individuals living in nursing homes 
because of the implication of the lack of oral hygiene 
towards general health. However, key words used were 
not limited to older adults, the elderly, or seniors so 
that other age groups could be included as the findings 
would still be applicable to older adults. The keywords 
[(‘microwave’) AND (‘acrylic resin’ OR ‘denture’) AND 
‘protocol’ AND (‘candida’ OR ‘fungi’) AND (‘clean’)] 
were used in combination with the following search-
ing engines: PubMed Central (1970 to August 2017), 
Cochrane Database of Systematic Reviews (Issue from 
the 2nd Quarter of 2017), and Ovid MEDLINE(R) In-
Process (1966 to August 2017), published in English 
only. Given the breadth of the keywords used, the word 
‘microwave’ also captured radiation and polymerization 
of the acrylic resin, for example, while ‘acrylic resin’ 
and ‘denture’ were broad enough to capture complete 
denture, denture base, and dental appliances as the em-
phasis of this review. The publications found in each of 
the three search engines were limited to those containing 
the word ‘disinfection’ in the title, abstract or text given 
the objectives of this review. In terms of the protocols, 
the authors summarised their key features pertaining to 
the brand model and MHz of the microwave, special 
characteristics of the microwave, type of the solution 
in which the acrylic resin (e.g., complete dentures or 
acrylic specimens) was immersed, and amount of time 
used in each protocol.

The above mentioned search engines offer a slightly 
different way to search and select the publications. 
PubMed Central, for example, offers ‘limits’ as to the 
language of publication (English, French, etc.), avail-
ability of the publication (abstract, free full text, etc.), 
and also offers a ‘search builder’ for one or more key-
words. Hence, there is a high probability that the same 
publication appeared in more than one search engine 
and had to be eliminated. Although the literature was 
searched systematically, this manuscript does not present 
a systematic review, given that there was no Patient, 
Intervention, Comparison, and Outcome (PICO) ques-
tion. Only manuscripts with the full text published in 
English were considered. 

Results

The combined search using the keywords above on the 
three search engines led to 266 publications (after 34 
duplicates were eliminated). These 266 publications were 
trimmed down to 57 that contained the word ‘disinfec-
tion’. Twenty-six papers were then excluded as they were 
related solely to the laboratorial process of fabricating 
dentures using microwaves (e.g., microwave-cured acrylic 
resins), but not using microwaves for disinfecting den-
tures. The 31 remaining manuscripts were read fully by 
the two authors and are presented in Table 1. 
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From those studies that specified the microwave oven 
models and characteristics, 7 used 2450 Mhz models, 8 
had a maximum potency of 1250 Watts, 18 had a turn-
table, and 27 used microwave models as presented by 
the manufacturer and were unmodified. 

As per the use of the microwave oven on dentures, 
20 studies immersed the dentures under water, 6 kept 

them dry, 2 used both dry and wet conditions, while 
3 studies did not specify if the dentures were or not 
kept dry or immersed under water or any other solu-
tion. There was a substantial variation in terms of the 
power level and the time used to microwave the acrylic 
dentures (Table 1).     

Study investigators Acrylic resin* Microorganism Protocol  

Microwave Oven
brand

Microwave 
Oven

characteristic

Solution
immersedγ

Watts/time    

Sanborn et al., 1982 Plastic tissue 
culture vessels

Gram -, 
Gram +, 

Bacteria, viruses

Kenmore, 
2450Mhz

Turntable Dry 650w, 3min

Rohrer & Bulard, 1985 Denture C.albicans 
Aerobe and 

anaerobe bacteria

Toshiba,
2450 MHz

3-dimen-
tional rotating 

device

Dry 720w, 8 and 10 
min

Najdovski et al., 1991 Infected waste Vegetative 
Bacteria    
(Spores)

2 different brands, 
both 2450 MHz

UMD Not 
specified   

650w, 5min
1400w, 20min

Webb, 1996 Patients’ 
dentures

C. albicans
S. gordani

Sharp N.603, 
2450MHz

UMD Water 350w,10min

Webb et al., 1998 Dentures C. albicans 
S. gordani 

Sharp N.603, 
2450MHz 

UMD, 
Turntable

Dry 350w, 6min
650w, 2min

Baysan et al., 1998 Sheets of 
Molloplast-b 

C. albicans 
S. aureus

Sharp (R-
8270b/W/P)

UMD, 
Turntable

Dry 650w, 5 min 

Dixon et al., 1999 Specimens of 
acrylic resin

C. albicans Model R-2A52, 
Sharp, 60 Hz

UMD, 
Turntable

Dry, Water 15 min, high 
power

5 min, high 
power

Kansu et al., 1999 Specimens of 
acrylic resin 

S. aureus
E. coli

C. albicans
S. mutans

Vestel-Goldstar, 
2450MHz

UMD, 
Turntable

Water

Water

500w, 15 min 

500w, 3 min 
(C.albicans only)

Banting & Hill, 2001 Patients’ 
dentures

C. albicans Non-specific brand
850 W 

UMD Not 
specified

850w, 1 min 

Neppelenbroek, 2003 Specimens of 
acrylic resin

S. aureus
P. aeruginosa
C. albicans
B. subtilis

Non-specific brand UMD, 
Turntable

Water 650w, 6 min

Mima et al., 2004 Tokuso Rebase 
Specimen 

C. albicans,
S. aureus,

P. aeruginosa
B. subtilis

Non-specific brand UMD, 
Turntable

Dry, Water 550w, 4 min 

Webb et al., 2005 Patients’ 
dentures

C. albicans
Aerobic bacteria

Sharp N.603 M, 
NEC corporation 

UMD, 
Turntable

Dry 350w, 10 min 

Neppelenbroke et al., 2005 Patients’ 
dentures

Different C. 
species

Non-specific brand UMD, 
Turntable

Water 650w, 6 min

Silva et al., 2006 Denture C. albicans
S. aureus
B. subtilis

Non-specific brand UMD, 
Turntable

Water 650w, 6 min

Campanha et al., 2007 Denture C. albicans Sensor Grisp38
1250W

UMD, 
Turntable

Water 650w, 6 min

Mese et al., 2007 Specimens of 
acrylic resin

C. albicans Vestel, Pekel Co., 
Turkey

UMD, 
Turntable

Dry 650w, 5 min

Table 1. Manuscripts reporting investigations of microwaves to disinfect dentures.

table 1 continued overleaf...
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...table 1 continued

Sanitá et al., 2007 Denture Different C 
species from 
HIV patients

Non-specific brand UMD, Turn-
table

Water 650w, 3 min

Mima et al., 2008 Specimens of 
acrylic resin

C. albicans
P. aeruoginosa

S. aureus
B. subtilis

Sensor Grisp38
1250W

N/A Water 650w, 3 min  
650w, 2 min       
(C. albicans 

only)

Silva et al., 2008 Denture Different C 
species 

Non-specific brand N/A Water 650w, 3  min

Kim et al., 2008 Simulated 
denture

C. albicans M.M209E, LG, 
South Korea

N/A Not speci-
fied 

Power not men-
tioned, 4 min

Buergers et al., 2008 Soft denture 
relining circular 

specimens

C. albicans KOG-6Do7. 
Germany Daewoo 
Butzbach, 800w, 

2450 Mhz

UMD Water 800w, 6 min

Neppelenbroek, 2008 Patients’ 
dentures

Different C 
species

Sensor Grisp38 
1250W

UMD Water 650w, 6 min

Vergani et al., 2008 Patients’ 
dentures

Different C 
species and other 
microorganisms 

Non-specific brand UMWatts/
time    D

Water 650w, 3 min

Dovigo et al., 2009 Denture S. aureus
P. aeruginosa

B. subtilis

Sensor Grisp38 
1250W

UMD, Turn-
table

Water 650w, 3 and 5 
min

Sanitá et al., 2009 Denture Different C 
species from 
HIV patients

Sensor Grisp38 
1250W

UMD, Turn-
table 

Water 650w, 3 min

Ribeiro et et al., 2009 Patient’s 
dentures

Different C 
species S. 

mutans and other 
non-identified 

microorganisms

Sensor Grisp38 
1250W

UMD, Turn-
table 

Water 650w, 2 and 3 
min

Machado et al., 2011 Specimens of 
acrylic resin

Different C. 
species

Non-specific brand UMD Water 650w, 6 min

Senna et al., 2012 Denture + speci-
mens of acrylic 

resin

C. albicans Continental AW-42 UMD Water 450, 630 and  
900 W at 1, 2 or 

3 min each

Vasconcelos et al., 2013 Specimens of 
acrylic resin

N/A Eletrolux UMD, Turn-
table 

Water 1300 W at a 
potency of 50%, 

3 min

Silva M et al., 2013 Denture Different C. 
species

Non-specific brand UMD Water 650w, 3 min

Senna et al., 2013 Denture + speci-
mens of acrylic 

resin

C. albicans Continental AW-42 UMD, Turn-
table 

Water 450w, 3 min

* Included patients’ dentures, flasks of acrylic resin, and dentures fabricated just for a study.
γ Any modification made on the microwave that was not specified by the manufacture. UMD – Unmodified domestic oven. N/A 
– Not Available
g Solution in which the dentures were immersed in when placed into the microwave oven. When non-immersed, it was as-
sumed to be placed dry. 
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Discussion

Contrary to recommendations from dental and allied 
professionals, many individuals wearing dentures (either 
partial or complete) do not remove the appliances at 
night, and as a result, denture-bearing tissues do not get a 
chance to rest or receive the benefits associated with the 
properties of the antibacterial agents naturally present in 
saliva. Hence, Candida and other fungal species rapidly 
thrive on the surfaces of dental appliances that are not 
cleaned properly or that are in constant, and almost per-
manent, contact with the moist oral mucosa (Perezous et 
al., 2005). Microwaving the dentures may then emerge 
as an alternative method for disinfection when compared 
to soaking dentures in sodium hypochlorite (Sanita et al., 
2009) or chlorhexidine (Oliveira et al., 2008). However, 
there is no agreed upon, or standardized, protocol for the 
use of microwave ovens for complete denture disinfection. 

Exploring the protocols 
Table 1 shows the 31 studies identified by our literature 
search, and exemplifies the lack of standardization, or of an 
acceptable protocol that could be used as a gold standard 
for denture disinfection. As the risk of re-infection of the 
oral mucosa and denture surface is significantly reduced 
with the use of a microwave oven, albeit not eliminated, 
studies used potencies ranging from 350W to 1400W, and 
with exposure times varying from 1 to 20 minutes. A 650W 
potency was used in 21 studies, while 450W potency was 
used in 4 studies. Lack of standardization also occurred 
in terms of the solution used to immerse the dentures in 
during the microwave irradiation, with 71% of the studies 
immersing the denture under water while 25% kept them 
dry, with or without a water container close by; 4% of 
the studies did not specify if any solution was used. Mi-
crowaves lead water molecules, which are polar, to align 
with a magnetic field that oscillates and constantly changes 
orientation, causing the water molecules to spin and generate 
heat; water also provides additional mass in the microwave 
oven that will absorb the radiation in ‘competition’ with 
the denture. Some studies (Burns et al., 1990; Rosentritt 
et al., 2008) have reported that microwaves do not appear 
to cause detrimental dimensional and structural changes in 
the denture acrylic, while other studies claim the opposite 
(Fleck et al., 2007; Pavan et al., 2005). 

Sterilization and disinfection of the denture acrylic is 
believed to happen as the water uniformly transfers heat 
throughout the surfaces of the denture, either immersed in 
water (Dixon et al., 1999) or placed close to a container with 
water (Hamouda and Ahmed, 2010). Pelczar and colleagues 
(1993) have also suggested the use of sodium hypochlorite 
to facilitate sterilization of acrylic in vitro, but the impact 
of using such substances in the dentures that will be worn 
by patients remains unknown.

Microwaves are also believed to eliminate the growth of 
yeast, which may further prevent the recurrence of denture 
stomatitis (Thomas and Webb, 1995; Burns et al., 1990), 
although these results have not yet been fully confirmed. 
The effect of microwaves in disinfecting the denture’s 
acrylic surface seems to be irrefutable, yet the time required 
to adequately do so remains arbitrary, as shown in Table 
1 and as reported in various studies (Keskin and Kansu, 
1999; Webb et al., 1998; Polyzios et al., 1995). 

The lack of a gold standard protocol for microwave 
use for denture disinfection may also reflect the com-
plexity and dynamism of the oral biofilm at individual 
levels; a protocol that may work in one case, may not be 
as effective in another but more experimental research, 
either conducted in laboratories or in the field, is needed. 
None of the studies seemed to unravel the frequency to 
which microwave irradiation can be used to disinfect 
complete dentures, the extent to which denture stomati-
tis can be controlled and prevented, and the impact of 
microwave radiation on the mucosal oral biofilm over 
time. More importantly, it remains unclear as to whether 
or not microwaves alone would replace regular denture 
hygiene, or if they would work as an adjunct to it after 
the denture has been properly cleaned. In fact, daily 
hygiene remains ideal for denture cleaning in any cir-
cumstance, but there seems to exist no discussion as to 
whether or not the former replaces the later procedure. 
What is well known is the appalling lack of oral hygiene 
of older adults living in long-term care facilities (Mac-
Entee et al., 1999), despite efforts to educate both staff 
and residents (Brondani et al., 2012). Nonetheless, we 
would like to encourage educational institutions around 
the world to critically consider the use of microwave to 
disinfecting complete dentures when teaching oral and 
denture hygiene. 

Conclusions 

This updated comprehensive literature search on the use of 
conventional microwave therapy for denture disinfection 
showed that there is still no established protocol; a firm 
protocol working as a gold standard might be difficult 
to attain given the variety of factors influencing the ef-
fectiveness of microwave use on denture disinfection and 
sterilization. Although underutilized in residential care, 
daily denture hygiene seems to still be the optimal method 
for controlling fungal infections and denture stomatitis.
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