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Abstract

Objectives: Dental practice contains the use of instruments and multiuse items that should be sterilized
or disinfected properly. The aim of the current study was to investigate the effect of microwave
irradiation on dental stone cast disinfection in moist and dry condition.

Materials and Methods: In this in vitro study, 76 stone casts were prepared by a sterile method. The
casts were contaminated by Pseudomonas aeruginosa (ATCC 9027), Staphylococcus aureus (ATCC 6538),
Enterococcus faecalis (ATCC 29212) as well as Candida albicans (ATCC 10231). Half the samples were
dried for two hours and the other half was studied while still moist. The samples were irradiated by a
household microwave at 600 W for 3, 5 and 7 minutes. The microorganisms on the samples were
extracted by immersion in tryptic soy broth and .001 ml of that was cultured in nutrient agar media,
incubated overnight and counted and recorded as colony forming unit per milliliter (CFU/mL).

Results: The findings showed that microorganisms reduced to 4.87 logarithm of CFU/mL value on dental
cast within seven minutes in comparison with positive control. Although microbial count reduction was
observed as a result of exposure time increase, comparison between moist and dried samples showed
no significant difference.

Conclusions: Seven-minute microwave irradiation at 600 W can effectively reduce the microbial load of
dental stone casts. Wetting the casts does not seem to alter the efficacy of irradiation.
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Introduction

In prosthodontics, many instruments and
multiuse items are used that are not easily
sterilized or disinfected, including prostheses,
impressions and especially stone casts (1) All
impressions, cast models and prostheses
should be properly disinfected before being
sent to the prosthetic laboratory as well as
when they are sent back to the dental office.
Dental casts could be contaminated while
impressions are not disinfected by the
technician or clinician or within fabricating or
trying the prosthesis in laboratory and clinic for
several times (1-3).

In order to reduce microbial contamination
in the clinic and dental laboratory, several
methods have been recommended. Any ideal
disinfection method should preserve the
physical and my mechanical properties of the
materials in addition to bactericidal properties
(4). The most used disinfection processes are
chemical methods including immersion of the
contaminated objects in sodium hypochlorite
(5,6). However, the efficacy of this method on
microorganisms has not been able to fulfill all
disinfection requirements (4,7,8) and microbial
transmission requires blockage by a practical,
easy and effective disinfection or sterilization
procedures. Moreover, in practice,
contaminated gypsum casts are not possible to
disinfect chemically. Therefore, microwave
irradiation whose efficacy in sterilization of
some contaminated objects has been revealed
(9), is recommended as a practical physical
sterilization method (10). In 1985, the
technology was applied to the sterilization of
dental appliances (11) and since then, it has
been used in several studies for disinfecting
acrylic resins (12) and removable dentures (13-
15), due to its non-toxic, easy and repeatable
procedure.

Since the microwave irradiation has been
suggested for gypsum casts disinfecting, there
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are used in this context. Disinfection was
reported by different irradiation techniques
from one or two dry phase (10,16-19) to
irradiation of the cast immersed in waterlS,
within different times from 319 to 1018
minutes and applying different energy levels
from 650 to 900 watts (W) (10,16-19). More
studies have shown that applied lower levels of
energy are safer for strength and accuracy of
casts, than high levels and boiling the stone
cast during the irradiation (17,19-23).
Nevertheless, there are few studies about the
efficiency of microwave disinfection with the
safe qualification and it still is not known if the
humidity of cast can enhance disinfection
efficiency as has been shown in other studies
(24-26) without immersion of the cast in water
and boiling it by microwave.

In order to establish a practical protocol for
disinfecting dental casts by microwave
irradiation and considering the various reports
in  microwave disinfection efficiency, more
research on this field seems to be necessary.
Thus, the primarily purpose of the current
study was to determine the effect of the
household microwave irradiation at 600W on
disinfection of dental casts. Moreover, in this
study the effects of the humidity on
disinfection of dental stone casts were tested.

Methods and Materials
Sample preparation

Based on the pilot study, five samples were
studied in each group of this laboratory study.
By pouring silicon molds of full dental arch in a
sterile method 76 stone casts were prepared,
using type Il dental stone (Elite Model,
Zhermack, Italy) mixed with sterile distilled
water in appropriate powder-water ratio
according to manufacturer’s instructions. All
casts were cut transversely by a sterile plaster
knife prior to final setting of the gypsum. The
casts were removed from the molds
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approximately 45 minutes after pouring and
broken into two equal halves and kept in sterile
bags.

Microbial contamination

The samples were randomly divided into
four groups and each group was separately
immersed into a Tryptic Soy Broth (TSB) with
1.5x108 CFU/ml of Pseudomonas aeruginosa
(ATCC 9027), Staphylococcus aureus (ATCC
6538), Enterococcus faecalis (ATCC 29212) or
Candida  albicans  (ATCC  10231) (all
microorganisms  purchased from Pasteur
institute, Iran). Half of the samples in each
group were randomly selected and were dried
for two hour in incubator at 32°C before
irradiation. The other half was irradiated while
they were still moist. Eight moist samples and
eight dried ones were not put through
contamination and irradiation procedures and
were used as negative controls.

Microwave irradiation

Both moist and dried samples of each test
group were irradiated in a microwave oven
(Samsung PG3210 China), set at 600 W and
2450 MHz frequency, for 3, 5 or 7 minutes
(Figure 1). From contaminated samples eight
moist and eight dried ones were not irradiated
and used as positive controls.

Microbiological studies

After irradiation procedure, all of the
samples were individually immersed in 100 ml
TSB. The containers were carefully shacked for
releasing of attached microorganism and 0.001
ml of the solution was separately transferred to
5 plates containing trypticase soy agar (TSA) by
an agitator (Figure 2). The plates were
incubated for 24 hours at 35°C. Thereafter,
colony forming unit per milliliter (CFU/mL) was
counted.

Figure 2: Looped end agitator was used to transfer 0.001 ml of contaminated TSB for culturing to plated

TSA
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Statistical analysis

One-way ANOVA with post-hoc LSD test was
used to compare mean CFU/mL in groups and
Student’s t-test was applied to determine
difference between the moist and dried
samples. The data analysis was performed
using SPSS 15 software (Chicago, IL) and a P
value of less than 0.05 was considered
statistically significant.

Results

Comparing CFU/mL values of the positive
control grip[ with those of the case groups after
microwave irradiation showed, 2.77 to 4.87
logarithm (log) reduction for S. aureus in moist
and C. albicans in dry samples with three- and
seven-minute irradiation time respectively
(Table 1).

Viable counts (CFU/mL)

Log reduction

Sample groups Positive Test (mean)
control
3 minutes 7 minutes 3 minutes 7minutes
Dried casts  E faecalis 9.32x10° s "
3x10 8x10 3.49 4.07
L4 7 3 3
. 1.26x10 9.8x10 1.2x 10 3.11 4.02
aeruginosa
S aureus 6 3 )
7.16x10 9x10 2x10 2.90 4.55
C albicans 3 2x10?
1.48x107 1.2x10 4.09 4.87
Moist casts  E faecalis 9.32x10° 3.4x103 8x10? 3.44 4.07
P 1.26x107 1.26x10* 1.2x103 3 4.02
aeruginosa
S aureus 7.16x10° 1.22x10* 2.6x103 2.77 3.44
C albicans 1.48x10’ 2.2x103 8x102 3.83 4.27

Table 1: Log reduction on viable counts after microwave irradiation of moist and dried casts in two

irradiation times

Tables 2 and 3 demonstrate the microbial
count reduction on moist and dried samples in
different irradiation times. Although these
results indicate that increasing the irradiation
time would reduce the microbial count on dried
samples, only S. aureus showed significant
reduction and P. aeruginosa until 5 min.

Al
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Moreover, the microbial count on moist
samples was significantly reduced by increasing
the exposure time from three to five minutes;
except for E. faecalis that was significantly
reduced after five minutes and C. albicans
whose reduction was not significant by
increasing the irradiation time.
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Viable counts (CFU/mL)
Log reduction
Sample groups Positive Test (mean)
control
3 minutes 7 minutes 3 minutes 7minutes
. . 6
Dried casts  E faecalis 9.32x10 3x103 8x102 3.49 4.07
P . 1.26x10’ 9.8x103 1.2x 103 3.11 4.02
aeruginosa
S aureus 7.16x10° 9x10° 2x10? 2.90 4.55
. 2
Calbicans 1 48,107  1.2x10° 2x10 4.09 4.87
Moist casts  E faecalis 9.32x10° 3.4x10° 8x10? 3.44 4.07
P 1.26x107 1.26x10* 1.2x103 3 4.02
aeruginosa
S aureus 7.16x10° 1.22x10* 2.6x10° 2.77 3.44
C albicans 1.48x10’ 2.2x103 8x10? 3.83 4.27

Table 2: Effect of microwave irradiation on microbial colonies count on dried samples and moist samples at
different irradiation times

Viable counts (CFU/mL)
Log reduction
Sample groups Positive Test (mean)
control
3 minutes 7 minutes 3 minutes 7minutes

Dried casts  E faecalis 9.32x10° 3x103 8x10? 3.49 4,07

P . 1.26x10’ 9.8x103 1.2x 103 3.11 4.02

aeruginosa

S aureus 7.16x10°8 9x10° 2x10? 2.90 4.55

C albicans 1.48x10’ 1.2x103 2x10? 4.09 4.87
Moist casts  E faecalis 9.32x10° 3.4x103 8x10? 3.44 4.07

P 1.26x10’ 1.26x10% 1.2x103 3 4.02

aeruginosa

S aureus 7.16x10° 1.22x10* 2.6x103 2.77 3.44

C albicans 1.48x107 2.2x103 8x10? 3.83 4.27

Table 3: Post-hoc LSD test to compare dried and moist samples groups at different irradiation times

Comparison between moist and dried The findings of this in vitro study showed
samples showed no significant difference that microorganisms were reduced to 4.87 logs
(Table 4). on dental casts after irradiation in a microwave

oven set at 600 W within seven minutes in
comparison with a positive control group.

Discussion
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groups moisture number mean STD T test
microorganisms T df Pvalue
Time
E faecalis moist 5 34 114 041 8 0.69
dry 5 3 1.87
b4 P aeruginosa moist 5 126 439 102 8 034
‘g’ dry 5 9.8 4.32
‘E S aureus moist 5 122 3.03 163 38 0.14
™ dry 5 9 3.16
C albicans moist 5 22 084 144 8 0.19
dry 5 1.2 130
E faecalis moist 5 28 192 045 8 0.66
dry 5 22 228
b4 P aeruginosa moist 5 56 321 063 8 054
‘é dry 5 42 377
‘E S aureus moist 5 42 192 037 8 0.72
n dry 5 3.8 148
C albicans moist 5 12 164 131 8 0.23
dry 5 0.2 045
E faecalis moist 5 0.8 084 045 8 0.66
dry 5 0.8 0.84
b4 P aeruginosa moist 5 1.2 179 000 8 1.00
‘g’ dry 5 12 0.84
‘E S aureus moist 5 26 241 219 8 0.06
~ dry 5 0.2 0.45
C albicans moist 5 0.8 084 141 8 0.20
dry 5 0.2 0.45

Table 4: Comparison between irradiation effect on moist and dried samples

These results are in agreement with
previous studies in this area which explored the
effect of microwave irradiation disinfection on
stone casts (9,17-19) Studies by Berg et al. on
high level microwave disinfection of dental
gypsum casts revealed 6-log reduction of
CFU/mL of S. aureus and P. aeruginosa after
five minutes of microwave irradiation in an
ordinary household microwave oven set at 900
W and 2450 MHz (9,17). One recent in vivo
study on patients’ dental casts showed 99%
reduction of bacteria after three minutes of
irradiation in a microwave oven set at 650 W
(29).

Another study revealed that the cast could
be disinfected after five minutes of irradiation
at 850 W (18). In the latter study, the
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disinfection of the casts contaminated by
Bacillus subtilis following 10 minutes of
irradiation was considered as sterilization effect
of this method (18).

The present study revealed almost the same
log reduction of CFU/mL using lower levels of
microwave irradiation compared to a similar
study with oral flora (4.87 vs. 5 log,
respectively) (19). Further reduction of CFU/mL
in two other similar studies in comparison to
our study could be due to higher levels of
energy used and also different techniques
applied (9,17,18).

It has been shown that high levels of energy
are harmful to stone casts from physical and
mechanical aspects, as detrimental effect of
microwave at 1450 W on surface hardness (23),
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850 W on surface roughness and dimensional
accuracy (18), and 700 W on surface hardness
(24) have been documented. Using lower levels
of energy has conserved dimensional accuracy
in 490 W (22), compressive strength in 550 W
(20), and enhanced diametric tensile strength
in 600 W of energy (21).

Another finding of the current study was
that the microbial count following irradiation
did not show a significant difference between
dried and moist casts. This is while a previous
study showed a significantly higher microbial
count reduction in casts immersed in water
during irradiation (18). The latter study
postulated that the irradiation would be more
effective while there are water molecules
around the microorganisms. We were not able
to compare these findings; as in the current
study, the mean weight of wet stone casts was
only 10 grams more than that of dry ones. It
seems that immersion of the cast in water and
subjecting that to boiling during irradiation may
have detrimental effects on the properties of
the stone cast, and it might not be
recommended as a safe technique for cast
disinfection.

In the current study, the samples were
contaminated by four strains as indicators of
different types of pathogen microorganisms.
Vegetative strains of Gram-positive non-
sporogenic bacteria (S. aureus), Gram-negative
resistant bacteria (P. aeruginosa), Gram-
positive resistant bacteria (E. faecalis) and fungi
(C. albicans) were recommended as indicator
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