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In prosthodontics, objects potentially contaminated
with pathogenic microorganisms are transported be-

tween the dental laboratory and the dental clinic. It has
been claimed that to avoid cross-contamination, spe-
cific disinfection measures should be followed.1-5 In the
literature, the usual solution to this problem has been
to chemically disinfect the impressions,6 and the effi-

cacy of such disinfectants has been the subject of
several studies.7–10 However, there are a number of
problems associated with their use. They take time and
expense to perform in a dental practice. Moreover, all
chemical disinfectants are potentially harmful to the
health of the user and to the environment, and they
may have an unpleasant odor. Furthermore, they are
not readily compatible with irreversible hydrocol-
loid,6,11–13 which is one of the most frequently used im-
pression materials.14 Consequently, to a large extent,
disinfection procedures on impressions are not fol-
lowed in clinical practice.15–17 When they are, their
clinical efficacy on the microflora appears to be inad-
equate or questionable.18

Even a cast from a properly disinfected impression
may subsequently become contaminated by a techni-
cian or clinician.14 Also, the prosthesis will become
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contaminated by the patient after trial and adjustment
in the mouth and will recontaminate the cast after
repositioning. In practice, contaminated gypsum casts
are not possible to disinfect chemically. If elimination
of possible cross-contamination is considered a re-
quirement, then disinfection measures should be ap-
plied throughout all phases of treatment to both the
cast and the prosthesis. 

The results of a pilot study have indicated that dis-
infection of gypsum casts may be accomplished by
means of microwave irradiation.19 Unlike mere disin-
fection of the impression, this method, if effective and
practicable, would eliminate cross-contamination via
the cast, because it can be repeated at every stage as
required. 

The hypotheses tested in this study were:

1. A commercially available household microwave
oven, used with a short exposure time, would gen-
erate sufficient irradiation on gypsum casts to ef-
fect disinfection, as defined by the current infection
control guidelines for the dental laboratory1 and the
European Standard EN 1040.20

2. This procedure would be as effective as a validated
method of chemical disinfection of impressions.

Materials and Methods 

The general design of this study is illustrated in Fig 1.

Microwave Irradiation Study

This part of the study consisted of an in vitro and an in
vivo experiment. In the in vitro experiment, 10 impres-
sions were made of a disinfected (70% ethanol) acrylic
resin model of a maxilla. Of these, 5 were contaminated
with 1 mL of a suspension of Staphylococcus aureus
(American Type Culture Collection 6538) and 5 with
Pseudomonas aeruginosa (Culture Collection, University
of Göteborg 2080); both organisms were selected and
suspensions prepared according to the European
Standard EN 1040,20 with turbidity corresponding to
MacFarland standard 1 (approximately 3 � 108 colony-
forming units/mL [cfu/mL]). After 7 minutes, the bac-
terial suspension was gently shaken off the impressions
to remove excess liquid, and the casts were poured in
type III gypsum (Kerr Dental Hydrocal). In the in vivo
experiment, impressions were made of 10 different
consenting subjects and poured without rinsing within
30 minutes. 

All impressions were made with an irreversible hy-
drocolloid (Blueprint Cremix, Dentsply/De Trey). Sterile
water was used for both the impression material and
the gypsum. The irreversible hydrocolloid and the gyp-
sum powder were dispensed from commercial pack-

ages and were not disinfected before use. The im-
pression and casting procedures were made in accor-
dance with the recommendations of the manufactur-
ers. 

All casts were cut transversely with a sterile wax knife
before the gypsum had fully set to facilitate subsequent
division. The casts were removed from the impres-
sions approximately 30 minutes after pouring and bro-
ken in two. One half of each cast was irradiated in a mi-
crowave, and the other half was left untreated as a
control. The microwave irradiation was performed in a
household Samsung microwave oven type ck 99 s, set
at 900 W and 2,450 MHz frequency, for a total of 5 min-
utes. To ensure that the casts were adequately irradi-
ated on all surfaces, they were first exposed for 2.5 min-
utes and subsequently turned upside down and
irradiated again for the same amount of time. 

Chemical Disinfection Study

With 1 exception, 10 irreversible hydrocolloid impres-
sions were obtained from the same test subjects who
were used for the microwave experiment. The impres-
sions were immersed in a freshly prepared aqueous
0.07% sodium hypochlorite (NaOCl) (Klorin, De-No-Fa)
solution at pH 10 for 3 minutes. They were then rinsed
in 250 mL of sterile water before the casts were poured.
This part of the procedure was in accordance with a
previously validated study, which established the min-
imum concentration and exposure time of NaOCl at the
optimum pH to effect adequate disinfection of irre-
versible hydrocolloid impression.21 The set gypsum
casts were broken in 2, as described above. In confor-
mity with the microwave irradiation study, only 
one half of each cast was used for the bacteriologic
procedures. 

Fig 1 Design of the experiment.
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Bacteriologic Procedures

Where applicable, the bacteriologic procedures were
performed in compliance with European Standard EN
1040.20 All casts were submerged in Bacto tryptic soy
broth (TSB) (Difco) and incubated aerobically at 37°C
for 6 hours. TSB aliquots, undiluted and diluted 10-2 and
10-3, were then prepared from the cultures of each of
the disinfected or uncontaminated casts. Similarly, TSB
dilutions of 10-4, 10-5, and 10-6 were prepared from the
cultures of each of the contaminated casts. For each
dilution, the TSB was plated in triplicate on tryptone soy
agar (TSA) (Difco) plates. All dilutions were made with
tryptone sodium chloride solution (Becton, Dickinson).
The inoculated plates were incubated aerobically at
37°C for 18 hours. After incubation of the TSA plates,
the cfu/mL for each cast was calculated as a weighted
mean.20

The bacteriologic procedures were tested with 6
positive and 9 negative controls. For each control sam-
ple, a gypsum cast from an impression of the disin-
fected acrylic resin model was poured and split in 2.
With the positive controls, one half of a cast was con-
taminated with 0.5 mL of the S aureus suspension. The
object was to test whether the method used for bac-
terial recovery could detect the test bacteria. With the
negative controls, half of a noncontaminated cast was
used. The object was to test possible bacterial conta-
mination of the irreversible hydrocolloid impression
material, gypsum powder, and the aseptic procedures.
These casts were immersed in TSB and incubated, the
cultures were plated, and cfu/mL was calculated as de-
scribed above. 

Aseptic Procedures

Throughout the study, an effort was made to work
aseptically. A standard barrier technique was used with
nonsterile vinyl gloves (Optima, Nitritex) and TopDent
face mask (DAB Dental Gruppen). All laboratory pro-
cedures except plating were carried out in a flow bench.
In the in vitro experiments, impressions were made of
an acrylic resin model (see above), which was disin-
fected with 70% ethanol immediately before taking im-
pressions. The impression trays (President Tray,
Coltene/Whaledent), spatulas, and mixing bowls used
for the impression and casting procedures were also
disinfected with 70% ethanol immediately before each
usage. Tweezers and wax knives were flame sterilized. 

Statistical Methods 

The results were analyzed using one-tailed Wilcoxon
signed-rank test, with a chosen alpha level of .05.

Results

In the in vitro experiment, the median cfu/mL count of
the TSB of the untreated casts from impressions inoc-
ulated with S aureus was 2.8 � 106 (Table 1). The cor-
responding count pertaining to casts from impressions
inoculated with P aeruginosa was 3.3 �106 (Table 1).
For both in vitro experiments, after microwave irradia-
tion, the median cfu/mL count was 0. The differences
between the untreated casts and the irradiated ones
were statistically significant (Z = -2.023, P = .031). 

In the in vivo microwave study, the median count of
the TSB of the untreated casts was 2.0 �106 cfu/mL.
After microwave irradiation, the median count was 0
cfu/mL (Table 2). This difference was statistically sig-
nificant (Z = -2.666, P = .002). With regard to 1 of the
test subjects, 34 colonies were observed. In the in vivo
chemical disinfection study, the count varied greatly:
from 0 cfu/mL to 4.9 � 105 cfu/mL. The median count
was 4.4 � 104 cfu/mL (Table 3), indicating a median 2-
log reduction in viable counts. 

The median count for the positive control was 
5.1 � 107 cfu/mL (range 1.6 � 107 to 1.6 � 108 cfu/mL),
and for the negative control the median was 0 cfu/mL
(range 0 to 7.0 � 104 cfu/mL). The high and consistent
(1 log range) cfu/mL values of the positive controls in-
dicate that the cultivation protocol used was adequate.
With regard to the negative control, in 1 case scant
colonies were observed in 1 of the plates with the
1:1,000 TSB dilution. This was most likely a spurious re-
sult, because the other 8 plates for this cast showed no
growth. The negative control showed that neither the
gypsum nor the impression material were contami-
nated by bacteria. 

Table 1 Results (cfu/mL) of In Vitro Microwave
Irradiation Experiments

Bacteria type/
sample no. Untreated Microwave irradiated 

S aureus
1 3.3 � 106 0
2 2.8 � 106 0
3 1.4 � 106 0
4 8.6 � 105 0
5 3.1 � 106 0
Median 2.8 � 106 0

P aeruginosa
1 2.4 � 106 0
2 3.3 � 106 0
3 3.3 � 106 0
4 6.7 � 106 0
5 6.6 � 106 0
Median 3.3 � 106 0

Samples were infected with either S aureus (ATCC 6538) or P aerugi-
nosa (CCUG 2080). Bacteria count was determined using sample
found in Bacto tryptic soy broth after incubating the casts for 6 hours.
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Macroscopically, the surfaces of the casts appeared
unaffected by the microwave irradiation. No obvious
cracks or porosities were observed.

Discussion 

The most important finding in this study was the strik-
ing reduction of bacteria on the casts after 5 minutes
of microwave irradiation in an ordinary household mi-
crowave oven set at 900 W and 2,450 MHz. In both the
in vitro and the in vivo experiments, the untreated casts
showed TSB counts of 106 cfu/mL compared to the ir-
radiated ones, in which no bacteria appeared to sur-
vive (Tables 1 and 2). The 6-log reduction of cfu/mL ex-
ceeds the requirements of European Standard EN
1040.20 These requirements are satisfied if the chemi-
cal disinfectant tested demonstrates a reduction of 105

or more cfu/mL in viable counts. This high-level disin-
fection also complies with the current infection control
guidelines for the dental laboratory.1

The above results are all the more convincing in
view of the fact that the study was intentionally de-
signed in such a way that a maximum amount of bac-
teria should be transmitted to the casts. In a clinical set-
ting, irrespective of the microbiologic aspects, rinsing
the impression prior to eventual chemical disinfection
would be carried out, if for no other reason than to im-
prove the quality of the cast by removing mucin, blood,
and loose particles. In so doing, the bacterial count
would be reduced significantly, increasing the effect of
a subsequent disinfectant. 

An investigation22 of the bactericidal activity of a mi-
crowave oven set at 2,450 Mhz, 325 W, 650 W, and
1,400 W on suspensions of various non-sporogenic
bacteria, including S aureus and P aeruginosa, and
sporogenic medically important bacteria, showed that
the vegetative bacteria were promptly killed in 5 min-

utes or less. Bacterial spores, on the other hand, were
only killed in aqueous suspension when a 1,400-W
setting was used for 10 to 20 minutes.22 Based on this
information, the S aureus and P aeruginosa strains
used in the chemical disinfection part of the study
were also used in the microwave irradiation part of this
study. 

The clinical importance of the present results is ob-
vious. Provided this procedure does not harm the gyp-
sum cast, disinfection can be performed quickly, re-
peatedly, and without the use of toxic, pungent, or
allergenic chemicals. In regard to the above provision,
microwave irradiation of gypsum casts has been tested
previously as to its effect on the strength and hardness
of the cast.23–25 The results indicated an improvement
in these qualities, although there was some concern
that cracks or porosities in the surface might occur
when type IV gypsum casts were exposed to irradia-
tion with a very high wattage (1,450 W).24

However, the results of neither the above studies nor
the present investigation furnish sufficient information
as to all possible effects of the microwave irradiation on
gypsum casts. This will be the subject of separate stud-
ies in which the effect of single and multiple irradiations
on the casts' physical properties will be investigated.
Further experiments are also needed to explore the re-
lationship between the number or weight of casts irra-
diated at one time and the efficacy of disinfection. 

In regard to clinical practice, provided these aspects
do not present problems, the impressions need not be
disinfected at the dental practitioner's office. It can
perhaps be argued that irreversible hydrocolloid im-
pressions should be disinfected anyway to preclude
cross-contamination during its transport to a person
outside the dental clinic.1 However, then all the envi-
ronmental and compatibility problems associated with
chemical disinfection come into play. The alternative is

Table 3 Results (cfu/mL) of In Vivo 
Experiment 

Patient Disinfected

1 4.9 � 103

2 1.2 � 103

3 2.8 � 103

4 7.6 � 104

5 8.4 � 101

6 0
7 1.2 � 104

8 1.3 � 103

9 2.9 � 102

10 0
Median 4.4 � 104

Results expressed as cfu/mL found in Bacto tryptic soy broth after dis-
infecting in vivo impression with freshly prepared aqueous 0.06%
NaOCl solution, rinsing it with 250 mL sterile water, and incubating it
for 6 hours.

Table 2 Results (cfu/mL) of In Vivo Microwave
Irradiation Experiment 

Patient Untreated Microwave irradiated

1 2.2 � 106 0
2 6.3 � 106 0
3 2.8 � 106 3.4 � 101

4 6.9 � 105 0
5 1.8 � 106 0
6 9.4 � 106 0
7 7.3 � 105 0
8 7.2 � 105 0
9 00

10 4.3 � 106 0
Median 2.0 � 106 0

Results expressed as cfu/mL found in Bacto tryptic soy broth after incu-
bating casts for 6 hours.
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adequate packaging and systematic use of standard
barrier technique1 for all who come into contact with
impressions and other potentially contaminated den-
tal items. Another practical matter is that casts ought
to be trimmed after disinfection to reduce the risk of
cross-contamination. Also, the use of metal mounting
rings is precluded when casts are microwave irradiated.
However, there are articulators that do not use metal
mounting rings, and nonmetallic mounting rings can no
doubt be produced.

The lowest concentration (0.07%) and shortest ex-
posure time (3 minutes) of NaOCl that satisfy the re-
quirements for adequate disinfection of irreversible
hydrocolloid impressions1,20 were established in a re-
cent study.21 This corroborates the results of a previ-
ous study, in which comparable concentration and ex-
posure time of NaOCl were used.7 In the current
chemical disinfection study, the bacterial contamina-
tion was harvested from the entire gypsum casts. Apart
from this, the procedures used for the current chemi-
cal disinfection study were similar in all respects to the
above-mentioned ones.7,21

The effect on the bacterial flora of the casts poured
in chemically disinfected irreversible hydrocolloid im-
pressions was conspicuously weak, with only a median
2-log reduction of cfu/mL TSB counts (Table 3). This
result was not anticipated, given previous studies doc-
umenting adequate disinfection using this protocol.21

However, the conventional experimental methods used
to test the effect of chemical disinfection of impressions
might explain the discrepancy. In accordance with
these, the microbiologic samples were taken from the
irreversible hydrocolloid impressions, not from the
casts.7,9,10,18 Furthermore, in vivo impressions are tested
microbiologically by harvesting bacteria from the im-
pression of the occlusal surface of a molar.7,8,19,21

Finally, in some in vitro microbiologic studies, irre-
versible hydrocolloid impressions are made of metal
models that have been contaminated by immersing
them in standardized solutions of different test bacte-
ria.7–9 This would most likely leave a fairly thin, even
layer of bacteria on the surface.

The clinical validity of these methods7–10,18,19 may be
open to discussion for a number of reasons: First, dis-
infection of impression materials hinders possible
cross-contamination only at the time the cast is poured.
Because casts become contaminated after the pros-
theses are tried in the patients' mouths, they must be
regarded as the major vehicle for cross-contamination.
Second, in many studies,7,8,19,21 the sample to determine
bacterial contamination is harvested from the impres-
sion of the occlusal surface of a molar by means of a
sterile swab. This is probably the least valid test method,
because the occlusal surface is the least contaminated
surface of the tooth; the gingival area, where plaque

gathers, is the most contaminated. In regard to cross-
contamination, a method whereby the entire cast is
tested for bacterial contamination therefore appears
more appropriate. Third, one would expect relatively
few bacteria to be transferred to the impression mate-
rial from bacterially contaminated metal models, with
their thinly distributed bacterial layer. This situation
hardly simulates the clinical situation, where dental
plaque, containing bacteria in great concentration, is
likely to adhere to and become embedded in the im-
pression material. 

In view of the complexity of the oral bacterial flora,
it seems fair to question whether the chosen test bac-
teria are valid indicators of the efficacy of disinfection
of objects contaminated in the oral cavity. The present
results indicate that bacteria survive in considerable
quantities after NaOCl disinfection of the impression,
with a concentration and exposure time as described.21

However, it cannot be excluded that a 0.525% con-
centration of NaOCl, as suggested by several au-
thors,1–3,8 and possibly a longer exposure time to the
disinfectant might be more effective.

Conclusion

The results indicate that, in contrast to the presently de-
scribed chemical disinfection procedure, microwave ir-
radiation of casts for 5 minutes at 900 W gives high-
level disinfection that complies with European Standard
EN 1,04020 and the current infection control guide-
lines for the dental laboratory.1
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