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In vitro antimicrobial activity of 
irreversible hydrocolloid impressions 
against 12 oral microorganisms

Atividade antimicrobiana in vitro de moldes 
de hidrocolóide irreversível contra 12 
microrganismos orais

Abstract: This study evaluated in vitro the antimicrobial activity of irreversible hydro-
colloids (one containing an antimicrobial agent) prepared with water or with a 0.2% 
chlorhexidine digluconate solution against 12 strains of the oral microbiota. Twenty 
specimens (0.5 x 1.0 cm) for each group (1. Jeltrate mixed with water; 2. Jeltrate mixed 
with 0.2% chlorhexidine digluconate solution; 3. Greengel mixed with water; 4. Greengel 
mixed with 0.2% chlorhexidine digluconate solution) were prepared under sterile condi-
tions and placed in culture media inoculated with the indicator strains. After incubation 
in aerobiosis or microaerophilia, inhibition of the microbial growth was measured and the 
results were interpreted. The normal adherence curve revealed a non-normal distribution 
of the data, so the non-parametric Friedman Test was performed (p < 0.05). The anti-
microbial activity of the groups was classified in the following order: 1, 3, 4, and 2. The 
results suggest that the method of preparing irreversible hydrocolloids with a 0.2% diglu-
conate chlorhexidine solution is more effective than the incorporation of an antimicrobial 
agent in the powder to reduce cross-contamination caused by impressions.
Descriptors: Alginates; Infection control, dental.

Resumo: Este trabalho avaliou in vitro a atividade antimicrobiana de alginatos (um deles 
contendo agente antimicrobiano) manipulados com água ou solução de digluconato de 
clorexidina a 0,2% contra 12 cepas da microbiota oral. Vinte espécimes (0,5 x 1,0 cm) 
para cada grupo (1. Jeltrate manipulado com água, 2. Jeltrate manipulado com solução de 
digluconato de clorexidina a 0,2%; 3. Greengel manipulado com água; 4. Greengel ma-
nipulado com solução de digluconato de clorexidina a 0,2%) foram confeccionados sob 
condições estéreis e semeados em meios de cultura inoculados com as cepas indicadoras. 
Após incubação em aerobiose ou microaerofilia, a inibição do crescimento microbiano foi 
medida e os resultados foram interpretados. A curva normal de aderência revelou uma 
distribuição não-normal dos dados, então o teste não paramétrico de Friedman (p < 0,05) 
foi realizado. A atividade antimicrobiana dos grupos foi classificada na seguinte ordem 
crescente: 1, 3, 4 e 2. Os resultados sugerem que a manipulação de alginatos com solução 
de digluconato de clorexidina a 0,2% é um método efetivo para reduzir a contaminação-
cruzada causada pelos moldes, mais que a incorporação do agente antimicrobiano no pó.
Descritores: Alginatos; Controle de infecções dentárias.
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Introduction
The dental community has been showing a grow-

ing concern toward the transmission of pathogenic 
agents to professionals involved in the manufactur-
ing of dental prostheses, orthodontic devices and 
other appliances used in rehabilitation treatments. 
There is a general agreement that impressions con-
stitute one of the main vectors in the chain of infec-
tion.11,21 As of the 1970’s, several studies have been 
developed with the purpose of establishing proto-
cols to reduce the contamination of impressions 
before making gypsum casts. The impression mate-
rial properties should be preserved, irrespective of 
the disinfection method used.9 Hence, compatibility 
with the several impression materials offered by the 
available methods to reduce microbial load remains 
a concern.

Among the impression materials, irreversible 
hydrocolloids are among the most commonly used 
and also among the most criticized in terms of its 
disinfection process. Inherent limitations,14 such as 
the material’s dimensional instability, set restric-
tions to the treatment period as well as for choos-
ing the antimicrobial agent. Due to its hydrophilic 
nature, also responsible for the highest retention of 
bacteria,14 disinfection should be carried out with a 
product that requires the least amount of time for 
the disinfection process.3 Antimicrobial agents are 
applied to irreversible hydrocolloid impressions in 
the following ways: sprays, which do not completely 
expose the contaminated surface to the antimicro-
bial agent, resulting in a less reliable procedure;3,21 
immersions,1,3,9,10,17 which are not considered ideal, 
as there may be imbibition of the gel, swelling, and 
change of its physical dimensions;3 incorporation 
of the agent to the impression material;6,7,15,18 and 
mixture with antimicrobial solutions instead of wa-
ter.12,13,16 Few studies have addressed the mixture of 
antimicrobial solutions. The available data report 
that reliability is preserved in copies, and inform the 
working time of irreversible hydrocolloids mixed 
with a 0.2% solution of chlorhexidine digluconate.13 
Moreover, studies have verified the antimicrobial 
activity of the mixtures against bacteria of the oral 
environment.16

Chlorhexidine is a cationic agent with broad-

spectrum antibacterial and antifungal activities. It 
is also biocompatible with mouth tissues. It has sub-
stantivity, which is the ability to remain on a par-
ticular surface and be gradually released.19,20 Its ex-
cellent properties have motivated its increasing use 
in dentistry.

This study evaluated in vitro the antimicrobial 
activity of irreversible hydrocolloid impressions sub-
jected to two forms of application of an antimicro-
bial agent (chlorhexidine): incorporation into the 
formulation of the powder, and mixture with the 
irreversible hydrocolloid. The association of both 
methods was also evaluated to assess if the antimi-
crobial activity was enhanced. 

Materials and Methods
The antimicrobial activity of the irreversible 

hydrocolloids (Jeltrate®, Dentsply Indústria e Co-
mércio Ltda., Petrópolis, RJ, Brazil, and Greengel®, 
Herpo Produtos Dentários Ltda., Rio de Janeiro, 
RJ, Brazil, with 0.05% diacetate chlorhexidine) was 
assessed by the diffusion technique in solid media,2 
performed in triplicate. Standard strains (American 
Type Culture Collection, Manassas, VA, USA), as 
well as field strains (Laboratory of Microbiology, 
School of Pharmaceutical Sciences of Ribeirão Preto, 
University of São Paulo, Ribeirão Preto, SP, Brazil), 
and the culture media used for the test are shown 
on Table 1. The materials were processed (30.0 g 
of powder to 36.0 ml of liquid) and mixed for 60 
seconds with sterile distilled water or 0.2% aque-
ous solution of chlorhexidine digluconate (Química 
Mundial, Ribeirão Preto, SP, Brazil), three times for 
each group, according to the test groups (Table 2). 
Group 1, with no antimicrobial agent in the powder 
or liquid, was the control. The mixed irreversible 
hydrocolloids were poured in a metallic matrix with 
holes (0.5 x 1.0 cm), where they remained for the 
gelation time (2 minutes and 30 seconds). The 144 
specimens were then removed and stored in sterile 
Petri dishes (Descarplas Indústria e Comércio Ltda., 
São Paulo, SP, Brazil), and remained there until in-
oculation.

Streptococcus mutans.1, Streptococcus mu-
tans.2, Streptococcus sobrinus.1, Streptococcus so-
brinus.2, and Enterococcus faecalis ATCC 10541 
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were cultivated in BHI and incubated for 24 hours 
at 37°C. The other bacteria were cultivated in MHB 
and incubated for the same time at the same temper-
ature. The concentration of the inoculum was 0.5 
McFarland standard (106-7 cfu/mL).

In each Petri dish, one specimen from each group 
was placed equidistantly from each other. Subse-
quently, 15 ml of BHIa or MH seeded with the in-
dicator microorganism (106-7 cfu/mL) were poured 
over the specimens. The Petri dishes remained at 
room temperature for 60 minutes for the antimicro-
bial agent to diffuse.

The streptococci were incubated in microaero-
philia (Gas Pak System, Difco Laboratories, Detroit, 
MI, USA) and the other bacteria were incubated in 
aerobiosis (37°C/24 h). The aspect of the agar on 

and around the specimens was observed with a ste-
reoscopic microscope (Nikon, Tokyo, Japan) under 
reflected light. The evaluation was conducted for 
growth or no growth and by measuring the inhibi-
tion zone (mm), which was interpreted using an in-
terpretation criteria scale4 (Table 3). The pool of mi-
croorganisms was considered in the interpretation, 
since they represent a contamination that occurs 
simultaneously by several microorganisms. Statisti-
cal analysis was performed by the normal curve ad-
herence test, which revealed a non-normal distribu-
tion. The non-parametric Friedman Test – a type of 
analysis of variance for two evaluation criteria for 
linked sample data – was thus performed (p < 0.05).

Results
Table 4 presents the average inhibition halos 

(mm) around the specimens and the interpretation 
in scale (sc) for each triplicate. There was a larger 
inhibition of the microorganisms in Group 2. In 
Group 1 (without any antimicrobial agent), it was 
possible to observe a slight inhibition in the devel-
opment of some microorganisms. Groups 3 and 4, 
in which an irreversible hydrocolloid formulated 
with an antimicrobial agent was mixed with wa-
ter or with the antimicrobial solution, presented 
similar behaviors. Based on the statistical analysis, 
which revealed statistically significant differences 
among groups (p < 0.05), except for groups 3 and 
4, the treatments were classified in the following or-
der of effectiveness: group 1, group 3, group 4, and 
group 2. 

Table 1 - Microorganisms, their characteristics and culture 
media used in the assessment of antimicrobial activity.

Microorganism Characteristic
Culture media

Inoculum Test

Streptococcus mutans.1
Field strain

Gram-positive 
cocci

BHI BHIa

Streptococcus mutans.2
Field strain

Gram-positive 
cocci

BHI BHIa

Streptococcus sobrinus.1
Field strain

Gram-positive 
cocci

BHI BHIa

Streptococcus sobrinus.2
Field strain

Gram-positive 
cocci

BHI BHIa

Enterococcus faecalis
ATCC 10541

Gram-positive 
cocci

BHI BHIa

Staphylococcus epidermidis
Field strain

Gram-positive 
cocci

MHb MH

Staphylococcus aureus
ATCC 25923

Gram-positive 
cocci

MHb MH

Staphylococcus aureus
Field strain

Gram-positive 
cocci

MHb MH

Micrococcus luteus
ATCC 9341

Gram-positive 
cocci

MHb MH

Pseudomonas aeruginosa
ATCC 27853

Gram-negative 
bacilli

MHb MH

Escherichia coli
ATCC 10538

Gram-negative 
bacilli

MHb MH

Candida albicans
ATCC 10231

Gram-positive 
yeast

MHb MH

Abbreviations: BHI, Brain Heart Infusion; BHIa, Brain Heart Infusion Agar; 
MHb, Mueller-Hinton Broth; MH, Mueller-Hinton Medium (Difco Labora-
tories, Detroit, MI, USA).

Table 2 - Test groups and the materials used in each one 
of them.

Group Irreversible hydrocolloid Liquid used for the mixture

1
Jeltrate (with no added 
disinfectant)

Sterile distilled water

2
Jeltrate (with no added 
disinfectant)

0.2% aqueous 
chlorhexidine digluconate 
solution 

3
Greengel (with 0.05% 
diacetate chlorhexidine) 

Sterile distilled water

4
Greengel (with 0.05% 
diacetate chlorhexidine)

0.2% aqueous 
chlorhexidine digluconate 
solution
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Discussion
Nowadays, it is unquestionably important to de-

velop procedures to break cross-infection chains,11 

such as impression disinfection procedures. In terms 
of irreversible hydrocolloids, disinfection can be ac-
complished by several methods, and all present ad-
vantages and limitations. In this study, two methods 
of irreversible hydrocolloid disinfection were evalu-
ated: the incorporation of an antimicrobial agent in 
the powder and replacement of the water used in the 
mixture by a disinfectant solution. Regarding the 
advantages of these techniques, both allow internal 
disinfection, which eliminates microorganisms that 

Table 3 - Interpretation criteria of antimicrobial effect.4

Scale Schematic observation Aspect of agar

1

Agar layer above the 
samples shows the same 
growth of the test bacteria 
as that of the surrounding 
agar.

2

On the agar layer above 
the samples a few colonies 
are observed. Inhibition 
of growth is comparable 
to that of the surrounding 
area.

3

No colonies observed on 
the agar above the sample.

4

There is a definite zone 
of inhibition around the 
sample no larger than 
2.0 mm. 

5

A zone of inhibition of 
2.0-5.0 mm has developed 
around the sample.

6

A zone of inhibition of 5.0-
10.0 mm has developed 
around the sample.

7

A zone of inhibition of 
more than 10.0 mm has 
developed around the 
sample.

Table 4 - Results of antimicrobial activity in millimeters (mm) 
and interpretation criteria scale (sc).4

Microorganism
Group 1 Group 2 Group 3 Group 4

mm sc mm sc mm sc mm sc

Streptococcus 
mutans.1 
Field strain

2.0 5 6.0 6 5.0 6 6.0 6

Streptococcus 
mutans.2 
Field strain

0.5 4 4.5 5 3.5 5 4.5 5

Streptococcus 
sobrinus.1 
Field strain

2.0 5 6.0 6 5.0 6 5.0 6

Streptococcus 
sobrinus.2 
Field strain

1.0 4 5.5 6 5.5 6 6.5 6

Enterococcus 
faecalis
ATCC 10541

0.5 4 2.0 5 1.5 4 4.0 5

Staphylococcus 
epidermidis
Field strain

1.0 4 7.0 6 3.5 5 5.0 6

Staphylococcus 
aureus 
ATCC 25923

0.25 4 5.5 6 3.5 5 5.0 6

Staphylococcus 
aureus
Field strain

0.25 4 6.0 6 4.0 5 5.0 6

Micrococcus 
luteus 
ATCC 9341

0.5 4 5.5 6 3.5 5 5.0 6

Pseudomonas 
aeruginosa
ATCC 27853

0.0 2 0.0 2 0.0 2 0.0 2

Escherichia coli 
ATCC 10538

0.0 3 3.5 5 2.0 5 3.0 5

Candida 
albicans 
ATCC 10231

2.5 5 5.0 6 0.0 2 3.5 5
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are incorporated into the irreversible hydrocolloid 
during impression-making6,12,13,16 as well as during 
the immediate pouring of the cast.

The results revealed that group 1 (without any 
antimicrobial agent) had a slight antimicrobial ac-
tivity against some strains, but it was significantly 
reduced in relation to that of the other groups 
(p < 0.05). Possibly, the antimicrobial action was 
caused by some chemical ingredient of the irrevers-
ible hydrocolloid, since sterile distilled water was 
used for the mixture. However, this activity was 
reduced and does not exempt the impressions from 
having to undergo the disinfection procedure, whose 
importance is unquestionable.1,4,11,14 The second 
group in terms of antimicrobial activity was group 
3, in which the impression material formulated with 
0.05% diacetate chlorhexidine was mixed with the 
water. These results were significantly lower than 
those of group 2 (p < 0.05) and are in accordance 
with those of a previous study, which evaluated the 
antimicrobial activity of one irreversible hydrocol-
loid supplemented with a quaternary ammonium 
compound.7 In both studies, most microbial strains 
were inhibited; however, they were not effective 
against Candida albicans ATCC 10231 and Pseu-
domonas aeruginosa ATCC 27853.15 Groups 2 and 
4, in which the 0.2% aqueous digluconate chlorhex-
idine solution was mixed to an irreversible hydro-
colloid respectively without and with 0.05% diac-
etate chlorhexidine, showed the largest inhibition of 
microorganism growth. However, there was a sig-
nificant difference between them, with the best re-
sults being observed for Group 2. Statistical analysis 
showed that only groups 3 and 4 were not different 
(p > 0.05) in terms of their antimicrobial activity 
against the evaluated strains.

The antimicrobial efficacy of irreversible hydro-
colloids mixed with an antimicrobial solution has 
also been established by other authors.16 In this study, 
an attempt was made to obtain a synergistic effect by 
the combination of an antimicrobial agent present in 
the liquid used for mixing and another one present in 
the powder (group 4). This association reduced the 
simulated contamination, but was not better than 
the material in which chlorhexidine was present only 
in the liquid used in the mixture (group 2). 

The observed antimicrobial action varied be-
tween the different strains of the same microorgan-
isms (Table 4). This can be explained by the fact that 
bacterial populations of the same species behave dif-
ferently when dealing with antimicrobials, mainly 
due to the presence of resistance caused by mutation 
or other genetic mechanisms.

In order to be indicated as a substitute for wa-
ter, the solution used for the mix must be biocom-
patible and must not change either the physical or 
the mechanical properties of the irreversible hy-
drocolloid. The 0.2% aqueous chlorhexidine di-
gluconate solution was selected for this research 
because it fulfills those requirements.13 Besides, it 
is the same antimicrobial agent present in the an-
timicrobial irreversible hydrocolloid (Greengel). It 
was thus possible to assess which form of the dis-
infectant was the best, powder or liquid. It must be 
considered, however, that the chlorhexidine salts 
are different, digluconate in liquid and diacetate 
in powder, and present different solubilities (diglu-
conate is more soluble),5 as well as different con-
centrations (0.2% and 0.05%, respectively). Also, 
since the microorganism inactivation kinetics can 
be positively correlated with the rate at which the 
antimicrobial agent gains access to the biophase, 
the rate of solubility may possibly interfere in the 
results (group 2 was significantly more effective 
than group 3). 

In the proposed treatments, the response of mi-
croorganisms to the chemical agent depends, among 
others, on the type of microorganism, its suscepti-
bility to the agent, and the time of contact of both.21 
About the two first factors, the results obtained are 
consistent with the literature data concerning the 
antimicrobial agent contained in the powder or liq-
uid, 1,6-di (4-chlorophenyl-diguanido) hexane. This 
cationic bisbiguanide has broad spectrum efficacy 
against vegetative Gram-negative and Gram-positive 
bacteria, some virus and fungi, but none or little ef-
fectiveness against spores. Yeasts, such as Candida 
albicans, are usually sensitive, although the action is 
subject to species variation.5,8,20 In this study, Pseu-
domonas aeruginosa (Gram negative bacilli) showed 
no response, probably because this strain is resistant 
to chlorhexidine.
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Considering the most favorable results, the 
methods evaluated did not completely inhibit the de-
velopment of the selected microorganisms. This cir-
cumstance is adverse, since the risk of professional 
contamination by the impressions may still remain.

As to the limitations of this study, it was done 
with two commercial brands of impression materi-
als and one antimicrobial solution. The field and 
standard strains used in the test are representative 
of the oral microbiota, but their behavior in relation 
to the treatments evaluated must not be extrapolated 
to other components of the complex oral ecosystem. 
Nevertheless, taking the limitations into consider-
ation, this study sheds light on a better method of 
application of an antimicrobial agent in an impres-
sion material. Regarding the technique used,2 there 
are, indeed, limitations. However, it has been fre-
quently used to evaluate the antimicrobial activity of 
dental materials and good results are obtained when 
the variables of the experiment are controlled.4

Further studies in vitro and in vivo are needed in 
order to supplement the present results. Considering 

the large number of commercial brands of irrevers-
ible hydrocolloids, studies should be conducted to 
evaluate their compatibility with several antimicro-
bial agents, in different concentrations, either in the 
powder or in the liquid used for the mixture. More-
over, investigations of the biological, mechanical, 
and physical properties of the resulting impression 
materials are essential to confirm the feasibility of 
these methods, as well as the effects on the resulting 
gypsum casts. 

Conclusion
The results of this study suggest that the use of 

a 0.2% aqueous digluconate chlorhexidine solution 
for manipulation of irreversible hydrocolloids was 
better than the incorporation of 0.05% diacetate 
chlorhexidine in the powder in terms of reducing 
the contamination presented by the impressions. 
The association of both disinfectant methods did 
not provide the best results, which were obtained by 
the group in which the antimicrobial agent was in-
corporated only in the liquid used for the mixture. 
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