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ABSTRACT

Aim: The aim of this study was to evaluate the influence of
immersion period in two disinfectant solutions on dimensional
change of four elastomeric impression materials.

Materials and methods: Four representative materials of each
class of elastomers: Xantopren (polydimethylsiloxane—PDS),
Express (polyvinyl siloxane—PVS); Permlastic (polysulfide—
PS) and Soft Impregum (polyether—EP) were mixed according
to manufacturers’ instructions and then inserted into a metal
matrix prepared according to the specification of ISO 4823. The
molds were removed from the matrix after 7 minutes and
immersed in disinfectant solutions (sodium hypochlorite 0.5 and
2% glutaraldehyde) for 5, 10, 20, 30 and 60 minutes (n = 7),
except the control group, which was not immersed. Once
removed from solutions, the test samples were washed in water
for 15 seconds, dried and measured three times, using a
comparative optical microscope, with accuracy of 0.0005 mm.
The analysis of variance with three criteria and Tukey’s test
with significance level of 5% showed that differences in linear
dimensions of the materials analyzed were not statistically
significant (p > 0.05) after soaking in sodium hypochlorite 0.5
and 2% glutaraldehyde, for the tested periods of time.

Clinical significance: Combinations of molding material and
disinfecting solution can be used in the dental clinic for infection
control, without changing the dimensional molds, for immersion
periods not longer than 20 minutes.
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INTRODUCTION

Several procedures expose the dentist and his team to the
risk of direct or cross-contamination.>? Impression materials

are used in dentistry for making accurate casts of the ora
tissues, capable of recording the anatomic topography of
the desired areaand remaining dimensionally stable. During
the impression procedure, the materials come into contact
with oral fluids, such as blood, saliva, and other exudates
and these may contain pathogenic microorganisms. Thus,
through the impression, infectious diseases, such as herpes,
hepatitis, tuberculosis, AIDS and others>® can betransmitted.

The disinfection of the mold is an important procedure,
required in daily practice. Furthermore, it is an important
biosafety measureininfection control in dental practiceand
can be defined as clinical stage designed to destroy a great
part of microorganisms (viruses, bacteria and spores) from
the surface of an impression.®

Due to the potentia for infection and transmission of
microorganismsin dental casts, it has been established that
themolds should bewashed in water to remove debris, blood
and saliva, and then disinfected by immersion in chemical
solutions that are compatible with the molding materials.”
Disinfection can be accomplished by physical or chemical
action. However, physical action may result in temperature
rise, which can cause measurabl e deformationsin themolds.
For impression material sthe use of solutionswith chemical
action is recommended. The most frequently used are
glutaraldehyde, formaldehyde, alcohol, iodine solution,
synthetic phenol, sodium hypochlorite and other chlorine-
releasing solutions.

Many dental professionals do not carry disinfection by
immersion fearing dimensional change in impressions,
especialy in proceduresthat require high precision. Longer
immersion times may negatively influence the dimensional
stability of the molds. Some materials are more hydrophilic
than others, and there may be different patterns of water
absorption, which may undermine the stability of molds.®
Therefore, the time of immersion in disinfectant solutions
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is another factor that may undermine the stability of the
molds, because the amount of water absorbed by the
elastomeric material is time-dependent, which can lead to
differences in the deformation of the impressions.*°

Aware of the importance and complexity of the
prevention of infectious diseases, and knowing that the
dimensional accuracy and detail reproduction areimportant
reguirementsfor animpression used in making plaster casts
and dies, the aim of this study was to evaluate the effect of
immersion in two disinfecting solutions for different times
in the dimensional changes of elastomeric molds.

MATERIALS AND METHODS

Materials used are described in Table 1.

The essay of dimensional change was carried in
accordance with the standards of 1SO 4823. To obtain the
molds a metallic ring with outer diameter of 30 mm and
25 mminternal diameter was used. At thetop surface of the
matrix there were three parallel lines with 25 mm length
and 2.5 mm distance between them, and two vertical lines
marked with x and x’, which were used to verify the
dimensional changes (Figs 1A to H). Before performing
the impression procedure, the matrixes were cleansed in an
ultrasound device and dried with compressed air to remove
any residue. The elastomeric impression materials were
handled in accordance to the manufacturer’ s instructions.

Table 1: Brand, type, manufacturer and batch of the materials

Brand Type Manufacturer Batch
Permlastic light Polysulfide Kerr 7-1038
Impregum soft Polyether 3M Espe 275177
Xantopren VL Polydimethyl- Heraeus 280055
plus siloxane Kulzer

Express light Polyvinyl 3M Espe 6ANH1L1
Body siloxane

Figs 1A to H: Schematic drawing of the applied methodology.
(A) matrix; (B) insertion of the material in the matrix; (C) impression;
(D) obtaining of samples; (E) initial reading; (F) rinsing in distilled
water; (G) immersion in disinfectant solution; (H) final reading

A metal ring (30 mm inner diameter x 20 mm height)
was placed on a glass plate and filled with the molding
material. The matrix was coupled to the metal ring and a
pressure of 2 kgf (Wang et al 2007) was performed with the
aid of a pneumatic press to simulate the impression and to
allow leakage of excess material. To simulate the oral
condition, the set (ring and matrix) was immediately
immersed in distilled water at 37°C. To ensure complete
polymerization, the molds were removed 3 minutes past
the minimum time recommended by the manufacturers of
the materials. Around 126 bodies of proof for each material
were made which were randomly separated into 18 groups
(n=7), according to the disinfectant solution and immersion
period:

e CO: No disinfectant, immediately

e C5: 100% relative humidity for 5 minutes

e C10: 100% relative humidity for 10 minutes

e C20: 100% relative humidity for 20 minutes

e C30: 100% relative humidity for 30 minutes

e C60: 100% relative humidity for 60 minutes

e HO: No disinfectant, immediately

e H5: Soaking in 0.5% sodium hypochloritefor 5 minutes
e H10: Soaking in 0.5% sodium hypochlorite for

10 minutes
e H20: Soaking in 0.5% sodium hypochlorite for

20 minutes
e H30: Soaking in 0.5% sodium hypochlorite for

30 minutes
e H60: Soakingin0.5% sodium hypochloritefor 60 minutes.
e GO: No disinfectant, immediately
e Gb5: Soaking in 2% glutaraldehyde for 5 minutes
e G10: Soaking in 2% glutaraldehyde for 10 minutes
e (20: Soaking in 2% glutaraldehyde for 20 minutes
e G30: Soaking in 2% glutaraldehyde for 30 minutes
e G60: Soaking in 2% glutaraldehyde for 60 minutes.

After the period of immersion, the bodies of proof were
rinsed with 150 ml of distilled water, dried and evaluated
for dimensional accuracy. All measurements of dimensional
change were performed by an operator with the aid of an
optical microscope (STM-Olympus Optical Co Ltd, Japan)
with an accuracy of 0.0005 mm. The calculation in
percentage of dimensional change was made in accordance
with SO 4823, using the equation:

L:Mx]_oo
L1

WhereL 1 isthe distance between thelines on the matrix
and L2 is the distance between the lines on the impression
material.

The data of dimensional change (%) were subjected to
analysisof variance two factors (material, disinfectant), and
theimmersion timefactor treated as repeated measurements.
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Means were compared by Tukey’s test with significance
level of 5%.

RESULTS

Theresultsof analysisof variance showed difference among
the three factors and interaction between factors (p <
0.00001). Table 2 shows the mean values of AL (%) of the
dimensional changes of each material for impression
immersed in different disinfecting agents at different times.
Positive values (+) indicate that the gap between point
x and x” on the mold was greater than the distance shownin
themetal matrix, with expansion of theimpression. However,
negative values indicate contraction of the impression.

Comparing periods of immersion, xantopren samples
showed that dimensional change (contraction) was
significantly higher after 60 minutes compared with other
periods. The lowest dimensiona change was observed in
the immediate period, and the dimensional change was
significantly higher at each assessment period. Theseresults
were obtained for both samples immersed in disinfectant
solutions and for samples of the control group (p < 0.05).
Permlastic express also displayed significantly higher
dimensional change (contraction) after 60 minutes compared
with other periods (p < 0.05). However, no significant
difference between other periods was found (p > 0.05)
except for the permlastic in control group, where time of
30 minutes showed greater change than in the immediate
time (p < 0.05). For impregum immersed in hypochlorite
and glutaral dehyde after 60 minutes, there was dimensional
change (expansion) significantly greater than 30 minutes,
and the latter was higher than other groups, which did not
differ among themselves. When the disinfectant was not
used, the immersion period of 60 minutes showed higher
dimensional changethan the period of 5 minutes (p < 0.05).
The other time periods did not differ (p > 0.05).
Comparing materials within each immersion period, it was
observed that for both solutions at immediate period of
immersion, there was no statistical difference among the
four materials (p > 0.05). The same was observed for the
group without disinfectant at immediately and 5 minutes
time. In the remaining periods of immersion, in general,
the material xantopren showed statistically higher values
of dimensional change (contraction), followed by permlastic
(contraction), express (contraction and closer to zero) and
impregum (expansion).

Comparison of the disinfectant solutions within each
material showed that in the immediate period, there was no
difference between the solutions and the control group. In
periods of immersionin 5, 10 and 20 minutes, there was no
statistically significant difference between the disinfectant
solutions for materials express, impregum and permlastic.

For xantopren, only at period of 20 minutes there was no
difference between the disinfectant solutions. Inimmersion
periods of 5 and 10 minutes, the hypochlorite solution led
to greater dimensional change than immersion in water or
chlorine. For the soaking periods of 30 and 60 minutes, in
general, sodium hypochlorite led to greater dimensional
changes to the materials xantopren, express, permlastic
(contraction) and impregum (expansion) compared with
glutaraldehyde and immersion in water.

DISCUSSION

Thereare many variablesthat can influence the dimensional
stability of impression materials. Among them is the
contraction during the polymerization and expansion that
may occur after immersion in disinfectant solutions.*

Clinically, we observe that there is great variation in
immersion periods of impression in disinfectant solutions.
Therefore, this study investigates the effect of immersion
time on the dimensional changes of casts made of different
commercial brands of each type of elastomeric material.
Data analysis showed that all materials presented
dimensional changes over time. In general, xantopren,
permlastic and express displayed contraction after
immersion in disinfectant solutions or storage in 100%
relative humidity, while impregum showed expansion.

Addition siliconesor polyvinyl siloxane (PVS) materias
are considered to have the best performance among the
impression materials used in dentistry.*>'® The optimal
dimensional stability of these materials is due to its
polymerization reaction by addition. In this reaction there
are no by-products, provided that the correct proportions
are maintained and that there are no impurities.1* Although
the dimensional change of these materialsisnot significant,
the results showed that after 60 minutes the molds showed
contraction. Approximation of the monomer and the
polymer chains occurs during polymerization. Due to this
approach, thereis areduction of space between molecules,
leading to contraction of the material ! This polymerization
shrinkage also depends on the amount of filler particles
added to the material .1

When immersed in disinfectant solutions, express had
less shrinkage after 60 minutes compared with the control
group. Although PV Sishydrophobic by nature, thismaterial
hasthe addition of surfactantsin order toimproveitsability
to reproducing details in an environment with high
humidity.'® The presence of these agents improves the
compatibility of hydrophilic PVS with water, but can also
increase the sorption of water when the impressions are
immersed for long periods (60 minutes) in disinfectant
solutions'’ (Fig. 2). In this study, it is assumed that the
sorption of water was somehow beneficial because it
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Fig. 2: Dimensional change of materials after immersion in disinfectant solutions for different periods of time

compensated, in part, the contraction of the material
presented during the polymerization reaction. However,
reportsindicate that water absorption by the material is not
homogeneous, which may cause distortions in the
impression.8

Regarding polysulfide (permlastic), in addition to
contraction due to reduced space that occurred during
polymerization reaction, presents water as its by-product.
The water is formed as a by product of the condensation
reaction of molecules and can be lost through evaporation
on the surface of the material .** Polysulfidesand polyethers
arethe elastomersthat can be considered hydrophilic. They
contain functional groupsthat attract and interact chemically
with water molecules through hydrogen.'® The nature of
the hydrophilic polyether groups is manifested in the
carbonyl (C=0) and ether (COC) groups, while the
hydrophilic groups of polysulfide are disulfide (—SS—)
and mercapto (—SH) groups.® However, it was observed
in this study that the samples of polysulfide (permlastic)
stored in sanitizing solution, showed greater contraction
compared with control group after 60 minutes.

The materia that showed the greatest contraction was
condensation silicone or polydimethylsiloxane (PDS)
(p < 0.05). Unlike permlastic, the by-product of the
condensation reaction of SP (xantopren) is ethyl alcohol.
This explains the poor performance of this material over
time, as the molecular weight of alcohol is higher than that

of water, increasing the polymerization shrinkage.
Furthermore, a cohol hasahigher vapor pressure, facilitating
its evaporation. Therefore, to ensure greater accuracy of
the impressions obtained by condensation silicone, plaster
cast should be prepared immediately after molding.%1%-23
Despite greater polymerization shrinkage, PDS is
hydrophobic, being less susceptible to water sorption by
immersion in disinfectant solutions. This can be seen in
Table 2, which showed no difference between the groups
immersed to the control group, which was not immersed.

In contrast to other types of materials investigated, the
polyether material, impregum, expanded in all experimental
situations. The polyethers are hydrophilic,?® and under
conditions of high or absolute humidity, they absorb water,
causing expansion of the mold and, consequently,
distortion.?* Moreover, its setting mechanism occursthrough
a polymerization reaction of cationic addition with ring
opening. The ionized form of sulfonic ether acid is the
primary source of cations, and each stage of the reaction
involves the opening of aring epimine. Each molecule of
prepolymer has two reactive groups of epimine. Therefore,
individual propagation can produce chain elongation,
causing expansion.**

The choice of disinfectant solutions used in this study
(0.5% sodium hypochlorite and 2% glutaraldehyde) was
due to the fact of its widespread effectiveness in the
elimination of pathogens potentially present on the surfaces
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of impressions.??5% |t is observed in Table 1 that the
samples immersed in 0.5% sodium hypochlorite and 2%
glutaraldehyde showed similar patterns after different
storage periods. These results agree with those reported in
previous works, where no significant difference between
the solutions used to disinfect molds polysulfide, polyether
and PVS were found.®?”2° For PDS (xantopren), the
significant difference between the solutions in times of
5and 10 minuteswas probably related to leaching of alcohol
in disinfecting solutions. However, after 30 minutes of
immersion there was no difference between the solutions.

Dimensional changes around 0.1 to 0.8% are
compensated at some stage during laboratory stepsrequired
in the preparation of the restorations.® Despite the diversity
of results in the literature on the effect of disinfectant
solutions on the dimensional stability of elastomeric
materials, it can be considered that the dimensional
variations observed in this study are not sufficient to create
significant distortions that can compromise the accuracy of
prosthetic restorations.

CONCLUSIONS

Based on the obtained results, it can be concluded that:

e With the exception of polydimethylsiloxane for 5 or
10 minutesthere were no differences between disinfectant
solutions

e Immersion time influenced on dimensiona change of
different impression materials

e Upto 20 minutes, there was no significant dimensional
change for impression materials.
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