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ABSTRACT

Objective: Oral rehabilitation success is enhanced by an accurate and reproducible final impres-
sion. The purpose of this study is to evaluate the dimensional changes of a polyether and add-
ition silicone subjected to disinfection and/or sterilization after a long storage period.

Material and methods: Ninety samples were obtained from polyether Impregum™ Penta™
(3M ESPE™, Seefeld, Germany) and 90 of addition silicone Imprint™ 4 Penta™ Putty (3M
ESPE™, Seefeld, Germany) according to ISO 4823:2000. The samples of each material were split
to form three groups with 30 samples each: a control group, a hypochlorite group (disinfection)
and an autoclave group (sterilization). Samples were stored in the Portuguese Institute for
Quality for six months at 23°C. Samples were measured by laser interferometry, according to
the Michelson technique before calculating dimensional stability according ISO 4823:2000. A stat-
istical analysis via a three-way mixed ANOVA was performed.

Results: Significant shrinkage of Impregum™ Penta™ was 0.77+0.17% in the control group,
0.42+0.19% in the hypochlorite group and 0.52+0.28% in the autoclave group. For Imprint™
4 Penta™ Putty, the control group had a shrinkage of 0.42+0.12%, the hypochlorite group
0.36 £ 0.09% and the autoclave group 0.59 +0.13%.

Conclusions: The long-term storage of samples subjected to disinfection with 5.25% hypochlor-
ite or autoclave sterilization can be used in a clinical setting as the dimensional changes are
below the maximum permitted by the 1SO 4823:2000, since there are no clinically significant
changes in the dimension of the samples during the storage period.
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Introduction distortion under various storage conditions [6].
Several authors demonstrated that there are differen-
ces between the two materials [4,7,8]. Unlike VPS, PE
has an hydrophilic nature, which can lead to the
absorption of water [4,7,8], and the casting of this
material should be conducted 1h after making the
impression [7-9]. The VPS may be cast immediately

after removal from the oral cavity or weeks after com-

Impression materials are presently still a relevant
material for wuse in restorative dentistry [1-3].
Impressions are used to transfer the information from
the patient’s mouth to a stone analog cast, which can
aid in making a diagnosis and a correct treatment
plan, critical to the success of final prosthetic restor-
ation [4].

The impression material selected by the dentist
must provide good dimensional stability and precision
in detail reproduction. The material should not suffer

pleting the impression, since it is not susceptible to
moisture changes, and there are no products derived
from the polymerization reaction [5,9-13]. VPS

changes during the disinfection or sterilization proc-
esses and should allow adequate storage stability over
time [5,6].

Elastomers are the most commonly used impres-
sion material in dentistry [1]. Within this group, poly-
ethers (PE) and addition silicones/vinyl polysiloxanes

material exhibits better reproduction of detail and
greater dimensional long-term stability when com-
pared to PE [4,5,9-13].

Impression materials come into contact with poten-
tial sources of contamination, such as blood and saliva
that might contain pathogens [14]. Thus, to prevent

(VPS) exhibit excellent dimensional stability against  transmission of infectious diseases (hepatitis B,
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hepatitis C, human immunodeficiency virus, herpes,
tuberculosis), it is fundamental to perform cross-infec-
tion control procedures, such as sterilization and dis-
infection, by dental practices and laboratories
[3,15,16].

Although there are several disinfection methods
proposed, chemical disinfection of impressions by
immersing in a disinfectant solution is considered the
most practical and reliable way [6,17]. The ADA rec-
ommends that the molds must be disinfected by soak-
ing with compatible products [18]. The selected
disinfectant solution should demonstrate high effect-
iveness in the reduction of pathogenic microorgan-
isms without interfering with the dimensional stability
or ability to reproduce details of the material [1,16].

Unlike disinfection, sterilization is a procedure that
guarantees the elimination of all microorganisms [19].
There is no universally accepted method of steriliza-
tion, but the literature suggests that the autoclave is
considered the most effective method [6,18], although
its effects on the dimensional stability of the elasto-
meric impression materials are not sufficiently
described in the literature [20].

After disinfection or sterilization, the impressions
are cast in stone. The dimensional stability of the
impression materials depends on the time elapsed
between the completion of the impression and their
casting, thus storage time is critical to obtain reliable
casts [21].

Several authors have studied impressions after dis-
infection or sterilization [22-29] without a clear
agreement. Some claim disinfection and sterilization
has no adverse effect on the dimensional stability of
impressions [15,24,30], while others point to possible
adverse effects [25,31].

Walker et al. [32] pioneered the development of
studies on the dimensional stability of long-term
impression materials, introducing the variable disin-
fection and sterilization of materials. Her research
proposed a maximum storage time of silicones for
2 weeks; however, the literature suggests that impres-
sions can be reused weeks or months after the setting
of the material [2,32,33]. Thus, the present study
seems to be innovative and appropriate, since there
are no studies correlating a 6-month storage time
along with the variables of disinfection and
sterilization.

The objective of this study is to evaluate the
dimensional changes of a VPS and a PE after disinfec-
tion and sterilization after a 6-month storage period.
The null hypothesis is that there is no dimensional
change of the materials studied, while the alternative
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suggests there is dimensional change in the materials
studied after disinfection and after sterilization after a
6-month storage period.

Materials and methods

For this study, Imprint™ 4 Penta™ Putty Impression
Material (3M ESPE™, Seefeld, Germany, Lot 549538)
as a VPS and as a PE, Impregum™ Penta™ (3M
ESPE™, Seefeld, Germany, Lot 559739).

The samples were obtained following ADA specifi-
cation No 19 and ISO 4823:2000 protocol [34]. This
ISO specifies the use of a block test, a specific metallic
cylindrical matrix/block test and a metal ring/ring
mold (Figures 1 and 2). Both metal pieces were
washed with deionized water in ultrasound for two
cycles and then placed in an oven at 37°C for 15min
prior to sample producing.

Figure 1. Block test and ring mold made according to 1SO
4823:2000.
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Figure 2. Superior view of the block test. Lines 1 and 2 have
a width of 50 and 20 microns, respectively. Lines 3, 4 and 5
have a width of 75.
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The VPS and PE were manipulated using the
automatic mixer Pentamix 2 (3M ESPE™, Seefeld,
Germany) in accordance with the manufacturer’s
instructions. The obtained mixture was dispensed into
the ring-matrix assembly. A rigid metal plate covered
with a sheet of ethylene, was subsequently placed over
the assembly, to ensure firm sealing of the material in
the metal matrix. A two kilogram weight was placed on
the sheet covering the metal plate so that the material
was subjected to a constant force during the setting and
in order to mimic the strength of the operator while
making an impression. The entire assembly was
immersed in a water bath at 35°C to mimic the tem-
perature of the oral cavity. To the setting time indicated
by the manufacturer for both the PE (3:15min) VPS
(2:30 min), 3 min were added to ensure complete poly-
merization of both materials.

After the setting of the materials, they were
removed from the bath. The samples were separated
from the matrix, labeled, washed and dried with
blown air. In order to approve a sample for testing,
all samples were observed under a 4x magnifying
glass Leica Stereo Zoom (Leica Microsystems,
Wetzlar, Germany) by a single calibrated operator, in
order to verify the continuity of the 75 micron line. If
there was a continuity of the line, the sample was
accepted.

Ninety (90) samples of each material were obtained
and randomly distributed in three groups:

e Sodium hypochlorite at 5.25% group: the samples
were subjected to chemical disinfection by immer-
sion in a sodium hypochlorite solution at 5.25%
for 10 minutes.

e Autoclave group: the samples were subjected to an
autoclave sterilization protocol in a 40-minute
cycle at 134°C.

e Control group: the samples were not subject to
any type of sterilization or disinfection protocol.

All samples were measured twice, after sterilization
or disinfection (T0) and after a 6-month storage (T1).
Control group samples were measured after being
obtained and at T1. The measurement protocol
followed the guidelines of ISO 4823:2000. A Stemi
2000-C stereomicroscope (Carl Zeiss, Oberkochen,
Germany) with a 12x magnification cross hair reticle,
equipped with a XY table (only used for stabilizing the
sample).

These instruments were mounted on cart that runs
on a SIP3002M (Société Genevoise DInstruments de
Physiques, Geneva, Switzerland) rail. The cart also has
a mirror to reflect the laser beam.

As the cart moves horizontally on the rail, it allows
for all measurements to be made on the same axis
with a HP® 5508 A (HewlettPackard, Santa Clara, CA)
Michelson interferometer with an accuracy of 10 nm.

For each sample, the distance from the vertical
lines 4 and 5 was measured three times for each hori-
zontal line (1, 2, and 3), to ensure reproducibility of
the method (Figure 2), making a total of nine meas-
urements in each sample. The same measurement
method was applied to the mold before the impres-
sions were made in order to calculate the dimensional
change. The percentage of dimensional change for
each specimen was calculated according to the for-
mula presented by ISO 4823:2000:

L1 —-12
AL = < )xlOO
L1

where L1 represents the distance measured between
the two vertical lines (4 and 5) on the mold and L2
represents the distance measured between the vertical
lines (4 and 5) on the samples.

The samples were stored in the metrology depart-
ment of the Portuguese Institute of Quality at
20+2°C at 70% humidity.

The data were introduced to IBM SPSS Statistics
software - version 20.0. (IBM SPSS Statistics,
Armonk, NY) A statistical analysis via three-way
mixed ANOVA was performed. The presence of stat-
istically significant differences or statistically signifi-
cant interaction between groups is accepted in
accordance with the level of significance p < .05.

Results

From the 180 samples, a total of 3240 measurements
were recorded, 1080 for each group. Average dimen-
sional change of PE and VPS samples in all groups at
the two measurement times can be found in Figure 3.
At TO, the autoclave group has the highest average
dimensional change (0.30+£0.30% for PE and
0.30£0.12% for VPS) and the control group has the
lowest average dimensional change (0.13+£0.19% for
PE and 0.12+0.18% for VPS). In T1, the hypochlorite
group has the lowest average dimensional change for
both materials (0.64 +0.23% for PE and 0.52 +0.24%
for VPS). In T1 for the PE, the control group has the
highest average dimensional change (0.90+0.26%),
and for the VPS, the autoclave group is the group
that has the highest dimensional change
(0.87 £0.13%).

A three-way mixed ANOVA was run to understand
the effects of material, studied groups and time on
dimensional stability. There was a statistically
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Figure 3. Descriptive statistics of PE and VPS groups with mean values and standard deviation at TO and T1 time level.

significant three-way interaction between time, mater-
ial, and studied groups (p <.001).

There was a statistically significant simple two-way
interaction of material and groups at the T1 level
(p <.025), but not at the TO level (p=.794). That
interaction arises from the statistically significant dif-
ferences between the control groups of the two mate-
rials (p < .05). Statistical significance of a sample main
effect was accepted at a Bonferroni-adjusted alpha
level of 0.025.

According to sample main effects in the autoclave
and hypochlorite groups, after the 6 months of stor-
age, there were no significant differences in the
dimensional  behavior between two materials
(p > .025). So, the PE and VPS when subjected to ster-
ilization or disinfection do not differ in their dimen-
sional behavior after a 6months storage of the
samples, but when no cross-infection control proced-
ure is applied PE (0.90+0.26%) presents higher
shrinkage when compared to VPS (0.53+0.19%)
(Table 1).

According to the sample comparisons, VPS control
and VPS hypochlorite are different from VPS auto-
clave (p <.05) at T1 time level. A statistically signifi-
cant difference (p<.05) of PE control and PE
autoclave with PE hypochlorite was also found at T1
(Table 1).

There are statistically significant differences
between the two measurement times in all groups for
both materials, p < .05 (Table 1). Thus, all the PE and
VPS groups had significant dimensional changes of

Table 1. Descriptive and three-way ANOVA analysis between
the three variables.

TO T Shrinkage
(Mean %+ SD) (Mean % +SD) (Mean % + SD) p

PE
Control 0.13+0.19  090+026% 077+0.17 p<.05°"
Hypochlorite  0.22+0.19  0.64+023° 0.42+0.19
Autoclave 030+030  0.83+0.32 0.52+0.28
VPS
Control 0.12+0.18  053+0.19°  042+0.12 p<.05°"
Hypochlorite  0.16+022  052+0.24°  0.36+0.09
Autoclave 0.30+£0.12 0.87+0.13 0.58+0.13
p=.794" p < .025>*

*|dentifies a statistically significant differences, for a 95% confidence
level.

#ldentifies a statistically significant interaction, for a 95% confidence level.
*Three-way mixed ANOVA - between-subjects effects.

PThree-way mixed ANOVA — within-subjects effects.

“Statistically significant differences with autoclave group - pairwise
comparisons.

dstatistically significant differences with hypochlorite group - pairwise
comparisons.

“Statistically significant differences with VPS material - pairwise
comparisons.

the samples during their storage period. In the PE,
the group that experienced smaller dimensional
changes was the hypochlorite, with a statistically sig-
nificant shrinkage of 0.42 +0.19%, the autoclave group
and control groups where there were greater dimen-
sional changes of the samples, with a statistically sig-
nificant shrinkage of 0.53+0.28% and 0.77 £0.17%,
respectively (Table 1). For the VPS, the group that
experienced the least changes to the dimensions of the
samples was the hypochlorite, with a statistically sig-
nificant shrinkage of 0.36+0.09%. The autoclave
group and the control group were the groups where
there was greater dimensional change of the samples,
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with a shrinkage of 0.57+0.11% and 0.41+0.12%
(Table 1).

Discussion

Dimensional stability of impression materials has been
a constant subject of study and researchers have at
their disposal various methods for evaluating the
dimensional stability [16,35]. This study resorted to
ADA specification no. 19 and ISO 4823:2000, since it
is an easily reproducible method among investigators,
allowing direct comparison between studies with vari-
ous materials [20]. However, as with any in vitro
investigation there are limitations. The accuracy of
this method depends upon the operator who is in
charge of the measurements and the microscopic
readability [6]. Another disadvantage is the fact that
the materials tested did not present a clinically rele-
vant shape and the impression is performed without
the presence of moisture or saliva. This means that
the execution and removal of the impressions, as well
as the deformation suffered does not mimic the clin-
ical condition [2,5-7,32]. However, as the objective of
the study is to evaluate dimensional changes introduc-
ing the variable time, sterilization, and disinfection, it
becomes important to reduce the number of associ-
ated variables. A third limitation is based on the fact
that the measurements are carried out on a flat sur-
face eliminating the possibility to detect dimensional
changes in three dimensions [6]. The fact that the two
materials have comparable viscosities did not affect
the outcome as the results are very similar.

The Michelson method allows a direct measure-
ment of the sample and has a high accuracy and pre-
cision of results [36,37]. ISO 4823:2000 requests an
accuracy of 0.0l mm for the measuring technique.
However, in the present study, the use of a Michelson
interferometer allowed an accuracy of 0.00001 mm.

The samples were subjected to two different proce-
dures, all common in dental practice. In the control
group, no sterilization or disinfection procedure was
performed, and this group was used for comparative
purposes and control of the behavior of both
materials.

A disinfection protocol by immersion of the sam-
ples in a sodium hypochlorite solution at 5.25% for
10 min was employed in the hypochlorite group. This
concentration is known to have virucidal, fungicide
and bactericide properties and is adequate to allow
disinfection [6,31]. We chose an immersion time of
10min since there are several authors advocating it
[6,15,22,23,30,31]. This time is below the maximum
immersion period allowed by ADA, which is 30 min

[6]. One can question why the ADA does not estab-
lish a minimum time period. Adabo et al. [15] state
that the disinfection of PE and VPS with a 5.25%
hypochlorite solution for 10 min is not only effective
in reducing the number of microorganisms present on
the material surface, it causes no significant dimen-
sional changes in the impressions. Langenwalter and
Tullner, who studied the same materials with similar
disinfection protocols, also obtained the same conclu-
sions [23,30]. Kern et al. [22] made use of an immer-
sion of the impressions in a solution of
glutaraldehyde and sodium hypochlorite for 10min
and observed that these two disinfection protocols do
not cause clinically significant adverse effect on the
dimensional stability of the impressions.

In the autoclave group, the samples were subjected
to a 40-min sterilization cycle at 134°C in a steam
autoclave as this is considered the most effective
method of sterilization. Nonetheless, there are insuffi-
cient studies on the effects of this procedure on the
stability and reproducibility of the impressions [20].
Nassar et al. studied the dimensional stability of
a VPS during 2weeks of storage and found
small dimensional changes that were statistically
significant [5].

The results obtained in our study demonstrate a
statistically significant distortion of the samples during
the 6 months of storage. The ISO 4823:2000 sets a
maximum dimensional change of 1,5% for type 0
materials, such as PE and VPS [34]. However, the
maximum dimensional changes obtained in this study
were 0.90 +0.26%, which shows that the dimensional
changes over the storage of the materials are not clin-
ically significant.

Some authors claim that disinfection and steriliza-
tion have no adverse effect on the dimensional stabil-
ity of impressions [15,24,30], while others point to
possible adverse effects [25,31]. Tullner et al. [30]
found that the disinfection or sterilization of impres-
sions did not produce clinically significant changes in
their dimensions. Other authors noted, as showed in
this study for both materials, that the disinfection
of the impressions brings in the long term benefits
over the impressions which have not undergone this
process [25,31]. In fact, samples subjected to disinfec-
tion by immersion in 5.25% sodium hypochlorite
solution after 6-month storage showed less dimen-
sional change when compared with the control group
and autoclave group.

Thouati et al. [31] observed, after disinfection of
the elastomers by immersion in a 5.25% hypochlorite
solution for 30 min, a significant dimensional change



of the impressions (between —0.008% and 0.29%),
and that this dimensional change is smaller when
compared to the impressions that did not undergo
disinfection by immersion. Although the disinfection
in our study was carried out for only 10min, our
results are corroborated by the previous work of
Thouati et al. [31]. For the PE hypochlorite group,
after 6 months, shows a shrinkage of 0.64% and the
control group0.90%; VPS hypochlorite group has a
shrinkage of 0.52% and 0.53% in the control group.
In fact, the effect of the disinfectant solution was not
significant on the dimensional variations of these
materials, showing that applying cross-control infec-
tion procedures, such as disinfection, is favorable
from a clinical viewpoint. Martin and Jedynakiewicz
in 2007 stated that Aquasil® Monophase (Dentsply,
Caulk) had a very low shrinkage of just 0.05% and
Impregum ™ F (3M ESPE, St Paul, MN) presented a
greater dimensional change after immersion in
sodium hypochlorite 5.25% [36]. The fact that the PE
is a hydrophilic material justifies the further dimen-
sional change that this material undergoes when com-
pared with VPS [36]. This idea is supported by our
results, since the PE hypochlorite group suffered a
shrinkage of 0.64% and the VPS hypochlorite group a
shrinkage of 0.52%. Nassar and Chow [26] suggest
that because of the hydrophilic structure of PE this
material imbibes a greater amount of disinfectant
solution during the disinfecting procedure resulting in
a higher dimensional change and a greater shrinkage
due to the loss of volatile components over time.

This study did not further elucidate the reason why
the dimensional changes in both materials were infer-
ior in the hypochlorite group. According to Sinobad
etal chlorine at 5.25% is a highly reactive element and
could react with impression materials and adhere on
the material [6]. However, Oda speculated that the
samples disinfected with hypochlorite at 5.25% may
have some disinfectant uptake during the disinfection
procedure [27]. This interaction between the hypo-
chlorite and the constituents of the impression mater-
ial might result in a ‘sealing’, preventing or reducing
the dimensional change over time. It seems there are
indeed possible beneficial effects of disinfection by
immersion in 5.25% NaOCl for 10min [27]. After
this period, there is a chemical stabilization where
minor changes in the dimension of the material can
occur [6,27].

According to Thota et al. [20] autoclaving is the
most effective sterilization procedure for VPS, but for
PE this procedure is not recommended. For PE, the
disinfection procedure should be the one specified by
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the manufacturer. However, the present study found
that the autoclave group for VPS has a shrinkage over
the 6 months of 0.87%, higher than the hypochlorite
group, in other words, the largest dimensional change
resided in the autoclave group.

This study revealed no statistically significant dif-
ferences between VPS and PE when compared at TO.
In T1 there were only statistically significant changes
between the two materials in the control group, while
the PE has a higher shrinkage than VPS. These results
can be explained by the hydrophilic nature of PE
[23,28,29]. Chen et al. [38] concluded that prolonged
storage causes dimensional changes in VPS; however,
these changes are lower when compared with those
which occur in other materials. Nassar studied the
dimensional change in two VPS materials EXA’lence
370 Monophase (GC America Inc Alsip, III and
ImprintTM 3 Monophase (3M ESPE™, St Paul, MN)
and one PE ImpregumTM Penta™ (3M ESPE™ AG,
Seefeld, Germany) after two weeks of storage and con-
cluded that changes in PE are higher than in VPS;
however, in both types, these changes are not clinic-
ally significant [5]. Walker et al. [39] evaluated the
dimensional stability of a PE and a VPS after disinfec-
tion after a two-week storage period and concluded
that the PE showed significant dimensional changes
after storage, while the VPS did not show significant
changes in its dimension.

Both materials exhibit dimensional changes when
subjected to disinfection and sterilization. Hence, the
null hypothesis at the 5% level is rejected. The long-
term storage of samples subjected to disinfection with
5.25% hypochlorite or autoclave sterilization can be
used in a clinical setting as the dimensional changes
are below the maximum permitted by the ISO
4823:2000, since there are no clinically significant
changes in the dimension of the samples during the
storage period.

More studies on disinfection, sterilization, and stor-
age conditions of impression materials are necessary
to ensure greater success of clinical procedures and
cross-contamination prevention.
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