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Statement of problem. A major limitation of vinyl polysiloxane (VPS) impression materials is their hydro-
phobicity. There are 2 aspects to this problem, the wettability of the polymerized impression by dental gypsum
materials and the ability of the unpolymerized material to wet intraoral tissues. To address this problem,
manufacturers have added surfactants and labeled the new products as hydrophilic vinyl polysiloxane.
Purpose. The purpose of this investigation was to compare dimensional accuracy and surface detail reproduc-
tion of 2 hydrophilic VPS impression materials, when used under dry, moist, and wet conditions.
Material and methods. A total of 102 impressions were made of stainless steel metal dies similar to those
described in American Dental Association (ADA) specification 19. The dies had 2 vertical and 3 horizontal lines
inscribed on their superior surfaces. Impressions were made under dry, moist, and wet conditions. Dimensional
accuracy was measured by comparing the average length of the middle horizontal line in each impression to the
same line on the metal die, by use of a measuring microscope with an accuracy of 0.001 mm. A 2-way analysis of
variance and least significant difference post hoc test were used to compare mean dimensional changes (��.05).
Surface detail reproduction was evaluated in 2 ways: (1) by use of criteria similar to ADA specification 19 for detail
reproduction, continuous replication of at least 2 of the 3 horizontal lines, and (2) by use of a method developed
for this study that categorized the impressions as satisfactory or unsatisfactory based on their surface character-
istics: presence of pits, voids, or roughness. Pearson �2 (��.05) was used to compare detail reproduction results.
Results. Conditions (dry, moist, and wet) did not cause significant adverse effects on the dimensional
accuracy of either material. The mean dimensional change and SD were 0.005% � 0.002% or less. With both
surface detail analyses, dry, moist, and wet conditions had a significant effect on the detail reproduction of
both materials (P�.05). Only under dry conditions did both impression materials continuously replicate at
least 2 of the 3 horizontal lines 100% of the time. Under moist conditions, 82% of the Aquasil impressions
and 100% of the Reprosil impressions were judged satisfactory, while under wet conditions, only 47% Aquasil
and 11% Reprosil impressions were satisfactory. With the additional surface detail characterization, only
under dry conditions were impressions produced with clinically acceptable surface quality (Aquasil 77% and
Reprosil 100% satisfactory).
Conclusions. Dimensional accuracy of both materials tested was well within ADA standards. Best surface detail
results were obtained only under dry conditions for both materials. (J Prosthet Dent 2003;90:365-72.)

CLINICAL IMPLICATIONS

Although the 2 impression materials tested in this in vitro investigation are advertised as
hydrophilic, evaluation of the impressions’ surface characteristics revealed that both materials
performed reliably only under dry conditions. Under moist and wet conditions, both materials
performed inconsistently. These results suggest that when these materials are used, moisture
control remains a vital factor for predictable success.
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The widespread use of additional reaction silicone
impression materials, also known as vinyl polysiloxane
(VPS) materials, is attributed to their dimensional accu-
racy and stability.1,2 Other advantages of VPS materials
include excellent elastic recovery, ease of handling, abil-
ity to produce multiple casts from 1 impression, and
good detail reproducibility.2-5

VPS impression materials have application in a wide
variety of situations in both fixed and removable prosth-
odontics.2,6-8 Accurate reproduction of the prepared
tooth or edentulous arch is of critical importance in the
fabrication of a fixed or removable restoration. Inaccu-
racies in the replication process will ultimately have an
adverse effect on the fit and adaptation of the final res-
toration.1,3,9 VPS impression materials are very accurate
when used in clinical dental practice.1-3,5,10,11 The di-
mensional accuracy of a material is usually time depen-
dent; for example, a material may be highly dimension-
ally accurate soon after its initial polymerization but less
accurate after storage for a period of time.3,12 Dentists
have been reported to delay pouring of impressions up
to 72 hours13; therefore, it is important that an impres-
sion material remain dimensionally accurate for this pe-
riod of time. VPS impression materials have demon-
strated superior dimensional stability when compared
with other elastomeric materials, primarily because they
do not release any by-products.1,3,5,12,14

A significant limitation of VPS impression materials is
their hydrophobicity.2,4,5,9,15-17 This hydrophobicity
can be explained by the material’s chemical structure,
which contains hydrophobic, aliphatic hydrocarbon
groups surrounding the siloxane bond.3,18 In contrast,
polyether and polysulfide impression materials are more
hydrophilic than VPS because of chemical structures
containing available functional groups that attract and
interact with water molecules through hydrogen bond-
ing.18,19 The hydrophilic structures present in polyether
impression material are represented by carbonyl (C�O)
and ether (C-O-C) groups, whereas polysulfide impres-
sion material contains hydrophilic disulfide (-S-S-) and
mercaptan groups (-S-H).3,18

There are 2 different aspects of the hydrophobic na-
ture of VPS impression materials. The first aspect relates
to the surface free energy of the solid, polymerized VPS,
and the high contact angle that typically forms when
polymerized VPS impressions are wetted with dental
gypsum materials.4,9,15,17,19 The second aspect relates
to the surface free energy of the unpolymerized, liquid
phase of the impression material, and the ability or lack
of ability of the liquid VPS to wet oral tissues during
impression-making.2,5,16,19,20 In the literature, the term
hydrophobicity has been used interchangeably to describe
these 2 phenomena, creating confusion.2,5

As mentioned previously, VPS typically behaves hy-
drophobically when poured with gypsum slur-
ries.1,9,15,17 To overcome this limitation, manufacturers

have incorporated intrinsic surfactants (nonylphenoxy-
polyethanol homologues)4,21 and marketed these mate-
rials as hydrophilic VPS. These hydrophilic VPS impres-
sion materials have exhibited increased wettability of the
polymerized impression with gypsum slurries.9,17 How-
ever, when hydrophilic VPS impression material was
used clinically in the presence of moisture in the form of
water, saliva, crevicular fluid, or blood, decreased accu-
racy of the produced impression was reported.5 This
inaccuracy in the presence of moisture suggests that the
VPS hydrophilic additives may not enhance the ability of
the unpolymerized VPS to wet the oral tissues under
partial or complete moisture conditions. The purpose of
this study was to evaluate 2 syringe forms of hydrophilic
VPS impression materials allowed to polymerize under
dry, moist, and wet conditions. The dimensional accu-
racy and the surface detail reproduction were evaluated
on impressions made with the 2 materials under the 3
conditions.

MATERIAL AND METHODS

On the basis of dimensional accuracy pilot data and a
power analysis, 51 impressions for each material (17
specimens per group) would meet the constraints of
��.05 and power�.80.

Impression procedure

The materials used in this study were a hydrophilic,
medium-bodied, type I VPS impression material (Re-
prosil, Lot No. 011003, Dentsply/Caulk, Milford, Del)
and a quadrafunctional, hydrophilic, heavy-bodied, type
I VPS impression material (Aquasil Monophase, lot no.
010517, Dentsply/Caulk). Seventeen impressions of
each material were made under each of the 3 conditions,
dry, moist, and wet. Manufacturer’s mixing instructions
were followed for all procedures.

Three standardized stainless steel dies (similar to
those described in ADA specification 19),22 scored with
3 horizontal and 2 vertical lines, were used for impres-
sion making. The horizontal lines were labeled 1, 2, and
3. The width of the horizontal lines was 0.016 mm. Two
cross-points at the intersection of the vertical lines with
line 2 were marked x and x' and served as the beginning
and end points of measurements for dimensional accu-
racy (Fig. 1). The dies were labeled 1, 2, and 3, and each
die was assigned to 1 of the 3 conditions, dry, moist, or
wet, respectively. Before impression making, the dies
were ultrasonically cleaned to remove any residue and
allowed to air dry. Care was taken to avoid contamina-
tion of the surface of the die before making impressions.

Impressions were made using an automixing impres-
sion gun (Dentsply/Caulk) and prepackaged cartridges
of the impression material. Latex gloves were not worn
during material application because of their potential
inhibitory effect on the polymerization of VPS materi-
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als.23 The cartridge was bled in compliance with manu-
facturer’s recommendations to ensure proper dispensing
ratios. For impressions made under dry conditions, the
material was loaded into a fine-tipped impression syringe
(Dentsply/Caulk) and applied to the lined areas of the
dies. The impression material was pushed ahead of the
syringe tip. This technique yielded the fewest voids as
shown in the pilot study. Custom-made plastic molds
were placed on the beveled edges of each die, to contain
the material and ensure a consistent thickness of 3 mm.
A polyethylene sheet (DensSilk; Reliance, Worth, Ill)
and a rigid, flat, metal plate were placed on top of the
molds to contain the material as described in ADA spec-
ification 19.22 To simulate oral conditions in which the
impression material would polymerize in an aqueous
environment, the dies with the applied impression ma-
terial were transferred into a water bath maintained at
32°C � 2°C.

For the impressions made under moist conditions, a
fine mist of water (32°C � 2°C) from a spray bottle was
applied to the surface of the die before the impression
material was syringed onto the die surface. Care was
taken to ensure that the entire die was covered with a
uniform mist of water, avoiding any excess or beading.
The same procedures as described above were followed
to obtain the impressions.

For making the impressions under wet conditions,
the metal die was immersed in a water bath before the
application of the impression material. With the tip of
the impression syringe under water, the material was
injected onto the surface of the die, following the pro-
cedure as described previously.

The medium-bodied type I VPS impressions (Repro-
sil) were recovered from the water bath 9 minutes after
the material was first applied onto the die, whereas the
heavy-bodied type I impressions (Aquasil) were recov-
ered after 8 minutes. The impressions were allowed to
set for 3 minutes longer than manufacturer’s recom-
mended minimal removal time as indicated in ADA
specification 19 for laboratory testing.22

After each impression was allowed to air dry, an alpha
numeric coding system was used to ensure blind evalua-
tion. Each impression base was marked with a number that
when matched with a master sheet, corresponded to the
impression material used and the condition under which
the impression was made. Blinded evaluation was used for
both the measurement of dimensional accuracy and the
evaluation of detail reproduction. The polymerized im-
pressions made from the 2 materials were different colors;
thus although the investigators could not distinguish the
conditions under which the impressions were made, they
could distinguish which of the 2 materials was used.

Evaluation of dimensional accuracy and
surface detail reproduction

Dimensional accuracy was evaluated 24 hours after
making each impression. A single investigator measured
the length of line 2 between cross points x and x' for
each impression (Fig. 1). This measurement was made 3
times to the nearest 0.001 mm at original magnification
�10 using a measuring microscope (Unitron Bi5-3174;
Bohemia, NY). The 3 measured lengths were averaged
and compared with the measurement of line 2 on the
metal die used to make the impression.

Two independent examiners also evaluated surface de-
tail reproduction. Surface detail reproduction was evalu-
ated immediately after the impressions were recovered
from the dies. Evaluation was achieved using 2 methods.
The first evaluation was an assessment of the continuity of
line replication according to ADA specification 1922 with a
slight modification. Rather than only evaluate the continu-
ity of 1 of the 3 horizontal lines in 2 out of 3 specimens, all
3 lines were assessed for each specimen. If at least 2 of the
3 horizontal lines were reproduced continuously between
cross-points, this impression was considered satisfactory.
All others were rated unsatisfactory. This modification was
made to attain the power analysis parameters and maintain
a manageable sample size.

Preliminary results from the pilot study revealed that
although some impressions would be rated satisfactory
for detail reproduction according to the protocol de-
scribed above, they exhibited surface characteristics such
as roughness, pits, and voids on other areas of the im-
pression. In clinical situations, if these imperfections
were located in critical areas, such as preparation finish
lines, they would render the impression unacceptable. It
was decided that an additional evaluation of the impres-

Fig. 1. Stainless steel die with 3 horizontal lines (1, 2, 3) and
2 vertical lines. Intersection of cross lines x and x' served as
beginning and end points of line used for measurement of
dimensional accuracy.
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sions was necessary; consequently, a macroscopic evalu-
ation of the impression’s smooth surface was developed
and included in this study. For this additional macro-
scopic evaluation, impressions were rated satisfactory if
the entire impression surface was smooth, shiny, and free
of voids or pits; and impressions were rated as unsatis-
factory if the impression surface was rough or contained
any pits or voids.

Statistical analysis

This study used a 2-factor completely randomized
design. A 2-way analysis of variance (ANOVA) was used
to compare the mean dimensional changes of the 2 ma-
terials under the 3 conditions at an ��.05 level. The
least significant difference (LSD) test was used as a post
hoc test for pairwise comparisons. Pearson �2 (��.05)
was used to compare detail reproduction of the 2 mate-
rials under the 3 conditions as determined by criteria
similar to ADA specification 19 and the additional
smooth surface characteristic evaluation.

RESULTS

The mean scores for the 3 measurements between
cross points x and x' (line 2) in each impression were
compared with the line 2 measurement obtained from
the metal die used for the impression. The percent
change from the metal die was computed. The mean
percent changes and SDs between the measurement on
the impressions and the standard die are displayed
graphically in Figure 2.

A 2-way ANOVA was performed on the percent-
change data for measured lengths for the 2 impression
materials under the 3 conditions. No statistically signif-
icant interactive effect was found among conditions

(dry, moist, or wet) for either material. This result indi-
cated that the dimensional accuracy as measured by the
ADA specification 19 was not affected by the conditions
in either material. However, statistically significant dif-
ferences (P�.05) were found between the 2 materials.
The heavy-bodied, type I VPS (Aquasil) exhibited less
percent change in dimensional accuracy compared to
the medium-bodied, type I VPS (Reprosil). Mean per-
cent change of the heavy-bodied, type I VPS (Aquasil)
across conditions was 0.0008% � 0.0009% whereas
mean percent change of the medium-bodied, type I VPS
(Reprosil) across conditions was 0.004% � 0.001%.
However, when these percent changes in dimensional
accuracy were compared with ADA specification 19
standards, both materials exhibited acceptable dimen-
sional accuracy, well below 0.5% dimensional change.22

Surface detail reproduction was first evaluated based
on criteria similar to ADA specification 19 (2 of the 3
horizontal lines were reproduced continuously between
cross-points).22 Data for the 2 materials under the 3
conditions are shown in Table I. Dry, moist, and wet
conditions had a significant effect on the detail repro-
duction for both materials (Pearson �2, P�.05). Impres-
sions made from both materials under dry conditions
were 100% satisfactory, reproducing at least 2 of 3 lines
continuously. Under moist conditions, only 82.4% of
the heavy-bodied, type I VPS (Aquasil) impressions
were satisfactory, whereas 100% of the medium-bodied,
type I VPS (Reprosil) impressions were satisfactory. Un-
der wet conditions, 47.1% of the heavy-bodied, type I
VPS (Aquasil) and 11.8% of the medium-bodied, type I
VPS (Reprosil) impressions were satisfactory. It should
be noted that when a pit or void was seen on a line, this
line was considered discontinuous. In Figure 3, impres-

Fig. 2. Mean values and SDs of percent dimensional change between each impression material and metal die. Terms dry,
moist, and wet refer to conditions under which impressions were made.
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sions in 3a and 3b are examples of satisfactory impres-
sions for detail reproduction, with at least 2 of 3 hori-
zontal lines continuously reproduced. It is important to
note that although the impression in Figure 3b exhibited
imperfections, the imperfections were not directly asso-
ciated with the horizontal lines and were therefore not
accounted for in the ADA specification.

For the additional macroscopic evaluation of the im-
pressions’ smooth surfaces, the produced impressions
were rated as satisfactory or unsatisfactory, based on the
presence or absence of voids or pits on the entire surface
of the impression (Table II). Pearson �2 revealed that
the 3 conditions had a statistically significant effect on
each material (P�.05). Under dry conditions, 76.5% of
the heavy-bodied, type I VPS (Aquasil) impressions
were smooth and shiny, whereas 100% of the medium-
bodied, type I VPS (Reprosil) impressions were smooth
and shiny (Fig. 3). Under moist conditions, only 17.6%
of the heavy-bodied, type I VPS (Aquasil) impressions
were smooth and shiny, whereas 70.6% of the medium-
bodied, type I VPS (Reprosil) impressions were smooth
and shiny. Under wet conditions, both materials failed
to produce acceptable impressions, because all impres-
sions were pitted and voided. Figure 3b and 3c present
impressions rated as unsatisfactory because there was
evidence of some pitting in the impression’s smooth
surface.

Table I. Percentage of satisfactory and unsatisfactory
impressions according to criteria based on ADA
specification 19 for acceptable surface detail reproduction

Impression
materials

Condition
(n � 17)

Satisfactory
(%)

Unsatisfactory
(%)

Aquasil Dry 100 0
Moist 82.4 17.6
Wet 47.1 52.9

Reprosil Dry 100 0
Moist 100 0
Wet 11.8 88.2

Fig. 3. Representative impressions made with Reprosil ma-
terial under dry (3a), moist (3b), and wet (3c) conditions.
Specimen in 3a was rated satisfactory for detail reproduction
according to both criteria based on ADA specification 19 and
macroscopic evaluation. Specimen in 3c was rated unsatis-
factory for both evaluation techniques. Specimen in 3b was
acceptable according to criteria based on ADA specification
19 and unacceptable for macroscopic surface evaluation.

Table II. Percentage of satisfactory and unsatisfactory
impressions assessed with additional smooth surface
evaluation

Impression
materials

Condition
(n � 17)

Satisfactory
(%)

Unsatisfactory
(%)

Aquasil Dry 76.5 23.5
Moist 17.6 82.3
Wet 0 100

Reprosil Dry 100 0
Moist 70.6 29.4
Wet 0 100

Satisfactory: Impression surface was smooth, shiny, and free of voids or pits.
Unsatisfactory: Impression surface was rough or exhibited voids or pits.
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DISCUSSION

VPS impression materials have demonstrated very
good dimensional accuracy, exhibiting the ability to
closely reproduce the dimensions of the impressed
surfaces.1-3,5,10,11 In addition, hydrophilic VPS has
exhibited comparable dimensional accuracy to con-
ventional VPS, when allowed to polymerize in a dry
field.24 When ADA specification 19 protocol was used
to measure dimensional accuracy, the evidence from
this investigation indicated that the dimensional ac-
curacy of 2 hydrophilic VPS impression materials was
not adversely affected by the presence of moisture.
ADA specification 19 criteria state that elastomeric
impression materials should not display more than
0.5% dimensional change after 24 hours of polymer-
ization of the material.22 Both materials used in this
study were well within these standards, displaying
mean dimensional changes of 0.005% (�0.002%) or
less.

In addition to the measurement of dimensional accu-
racy, this study also examined detailed reproduction of
the hydrophilic VPS impression materials. Clinically,
several impression material investigations have concen-
trated on replication of the finish line of a wet tooth
preparation or gingival sulcus reproduction in the pres-
ence of crevicular moisture.16,20,25 These studies have
reported conflicting results regarding the ability of VPS
impression materials to obtain complete impressions in
the presence of moisture. One investigation reported
that hydrophilic VPS impression materials when used on
wet or moist dentin surfaces did not always produce
acceptable impressions.25 Others have found that even
though there appeared to be differences in the contact
angle formed between different VPS impression materi-
als and moist tooth surfaces, the hydrophilic VPS always
obtained complete impressions.16,17 The results of this
investigation disagree with the latter finding. The 2 im-
pression materials used in this study did not always yield
satisfactory impressions under moist or wet conditions.

To evaluate the detail reproduction of the impressions
made under dry, moist, and wet conditions with 2 materi-
als, the impressions were evaluated according to criteria
similar to ADA specification 19. ADA specification 19
states that an elastomeric impression material should be
able to continuously replicate 1 of the 0.02-mm-width
horizontal lines in 2 of 3 specimens.22 In this investigation,
with similar lines (0.016-mm width) scribed on the surface
of the metal dies, detail reproduction was measured on the
basis of continuous replication of at least 2 of the 3 hori-
zontal lines on each specimen, a slight modification to the
specification. This modification was made to obtain the
power analysis parameters and maintain a manageable sam-
ple size. The medium-bodied, type I VPS (Reprosil) could
meet this criterion 100% of the time only under dry or
moist conditions. In contrast, the heavy-bodied, type I

VPS (Aquasil) material met the specification 100% of the
time only under dry conditions. Both materials performed
unsatisfactorily under completely wet conditions. As men-
tioned previously, other studies have proposed that both
hydrophilic and hydrophobic VPS materials provide ade-
quate detail reproduction.16,20 However, both of those
studies used their own evaluation technique and did not
use ADA specification 19 criteria for acceptable detail re-
production.

Preliminary results from the pilot study revealed that
in some impressions, there were areas of pits, voids, and
roughness not associated with the 3 horizontal lines
used for the ADA detail reproduction evaluation. If such
pits or voids were located in the preparation margin, the
impression would be unacceptable. Therefore an addi-
tional macroscopic evaluation of detail reproduction of
the smooth surface of the impressions was also included
in the present study. The results of this additional eval-
uation were not consistent with the results of detail re-
production based on the continuous replication of lines.
This suggests that an additional evaluation of the
smoothness of the entire surface of the impression may
be beneficial. The additional evaluation used in this in-
vestigation suggested that a dry field is necessary to rou-
tinely produce clinically acceptable impressions. Both
materials produced the greatest number of smooth and
shiny impressions under the dry condition, and both
materials failed to produce any smooth and shiny im-
pressions under the wet condition.

The 2 impression materials tested in this in vitro in-
vestigation are marketed as hydrophilic. The manufac-
turer of these 2 materials purports that the materials can
wet oral tissues and produce accurate impressions under
partial or complete moisture. The term hydrophilicity has
often been used to describe 2 different properties. One
aspect is the adequate wettability of the polymerized,
solid impression material with gypsum slurries.1,9,15,17

This study concentrated on the ability of the unpolymer-
ized, liquid impression material to wet the impressed
surface in the presence of moisture, attempting to sim-
ulate impression-making under aqueous oral conditions.

The results of this investigation appear to reinforce the
ideas suggested by others2,5 that the so-called hydrophilic
VPS materials remain hydrophobic in the unpolymerized,
liquid state and will not adequately wet surfaces covered
with moisture. Although the additive surfactants have im-
proved the polymerized VPS material’s wettability with
dental gypsum materials,9,17 it appears that the impression
material still cannot accurately reproduce detail in the pres-
ence of moisture. These results suggest that the clinician
using these materials should maintain strict moisture con-
trol during impression making.

The results of this in vitro investigation should be
viewed cautiously because laboratory testing cannot ex-
actly model clinical situations.26 In this investigation
impressions were made of standardized stainless steel
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dies. Although the metal dies are calibrated surfaces for
precise comparisons, they do not resemble the behavior
of the oral tissues. For example, metal dies do not absorb
liquids. In addition, the intrinsic surface-free energy of a
metal die will be much higher than the surface-free en-
ergy of the proteinaceous surfaces of prepared teeth and
oral soft tissues. This surface energy of the impressed
surface will also affect how well the impression material
will wet that surface.27 Another limitation of this in vitro
study is that water instead of saliva was used as the source
of moisture. It is well known that properties of saliva28

are quite different than those of water, and these differ-
ences could potentially have affected the behavior of the
impression materials. However, in this laboratory study
an attempt was made to reduce the variables associated
with fluid composition, thus the ability of the impression
material to reproduce surface detail was assessed in the
presence or absence of water.

The fundamental focus of this work was to evaluate
the ability of the VPS material to perform against wet
surfaces. This investigation is a first step in understand-
ing the limitations of hydrophilic VPS impression mate-
rials when used to record the surface detail of wet oral
substrates. Although the moist surface method used in
the investigation may appear more clinically relevant,
the wet surface method, in which the dies were placed in
water before the impression was made, was included to
account for a very wet substrate, a worst case scenario.
This was intended to produce a surface that was com-
pletely coated with water. This is in contrast to oral
tissues where there is water at the surface, as well as water
within the bulk of the tissue. Water within the bulk
tissue can diffuse to the surface during the recording of
an impression. It would be very difficult to duplicate this
type of moisture contamination in the laboratory, but it
does indicate that there are other sources of water
present in the mouth that could interfere with the re-
cording of impressions.

The experimental method used in this study should
be considered as a preliminary testing of the accuracy
and behavior of the hydrophilic impression materials.
Further investigation is necessary to assess how the ma-
terial’s properties are affected by the presence of saliva or
moisture in the oral cavity.

CONCLUSIONS

Within the limitations of this in vitro study, the fol-
lowing conclusions can be drawn:

1. Dimensional accuracy for both hydrophilic VPS
impression materials was not significantly affected by the
dry, moist, or wet environments.

2. There was a statistically significant difference in the
dimensional accuracy between the 2 materials. However,
dimensional changes for both materials were well below
ADA standards of maximal shrinkage value of 0.5%.

3. Both materials tested satisfactorily with respect to
detail reproduction under dry and moist conditions, but
not under wet conditions when evaluated according to
criteria similar to ADA specification No.19.

4. Further evaluation of the impressions’ smooth sur-
faces revealed that both materials performed satisfacto-
rily under dry conditions but performed inconsistently
under moist and wet conditions.

The authors sincerely appreciate the assistance of Dr Karen Wil-
liams with statistical analysis and also thank Ms Shelly Kawamoto for
technical support.
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