Avicenna ] Dent Res. 2013 June; 5(1): €20937. DOI:10.17795/ajdr-20937

Published online 2013 June 25. Research Article

Effect of Contact Time Between Silicone Impression Materials and Stone on
Dimensional Stability of Resultant Cast

Bijan Heidari " Fariborz Vafaei; Alireza Izadi; Amir Saleh ; Zahra Dehbani *; Sara Khazaei R

1Department of Prosthodontics, School of Dentistry, Hamadan University of Medical Sciences, Hamadan, IR Iran
Private Dentistry, Hamadan, IR Iran

*Corresponding author: Sara Khazaei, Department of Prosthodontics, School of Dentistry, Hamadan University of Medical Sciences, Hamadan, IR Iran. Tel: +98-9187048221, Fax: + 98-
8138354220, E-mail: sarakhazaei_83@yahoo.com

Received: January 10, 2013; Accepted: March 24, 2013

Background: Numerous factors have an effect on the accuracy of an impression and resultant cast, and these include: impression
material, impression technique, tray selection, impression disinfection, storage time of impression before pouring, stone type used for
fabrication of cast. Up to now, there has been little research conducted on the effect of contact time of a cast with an impression, on the
dimensional stability of a cast.

Objectives: The purpose of this study was to evaluate the effect of the contact time of silicone impression materials with stone casts, on
the dimensional stability of resultant casts.

Materials and Methods: A total of 44 impressions were made from a stainless steel master model, with each one of two silicone
impression materials (Elite HD+ and Speedex), and poured with Elite Master Type IV. The thickness of the light-body material (1 mm) was
provided by using four copings. The resulting casts from each material were placed in four groups (n =11) after each contact time with the
impression (1hour, 24 hours, 48 hours, 1week). Distance between anterior and posterior abutments was measured for the casts and master
model. Data were analyzed by two-way analysis of variance and a Tukey test.

Results: The relationship between the dimensional stability of the casts and the simultaneous effect of the impression material and
contact time of the cast with the impression was not statistically significant (P = 0.099). Type of impression material on the dimensional
stability of the cast had no significant effect (P = 0.163). Increased contact time of the cast with the impression resulted in increased
dimensional change (P < 0.001).

Conclusions: Dimensional stability of the casts after different contact time with the impression was acceptable. The best time to separate
the cast from the impression was one hour after pouring the impression.
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make dental prosthesis, several impression materials are
used, such as: hydrocolloid and elastomeric impression
materials (polysulfide, condensation silicone, polyether,
and additional silicone) (7). Among all these materials,
additional silicones have the most dimensional stability
and due to their convenience, their use is increasing (5).
Furthermore, condensation silicones are commonly used
in Iran (4). The silicone impression material can be hydro-
philic or hydrophobic and as a result of these characteris-
tics, increasing the contact time between the cast and the
impression can have an effect on the dimensional stability
of the casts. Several studies have been done in this field.
In a study by Marquezan et al. increasing the contact time
between the alginate mold and the cast did not have any
effect on the dimensional stability of the cast(8).

1. Background

Impression making is an important stage for creating
dental prosthesis. To produce a precise restoration of the
teeth, the cast that the restoration is made from, should be
reproduced as accurately as possible from the teeth and
surrounding tissues and then poured with the appropri-
ate material (1). Inaccuracy in making the impression and
the subsequent cast will have undesirable effects on the
restoration of the prepared tooth and require repetition
of the impression, waste of time, and extra expenses (2).
Many previous studies have been carried out to identify
the most effective factors on dimensional accuracy of im-
pressions and resultant casts, so that the most appropri-
ate material and technique can be used in every situation.
According to these researches, factors such as: type of tray,
impression material,and impression technique, havean ef-

fect on the quality of the impression (3-5). In addition, the
type of material used for making the cast and the proper
pouring time for each impression material, can have an ef-
fect on the accuracy of the dental cast (5, 6). In order to

2. Objectives

Up until the present time, no previous study has been
conducted on the effect of the separation time of the cast
from the impression, on the dimensional stability of the
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casts obtained from silicone impression materials. There-
fore, due to a lack of data, this research aimed to investi-
gate the effect of different contact times between the cast
and the impression on the dimensional stability of the
resultant cast.

3. Materials and Methods

In this experimental-laboratory study using the pattern
of Schleier’s study (9), one master laboratory model was
made. This model consisted of a metal sheet with a dental
arch form, which included four abutments and two guid-
ing grooves (4 mm length and 1 mm depth) on the sides
of the abutments (Figure 1). A rim lock tray was used for
the impression. For this purpose, cold cure acrylic resin
was placed on the two outer edges of the tray and the tray
was put on the master model in such a way that the acrylic
resin entered the guiding grooves. After polymerization of
the acrylic, the tray was taken out of the model and then
the tray was ready for the impression (Figure 2).

Dimensions of the abutments and the distances between
them are shown below: (Figure 1)

oThe diameter of the abutments: 11 mm

oThe height of the abutments: 9.85 mm

«The distance of the anterior and posterior abutments:
28.40 mm

The abutments according to the model in Schleier’s
study had a 6° taper relative to the vertical axis and two in-
tersecting grooves were created on their occlusal surfaces.
The point at which they intersected was intended as a ref-
erence point for the measurement of the distance between
the abutments (9). Impression making was carried out
with additional silicone (Elite HD+) (Zhermack, Italy) and
condensation silicone (Speedex, Coltene, Switzerland). To
create a1 mm space for the light body material, one stain-
less steel coping 1 mm thick was constructed over every
abutment using computer design and a computer milling
device from the original model (6).

The following method was used for making the impres-
sion with putty material (heavy body silicone). First, spac-
ers were placed on the abutments. Then, according to the
manufacturer’s instructions, putty was prepared and put
in the tray. The tray was conformed to the model so that
no space was maintained between the tray edges and the
guiding grooves. Then, the spacers were removed from the
abutments and light body silicone was prepared accord-
ing to the manufacturer’s instructions and put in the tray,
before the impression was made. After placing the tray on
the model, 3 sinkers with a weight of 0.5 kg (1.5 kg in to-
tal) were placed on it, because the tray needed to be kept
firmly in place for the duration of setting the materials
(10). The given times in this study are based on research
conducted in oral cavities and their findings, because the
temperature in laboratory situations is much lower than
in the oral cavity. In these researches, the setting time of
impression materials is increased and considered twice.
Forty-four impressions were taken from the model by each
silicone material as mentioned above (Figures 3, 4).

Figure 2. Modified Tray

Figure 3. Impression With Elite HD+

Figure 4. Impression With Speedex
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According to the instructions of the Coltene manufac-
turer, it is better for Speedex impressions to be poured at
least 30 minutes after the impression, therefore, in order
to unify all the conditions for both impression materials,
all of the impressions were poured after 30 minutes. Type
IV Elite Master (Zhermack, Italy) were used for pouring
the impressions. The water and powder for the plaster
were mixed together according to the manufacturer’s
instructions and then poured into the impression under
vibration. According to the manufacturer’s instructions,
the setting time of this plaster is 1 hour, therefore: one
quarter of the samples (casts) were separated from the
impression one hour after pouring, one quarter of the
casts after 24 hours, one quarter after 48 hours, and the
remaining one-quarter were separated 7 days after pour-
ing the impressions. Therefore, the 8 groups (n = 11) in
this study included:

1. The casts separated from Elite HD+ impression mate-
rial after 1 hour

2. The casts separated from Elite HD + impression mate-
rial after 24 hours

3. The casts separated from Elite HD + impression mate-
rial after 48 hours

4.The casts separated from Elite HD + impression mate-
rial after 1 week

5. The casts separated from Speedex impression mate-
rial after 1 hour

6. The casts separated from Speedex impression mate-
rial after 24 hours

7. The casts separated from Speedex impression mate-
rial after 48 hours

8. The casts separated from Speedex impression mate-
rial after 1 week

In order to omit the effect of different factors on the
study, a random sequence for conducting the impres-
sions was also considered. After separation of the casts
from the impressions, the samples were numbered.
Then, the researcher measured the considered dimen-
sion (without trimming the casts). The distance between
the center of the anterior and posterior abutments on
each sample was measured by a digital caliper with 0.01
mm accuracy, then the value was deducted from this
distance (28.40 mm) on the master model. The number
was registered in a check list as the dimensional change
of the sample. Positive values indicated expansion and
negative values represented contraction of the sample.
In this study, the distance between the anterior and pos-
terior abutments was measured. To obtain accurate mea-
surements, the distances were measured three times on
each plaster sample and their average was considered as
the final result. After measurement, the information was
compared to the main model. The variance analysis (two-
way ANOVA) compared the effects of the type of material
and contact time on dimensional changes of the casts;
in addition, a tukey test was used to compare values be-
tween each two contact time.
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4. Results

In this study, the effect of the two types of impression
materials (Speedex, Elite HD+) and 4 contact times be-
tween the impression and stone on the dimensional
stability of the resultant casts was analyzed. The mean
values and standard deviation of dimensional changes in
the casts after spending 4 different times of contact with
two impression materials: Elite HD+ and Speedex are
shown in Table 1. The results show that the dimensions of
the samples increased and the casts expanded.

The two-way analysis of variance showed that only the
effect of the independent variable of contact time on the
dimensional stability of the casts was significant, but the
type of impression material did not have any significant
effect. Also, the interaction between these two variables
on the dimensional stability of the casts was not signifi-
cant (P value =0.099) (Table 2).

In order to examine the influence of time on the di-
mensional changes of the casts and to compare the pairs
of time together, a tukey test was used. The results con-
cerning the distance between the anterior and posterior
abutments showed that the difference of dimensional
changes between the times of 1 hour and 24 hours (P <
0.001), 1 hour and 48 hours (P < 0.001), 1 hour and 1 week
(P=0.005), 24 hours, and 1 week ( P = 0.011), were signifi-
cant (Table 3).

Table 1. Mean Values and Standard Deviation of Dimensional
Changes of Casts After Four Contact Times With Elite HD+and

Speedex

Evaluated param- 1Hour 24 Hours 48 Hours 1Week
eters

Dimensional 0.0394+ 0.1215* 0.1109+  0.0221%
changes in contact 0.02637 0.02705 0.04609 0.01360
with Elite HD+

Dimensional 0.0730 £ 0.1255* 0.0952+ 0.1006*
changes in contact 0.02648 0.03426 0.02998 0.03269

with Speedex

Table 2. Effect of Independent Variables of Type of
Material,Time of Contact and Their Interaction on Measured
Dimensions (Two-way ANOVA)

Variables P value
Type of material 0.163
Time of contact <0.001?
Type of material and contact time 0.099

3 Statistically significant.

Table 3. Pvalues in Pairs, Comparison of Times and Distance
Between Anterior and Posterior Abutments

Compared Times P value
1hour-24 hours <0.0012
1hour-48 hours <0.0012
1 hour-1 week 0.0052
24 hours-48 hours 0.189
24 hours-1 week 0.0112
48 hours-1 week 0.658
2 Tukey test.
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5. Discussion

In order to make each prosthesis with good adapta-
tion, it is important to have an accurate impression
combined with a cast which has high dimensional sta-
bility (1, 8). As previously mentioned, several factors are
effective in producing dimensional accuracy of impres-
sions and resultant casts. One of these factors can be the
contact time between cast and impression, although
few studies have been done in this field. Therefore, due
to a lack of information, the aim of this study was to in-
vestigate the effects of different contact times between
stone and silicone impressions on the dimensional sta-
bility of the resultant casts. Before discussing about im-
pression materials and techniques, it should be noted
that the type of model used for making the impression
in this research was made of stainless steel, and in ad-
dition, it was similar to the pattern used in Schleier’s
study (9). This kind of model has more dimensional sta-
bility compared to plaster or wax models.

Many different types of impression materials are avail-
able.In this study, the impression material Elite HD+was
chosen as the additional silicone gives it high dimen-
sional stability (5), in addition, the Speedex impression
material (a type of condensation silicone) was used due
to its high consumption, ease of use, and its popularity
among Iranian dentists (4). Among all the factors that
have an effect on dimensional stability, the type of im-
pression material is one of the most important factors
(11, 12). In a comparative study conducted on 39 com-
mercial impression materials by Craig, additional sili-
cone had more stability compared to polysulfide, con-
densation silicone or polyether (13). Furthermore, Lin
observed that polyether had the highest dimensional
accuracy, while silicone, polysulfide, alginate and agar,
were the next highest, respectively (14). In Faria’s study,
the accuracy of condensation silicone was similar to ad-
ditional silicone using the double-mix technique (6).
Nevertheless, Pereira et al. reported that among all the
elastomeric impression materials, additional silicone
had the highest accuracy and condensation silicone
had the lowest accuracy (15). The results of the present
study showed that the type of impression material did
not have a statistically significant effect on the dimen-
sional stability of the casts, which could be due to the
high accuracy of both materials and technique used for
the impressions. The difference between the results of
this research compared to studies by Craig (13), Lin (14),
and Pereira (15) may be due to differences in the type of
impression material, impression technique, and meth-
od of study, between the researches. In different studies,
the accuracy of the impression technique has been com-
pared with each other. In studies by Stackhous et al. and
Tjan et al. there was no difference in accuracy between
the two stage impression technique with or without a
spacer and the one stage technique (16, 17). Nili Ahmad
Abadi et al. in their study, concluded that the two stage
impression technique with a spacer has the greatest

accuracy among the various methods (18). In addition,
Mahshid et al. demonstrated that the two stage impres-
sion technique with a spacer is more accurate than the
two stage impression technique without a spacer and
the one stage impression technique (4). In the study of
Nejati Danesh et al., the accuracy of three impression
techniques with polyvinyl siloxane which included two
stage technique with 1 mm space, two stage technique
using a polyethylene spacer, and one stage technique,
was investigated. The two stage technique with a 1 mm
space was reported to be the most accurate technique in
this study (10). Therefore, according to these studies, the
present study also used the two stage impression tech-
nique. In this technique, heavy body silicone (putty) was
used in the first stage and light body silicone was used
in the second-stage (19).

The thickness of light body silicone is one of the fac-
tors that can have an effect on the dimensional stability
of the final cast. For this reason, many studies have been
doneon this subject. For example, Nissan’s study showed
that it is appropriate to make accurate casts from light
body silicone at thicknesses of 1and 2 mm. However, a 3
mm layer does not produce the same level of accuracy
(20). Also, in the study of Eames et al. in which conden-
sation silicone was used to make the impression, the
effect of light body silicone thicknesses; 2 mm, 4 mm,
and 6 mm,was investigated on the accuracy of the casts,
and it was found that the 2 mm layer had the highest
dimensional accuracy (21). Souri et al. in their research,
found that the light body silicone thicknesses of 0, 0.5,
1,1.5 and 2 mm did not have any statistically significant
effect on the accuracy of the impressions (22). Inasmuch
asin all these studies, a light body material 2 mm or less
produced casts with the highest dimensional accuracy.
In order to control the thickness of the wash material in
the present study, corresponding to Faria’s research (6),
a1 mm space (with stainless steel copings) was created
for the wash material.

The results of this study showed that the effect of con-
tact time on the dimensional stability of the cast at
some of the distances was significant. The casts which
were separated from the impressions after one hour,
had at least dimensional changes, and with increased
contact time between the stone and impression mate-
rial, the dimensional stability of the cast decreased. Un-
fortunately, few studies have been done in this field and
there is a lack of adequate scientific evidence to prove
this issue. Therefore, we need to discuss this issue with
caution, and further studies are needed in this regard.
The only similar study was done by Marquezan et al. who
investigated the effect of contact time (1 and 12 hours)
between stone and alginate impression material, and it
was found that increasing the contact time did not have
any effect on the dimensional stability of the casts (8).
Concerning the reasons for the difference in results be-
tween the latter and the present study can be attributed
to the differences in the type of impression material
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used and the contact time between the stone and the
impression (which were lower than the times tested in
our study). In another related study by Michalakis et al.
the effect of factors such as, type of stone, time and con-
ditions of stone sample preservation, was investigated
on their linear dimensional changes, and it was shown
that all of these factors had a significant effect on the di-
mensional stability of the samples (23). In this study, the
greatest expansion was recorded in the control group
between 72 and 96 hours and for the tested group this
occurred in the first 24 hours (23). The next highest re-
sults were for all of the samples in both groups that had
been contracting for 2 weeks, and subsequently differ-
ences in measurements were not recorded between the
second and third weeks (23).

The data of this study showed that a temperature of
40°C in combination with humidity less than 20% can
lead to a significant contraction in the stone samples.
This phenomenon can be explained due to the chemi-
cal nature of calcium sulphate. The chemical reaction
between calcium sulphate hemihydrate (plaster pow-
der) and water produces calcium sulphate dihydrate
(dentistry plaster), which is an exothermic process. The
preservation of the samples in an environment with in-
creased temperature and decreased humidity, results in
the dehydration of the samples and conversion of cal-
cium sulphate dihydrate into calcium sulphate hemihy-
drate. This conversion is accompanied by a contraction
in the sample which was first observed after 48 hours.
The preservation of samples for longer periods in an en-
vironment with increased temperature and decreased
humidity can cause further contraction of the samples.
It should also be noted that contraction of the final
casts is unsuitable because creating a smaller die, rath-
er than prepared teeth, leads to unacceptable castings
that will not sit on the abutments, unless this difference
can be compensated for by applying a thicker layer of
die spacer in the laboratory. Although the results of
this compensating laboratory technique are unpre-
dictable and are likely to be unsuitable (23). Regarding
the mechanism of expansion, based on data obtained
from electron microscope and x-ray refraction, Winkler
et al. showed that the conversion of calcium sulphate
hemihydrate into calcium sulphate dihydrate resulted
from transformation of the crystals (from prismatic to
needle shape hemihydrate), growth of these crystals,
and collision with neighboring crystals causes expan-
sion of the plaster (24). Investigating the average values
of measurements in the present research showed that
over time the casts expanded. The contact of cast with
the impression was maintained at room temperature
and no extra moisture or heat were applied in this pres-
ent study, therefore, despite the results of the tested
group in the study by Michalakis (23), no shrinkage took
place in the casts, and similar to the control group in
Michalakis’s research (23), they expanded. The differ-
ences between some of the results of these two studies
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could be due to differences in their conditions and their
performance. The results of this study suggest that over
time, the amount of expansion increases (Table 3). As
previously mentioned, the expansion of plaster is due to
the transformation and growth of sulfate calcium crys-
tals. With time and further growth of the crystals, the
probability of collision with the next crystal increases
and therefore, further expansion is expected. Further-
more, the present research showed that between the
two types of impression materials used in this study,
regardless of the contact time, there was no further ad-
vantage and the dimensional stability of both materials
was acceptable. In evaluating the type of impression
material and contact time, simultaneously, the results
showed that the interaction of these two factors did not
have any effect on the dimensional stability of the casts;
this means that among the different groups from the
point of dimensional stability, there was no significant
superiority. The results of this study showed that the dif-
ferent contact times (1 hour, 24 hours, 48 hours and 1
week) between impression of the material and the stone
had an effect on the dimensional stability of the casts,
whereas, the type of impression materials (Speedex and
Elite HD+) had no effect. Finally, the least dimensional
changes were seen in the casts which were separated
from the impression material after 1 hour.
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