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Comparison and Evaluation of Linear Dimensional Accuracy of Three
Elastomeric Impression Materials at Different Time Intervals Using Vision
Inspection System: An In Vitro Study
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INTRODUCTION

ABSTRACT

Background: Making an impression represents a crucial step in fabrication of
a prosthesis. Elastomers are the most commonly used materials for precise and
accurate recording and reproduction of tooth morphology and surrounding soft
tissue. Aims and Objective: The aim of this study was to compare and evaluate the
linear dimensional accuracy of three elastomeric impression materials: addition
silicone, condensation silicone, and polyether at different time intervals up to
15 days using a vision inspection system. Materials and Methods: Dimensional
accuracy of impression materials was measured at certain designated time
periods using stainless steel die. The impressions of die were made using one
representative material of each type of elastomeric impression material. The die
along with the impression material in the mold was held using a clamp and put in
a water bath maintained at mouth temperature. The linear dimensional changes
taking place in each material with time were measured using the vision inspection
system. Results: On comparison with master die impression at 30 min, 1 h, and 1'%
h time interval, a significant decreased mean dimension of condensation silicone
was observed, whereas addition silicone and polyether showed statistically
nonsignificant difference. At 2, 3, 4, and 12h time span, a significant difference
in mean dimension of addition and condensation silicone was noted, whereas
polyether showed a nonsignificant difference. At 24h, 1 week, and 15 days
duration, on comparison with the master die, a significant reduction in mean
dimension of condensation silicone was discovered, whereas addition silicone
and polyether showed nonsignificant difference. Conclusion: Polyether showed
significantly lesser dimensional changes among all three materials, though the
differences were small enough to be considered clinically acceptable.

KEyworDs: Addition silicone, condensation silicone, elastomers, linear dimensional
accuracy, polyether

he success of prosthetic rehabilitation depends on

a multitude of factors involving a high degree of
precision in both clinical and laboratory procedures.
Making an impression represents a crucial step in
the fabrication of a prosthesis, as the quality of the
impression is decisive for final fitting accuracy, and
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consequently for the success of the dental restoration.
An ideal impression material should possess properties
such as adequate plasticity, sufficient working time,
brief setting time, good dimensional constancy,
accuracy along with elasticity.!'

Today, a wide variety of impression materials are
available to replicate the intraoral structures, ranging
from hydrocolloids to nonaqueous elastomeric
dental impression materials. Elastomers are the most
commonly used impression materials in everyday dental
clinical practice for precise and accurate recording and
reproduction of tooth morphology and surrounding
soft tissue.>¥ Four types of elastomeric impression
materials are conventionally used, namely polysulfide,
polyether, condensation, and addition silicones.

Polysulfides are good in surface detail reproduction
and have excellent tear resistance, but are dimensionally
mercurial when stowed for longer haul.5¢ Polyether is
hydrophilic and rigid with high modulus of elasticity but
has limitations such as being high priced, brief working
time, short setting time, and high stiffness after setting.””
Condensation silicone is obtained by cross-linking
polycondensation reaction, which releases alcohol
that contributes to the contraction of the impression.
The advantages associated with this material are
precise impression if poured quickly and good elastic
restoration after removing the impression from the
mouth. However, its demerits include hydrophobic
nature of the material, contraction of the impression
with the lapse of time, and possible allergic reaction
caused by the catalyst.*¥ Addition silicones have the
added benefit of no polymerization shrinkage, since
there are no by products being released. Moreover, the
beneficial properties such as excellent elastic recovery,
dimensional accuracy, ability to produce multiple casts
from single impression, good detail reproducibility,
ease of handling, moderately short working and setting
time have burgeoned their usage.’!%

It is imperative to make a precise impression to
construct a befitting prosthesis, irrespective of the
edentulous arch span. Also, there is a disagreement in
the literature regarding the superiority of dimensional
stability among the various types of elastomeric
impression materials. Hence, this study was undertaken
to compare and assess the linear dimensional accuracy
of the three elastomeric impression materials namely;
addition silicone, condensation silicone, and polyether
at different time intervals up to 15 days using a vision
inspection system. This system digitizes the image,
thereby providing very accurate values.!'l Accordant
with a literature overview and to the best of our
knowledge, no studies have been done in this field using

the vision inspection system to measure the linear
dimensional changes.

MATERIALS AND METHODS

In this study, dimensional accuracy of three elastomeric
impression materials at certain designated time periods
was compared using stainless steel die. The impressions
of die were made using one representative material
of each type of elastomeric impression materials
viz. addition silicone (Vinylpolysiloxane, Variotime,
Heraeus Kulzar, Hanau, Germany), condensation
silicone (Polysiloxane, Optosil P Plus, Heracus Kulzar,
Hanau, Germany) and polyether (Impregum Soft, 3M
ESPE). The die along with the impression material in
the mold was held using a clamp and put in a water
bath maintained at mouth temperature. The linear
dimensional changes taking place in each material with
time were measured using the Vision Inspection System
(model no. AVI-IMG-3D; Sipcon measuring system,
India; magnification: 50 X).

PREPARATION OF STAINLESS STEEL DIE

A standardized stainless steel die similar to that
described in ADA specification number 19 was made,
which comprised a ruled block (A), a mold or ring
(B) simulating a tray or container for the impression
material, and a riser (C) [Figures 1 and 2].0"1

The mold block (A) was 38.0mm in diameter with
raised platform which was 29.970mm in diameter
and 3mm in height. Five lines were inscribed on the
top surface of this platform, lines X, Y, Z and CD and
C’D’. The distance between the line X and line Y was
2.5mm and distance between line Y and line Z was also
2.5mm. All the lines had 90° included angle. Line Y
was selected for measurements from where it crosses
line CD (to be called point A) to where it crosses line
C’D’ (to be called point B).

The mold or ring (B) was made such that it fit the
raised platform easily. The outer diameter of the mold
was 38 mm and the inner diameter was 30 mm and its
height was 6 mm. The riser (C) was 3mm in height and

Figure 1: Stainless steel ruled block, mold, and riser
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40.00mm in diameter such that it sat on the top the
mold or ring and covered it. A hole was made on the
center of the raiser to allow excess material to flow
out of the mold. The surface of the die was highly
polished which eliminated the need for a separator and
minimized cleaning operations as this could damage
the ruled surface of the die.

IMPRESSION PROCEDURE

The materials used in this study were light body
consistency, type 3 along with heavy body type 0 used
in sandwich technique for addition and condensation
silicone, whereas for polyether type 2 monophase
medium body was used. Materials and test equipment
were conditioned in the test room 24 h before the testing
procedure at ambient room temperature 25°C and 50%
+ 10% humidity.

For making test specimens, the mold (B) was placed on
the ruled block; the impression materials were mixed as
per the manufacturer’s disposition and interposed into
the mold. The die and plate were held by a clamp and
the assembly was immediately placed into a water bath,

—i—

A. Ruled Block

6.0

40.00 D

B. Impression material mold

3.0 1

H H

40.00D

C. Riser

Figure 2: Schematic diagram of the die

maintained at 37°C * 2°C to simulate open mouth oral
temperature.

The apparatus containing the impression material was
polymerized in water bath for 10min to ensure that
minimum setting time as specified by the manufacturer
was met. The assembly was removed and the test
specimen was pressed out of the mold using the riser
(C). This procedure was repeated for each impression
material and five test specimens of each material were
obtained [Figure 3].

EVALUATION OF DIMENSIONAL ACCURACY

The distance between points A and B on the metal die
was measured to a nearest of 0.001 mm and recorded as
the actual distance of the line “Y.” The test specimens
were placed under the Vision Inspection System with
the accuracy of 0.001 mm for all the measurements
[Figure 4]. Measurements were carried out at half an
hour intervals starting with half an hour after final
setting time up to 2h. The impressions were further
measured at 3,4, 12, 24 h, 1 week, and 15 days. Mean of
the measurements and percentage dimensional changes
were reported for each impression material at each time
interval.

The percentage dimensional changes were calculated
using the following formula:

Actual distance for AB on

the die (mm)— measured distance
Percent

. . for AB on test specimen (mm
Dimensional = p ( )

Changes (%)

x100

Actual distance for AB on
the die (mm)

The data were recorded, interpreted, and subjected to
statistical analysis.

Figure 3: Polymerized impression material samples

Journal of International Society of Preventive and Community Dentistry | Volume 10 | Issue 6 | November-December 2020



Khan, ef al.: Linear dimensional accuracy of elastomers

STATISTICAL ANALYSIS

The data were subjected to ANOVA with Tukey’s
Multiple Comparison Test for multiple group
comparison. The data were presented using statistical
analysis software Graph pad Prism (Version 5). A value
of P < 0.05 was considered statistically significant.

RESULTS

All the materials used in this study showed minor
linear dimensional changes at different time intervals.
Percentage dimensional changes of addition silicone,

Figure 4: Examination of the test specimens under vision inspection
system (Model No. AVI-IMG-3D)

condensation silicone, and polyether from the master
die dimension (25.007 mm) is depicted in Table 1.

On comparison between addition silicone, condensation
silicone, polyether with master die impression at 30 min,
1h, and 1%, h time interval, a significant decreased
mean dimension of condensation silicone (P < 0.001)
was observed, whereas addition silicone and polyether
showed statistically nonsignificant difference. At 2, 3,
4, and 12h time span, a significant difference in mean
dimension of addition and condensation silicone was
noted, whereas polyether showed a nonsignificant
difference. At 24h, 1 week, and 15 days duration, on
comparison with the master die, a significant reduction
in mean dimension of condensation silicone was
discovered whereas addition silicone and polyether
showed nonsignificant difference [Table 2].

Thus, to summarize the results, polyether showed
significantly lesser dimensional changes among all
three materials [Graph 1], though the differences were
small enough to be considered clinically acceptable.

DiscussioN

For fabrication of a befitting prosthesis, an accurate
die is of paramount importance, for which a precise
impression making is mandated.!'"¥ The field of dentistry
today is flooded with various impression materials, of
which elastomers have become the preferred choice for
fixed prosthesis impressions.!4

The dimensional stability of an impression material
reflects its ability to maintain the accuracy of the
impression over time.['” Several studies exist in the
literature on comparison of dimensional stability of
elastomeric impression materials, but these studies
have shown antithetical outcomes. This study was
thus, conducted to measure the linear dimensional
changes of specific elastomeric impression materials
using vision inspection system and to evaluate the
material—time interaction. Taking into consideration

Table 1: Dimensional change (%) of addition silicone, condensation silicone, and polyether impression from the master die

dimension (25.007 mm)
Time Addition silicone Condensation silicone Polyether impression
30 min 0.276 £ 0.124 0.437 £0.227 —0.242 £ 0.182
lh 0.315+0.124 0.522 £ 0.283 —0.226 £ 0.181
1%h 0.366 = 0.140 0.624 +0.349 -0.209 £ 0.185
2h 0.407 £ 0.146 0.778 £0.290 -0.193 £ 0.185
3h 0.512 £ 0.161 0.850 £ 0.266 —0.154 £0.183
4h 0.432 £0.167 0.907 £ 0.251 —0.111 £0.182
12h 0.367 £ 0.191 1.047 £ 0.287 -0.030 £ 0.142
24 h 0.253 £ 0.235 1.078 £ 0.284 —0.050 £ 0.163
7 days —0.062 £ 0.301 1.097 £ 0.268 -0.034 £ 0.161
15 days —0.109 £ 0.319 1.230 = 0.282 0.149 £ 0.172
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Table 2: Tukeys HSD test

Time Avs.B Avs. C Byvs.C
30 min 0.376 0.002 0.000
1h 0.289 0.004 0.000
1'%h 0.250 0.007 0.000
2h 0.046 0.002 0.000
3h 0.060 0.001 0.000
4h 0.008 0.003 0.000
12h 0.001 0.032 0.000
24 h 0.000 0.140 0.000
7 days 0.000 0.983 0.000
15 days 0.000 0.309 0.000

A = addition silicone, B = condensation silicone, C = polyether
impression

the possible delays in pouring the impression in dental
clinics or laboratory, dimensional accuracy of these
materials was measured at various time intervals up to
15 days. One representative of each type of elastomeric
impression material, that is, addition silicone (heavy +
light body), condensation silicone (heavy + light body)
and polyether (medium body) were chosen. For all the
materials, impressions were made in such a way that an
accurate reproduction of surface details of the die was
achieved.

This study used the vision inspection system for
measuring linear dimensional changes, which provides
accurate results and also eliminates the chances of
manual error. In this system, the camera contains a
sensor that converts light from the lens into electrical
signals, which are then digitized into an array of values
called pixels and processed by software to perform the
inspection, thereby providing very accurate values.!'!

All the materials used in this study showed minor
linear dimensional changes at different time intervals.
However, polyether showed significantly lesser
dimensional changes followed by addition silicone
and then condensation silicone, thus showing better
dimensional accuracy and stability. Dimensional
stability of impression materials is directly dependent
on factors like elastic recovery of the material,
shrinkage of impression material, evaporation of
volatile components from the impression material,
or expansion of gypsum product used to pour the
impression.'¥ Polyether shows the excellent elastic
recovery, which accounts for its superior dimensional
stability. Moreover, it also shows the least amount of
shrinkage, as evident in our study.

ADA specification number 19 classifies elastomeric
impression materials as Type I, II, or III based on
their elastic properties and dimensional changes after
setting.'” A Type Il classification requires that a material
does not show linear dimensional change more than

1.0% after 24 h. A Type I or Il material must not exceed
0.5% negative linear change. Both addition silicone
and polyether impression materials showed acceptable
dimensional accuracy almost below 0.5%. However,
Type III light body condensation silicone exceeded
the limits of maximum linear dimensional change by
1.08% which was found to be dimensionally accurate
(0.44%) only at first half an hour. Hence this material
must be poured immediately, that is, within 30min.
Shetty et al'” reviewed the precision of elastomeric
impression materials on repeated pours, and deduced
that addition silicones and polyethers showed minimal
changes due to delay in pouring the impression. On
the contrary, condensation silicones and polysulfide
showed dimension instability. Based on their findings,
they also suggested that the time span between pours
should not be more than 30 min and repouring resulted
in notable inaccuracy, a finding similar to our study.

Lacy et al"® compared the time-dependent accuracy
of elastomeric impression materials over 4 days
and reported addition silicone to be the most stable
elastomer, a finding not similar to ours. Johnson and
Craigl"”! investigated the accuracy of elastomeric
materials as a function of time of pouring at 1, 4, and
24h after making the impressions. They concluded
addition silicone and polyether to be least effected
with delays of 1, 4, and 24 h in pouring the impression,
which was in concordance with our study. Williams
et al.®? also investigated dimensional changes of four
types of elastomeric impression materials after storage
for 1, 4, and 24h, and reported that polysulfide and
condensation silicone impression materials provided
acceptable accuracy only when poured immediately,
polyether expanded during storage whereas addition
silicone showed outstanding dimensional stability at
different storage time intervals. Our study also showed
similar negligible expansion in polyether impression
material, which may be attributed to the evaporation
of volatile compounds.!'?

Ciesco et all¥ evaluated polysulfide, polyether,
condensation silicone, addition silicone for 1, 24, 48,
72h, 1 week, and concluded that polyether consistently
showed superior results with or without a custom tray
followed by addition silicone ranking second followed
by condensation silicone and polysulfides. The results
of this study were in agreement with our study.

Kumar et alPY in their study poured multiple casts
from a single elastomeric impression at different time
intervals to compare the different elastomers pertaining
to their accuracy and dimensional stability. They noted
short heighted, larger diameter dies with addition
silicones, whereas polyethers provided short heighted
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Graph 1: Linear shrinkage (in mm) of impression materials from
the master die at different time intervals

and lesser diameter dies. On the contrary, condensation
silicones showed negligible changes from the master
die at immediate pour, but retrogressed post-haste in
ensuing pours. They thus concluded that addition
and condensation silicones had superior capability to
recuperate from induced deformation as compared to
polyether, a finding not in concordance with this study.

Karaaslan et al.?? explored time-dependent dimensional
stability of three different elastomeric impression
materials—vinyl polyether silicone, vinyl polysiloxane,
and polyether through micro-computerized tomography
imaging and reported vinyl polysiloxane to be the most
stable impression material in terms of dimensional
changes and wettability, a finding not similar to our
study. Neethu et al.®! compared the measurements of
gypsum casts with the master die in order to collate the
dimensional stability of different elastomericimpression
materials at various time intervals of storage in open
air, and reported impressions made with polyether
and addition silicone remained dimensionally stable
for 7 days. They also summarized that the impressions
made using condensation silicones should preferably be
poured in 24 h. Both of their findings were in agreement
with our study.

Thomas et al.? assessed the effect of storage time and
temperature on the dimensional stability of polyvinyl
siloxane and polyether impression materials at 10°C,
180°C, 350°C, and 450°C for 24, 48, and 72h. Their
results indicated that extreme changes in temperature
may produce distortion of the impression materials,
and therefore the casts should be poured within 24h
to prevent distortion. Furthermore, when polyvinyl
siloxane and polyether were compared, polyvinyl

Journal of International Society of Preventive and Community Dentistry | Volume 10 | Issue 6 | November-December 2020

siloxane seemed to be more stable than polyether in
the test conditions. Abd-Al Hamed et al®! evaluated
and compared the dimensional changes of different
elastomeric impression materials after pouring at varied
time intervals by using 3D laser scanner and image
software program and concluded that polyvinylsiloxane
was a dimensionally stable impression material. The
study of both these findings were not in concordance
with our study.

The results of this in vitro investigation must be perceived
keeping in mind the fact that laboratory testing can not
exactly model the clinical situations. In the study the
impressions were made of standardized stainless steel die
which does not resemble the behavior of the oral tissues.
Also, the shape of the test specimens did not resemble
the actual impression of the oral tissues and they were
not confined in the tray as an actual impression of the
tissues will be. It must also be considered that only
one representative product of each type of elastomeric
impression material was studied and rest of the materials
of various other manufacturers may not prudently
behave in the same manner as the ones chosen here.
Hence, more studies with larger sample size and more
products and parameters must be carried out in this field
to produce more definitive results.

CONCLUSION

* During the first half an hour interval, all the three
materials, that is, addition silicone, condensation
silicone and polyether showed acceptable linear
shrinkage not exceeding 0.5% as laid down by ADA
Specification number 19.

* Polyether showed significantly lesser dimensional
changes among all three materials, though the
differences were small enough to be considered
clinically acceptable. Thus, polyethers can be use in
prosthetic dentistry requiring extreme precision and
accuracy for successful treatment.

* Condensation silicone showed least dimensional
accuracy or maximum dimensional changes at all
time intervals.
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