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Abstract: High accuracy dental impression is usually a first step during fabrication
of indirect restorations that have to be seated in or on prepared teeth. The dimensional
stability of the impression material could have an influence on the accuracy of the final
restoration. Elastomeric materials (addition- cured silicones and condensation- cured silico-
nes) are most frequently used as the impression material in fixed prosthodontics. The com-
position and the type of the chemical reaction determine the urgency to cast or digitize the
impression. The aim of this study was to asses the dimensional stability of addition and
condensation - cured silicones in time.

Stainless steel model of two cylinders with the spherical top was fabricated. First,
individual tray of acrylic resin was made according to the standard procedure. Addition and
condensation cured silicon impressions were taken using monophase technique in acrylic
tray. Impressions were cast in type IV dental stone after different periods of time, and den-
tal stone replica models were made. Master model and dental stone replica models were
scanned using Carl Zeiss Coordinate measuring machine Contura G2 with associated volu-
metric probing tolerance of 1pum. Processing was done using Calypso software.

Addition and condensation cured silicon impressions were cast after different
periods of time. Master model and dental stone replica models were scanned and the
differences between the models were measured. The dimensional differences between the
master model and the replica models occurred due to the dimensional instability of the
impression material. The differences were significantly greater when condensation cured
silicon impression material was used comparing to the addition cured silicon impression
material.

Both condensation and addition silicon showed satisfactory dimensional stability if
cast according to the manufacturer’s instructions. If so, the linear dimensional changes did
not exceed 1%.
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1. INTRODUCTION

Dental impression presents a negative imprint
of orofacial structures. It is usually a first step during
fabrication of indirect restorations that have to be
seated in or on prepared teeth. The dimensional
stability of the impression material could have an
influence on the accuracy of the final restoration.
Precise working cast can only be obtained on the
basis of an accurate impression of teeth and surro-
unding tissues. Knowing the physical and biological
properties as well as the advantages and disadvanta-
ges of different impression materials, is a
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prerequisite for adequate practical application of
dental materials and contributes to the success of
prosthetic therapy [1]. There are four groups of
impression materials that are in use for final impres-
sion in fixed prosthodontics: polysulfides,
polyethers, condensation and addition silicones.
Each group of material has its advantages and disa-
dvantages [2]. Elastomers are a group of elastic
impression materials. They consist of polymers that
bind together in a network of chains that give mate-
rial a rubber consistency. They are widely used in
fixed prosthetics because of their good properties.
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For the clinical use, the most important diffe-
rence between addition and condensation silicones is
in their relative dimensional stability. Condensation
silicones show dimensional changes after setting of
the material, which may be caused by their conti-
nued slow setting, or by loss of alcohol, as a
byproduct of the setting reaction [3]. The second
effect produces a measurable weight loss which is
followed by a contraction of the impression material.
Addition silicones have insignificant number of
byproducts released, which provides a dimensionally
stable impression [3]. Addition and condensation
silicones have similar mechanical properties that
depend on their consistency, but differ in required
casting time of previously taken impression [4,5].
Condensation silicone should be cast as soon as pos-
sible, while for addition silicone dimensional
stability of the impression is not time dependent and
casting can be done several times without the loss of
materials properties [4,5].

In the present study, dimensional stability of
condensation and addition silicones was evaluated,
depending on the time elapsed between the impres-
sion taking and casting in gypsum using coordinate
measuring machine.

2. MATERIALS AND METHOD

To assess the dimensional stability of addition
and condensation, silicone master model was made.
The model represented two steel abutments with a
defined distance between them, that corresponded to
the distance of bridge abutments inside the patients
mouth (Fig 1). Before the research was commenced,
master model was measured by coordinate measu-
ring machine (CMM) Carl Zeiss Contura G 2 and
results were recorded. Measurements were conduc-
ted using mechanical probe with maximum permis-
sible error of 1 um [6].

Acrylic resin was mixed according to the
manufacturer’s instructions and an individual tray
was made (Fig 2).

Special attention was given to the base of the
tray. Positioners were made to ensure position of the
tray on top of the model and to allow reproducibility
during the course of experiment. The tray was enlar-
ged and had a 2mm space for the impression mate-
rial, equally distributed on all sides of the abutment.
Impression taking was delayed for the first 24 hours
after manufacturing of the tray, to avoid possible
influence of acrylic contraction on the results [7].

Figure 1. master model

Figure 2. custom tray

Two impression materials were used. Addi-
tion silicone Elite HD+, Zhermack, Italy, light body
and condensation silicone Oranwash, Zhermack,
Italy, light body. During the research materials were
stored in the same room, with stable temperature of
21-23 °C. To improve stability and adhesion of the
material to the tray, universal tray adhesive was used
(Universal tray adhesive, Zhermack, Italy). The
acrylic tray was wiped with alcohol prior to the
impression taking and thoroughly dried. Adhesive
was applied in a thin layer using a brush and left to
dry for 2 minutes, following the manufacturer’s
instructions. Dosage of condensation silicone was
done using the numerated paper dosimeter. Since the
diameter of the nozzle of the pastes between the two
silicones differed, the amount of the impression
material needed to make one imprint was weighed
and that quantity was recorded using the numerated
paper dosimeter. This generated savings in material
and the time spent for impression taking. Impressi-
ons were cast at different time intervals since taking
of the impression (30 min, 1h, 2h, 4h, 6h, 8h, 10h,
12h, 24h, 36h, 48h, 96h). Replica models were made
using tip IV dental stone (Heraeus Moldastone tipe
4, Heraeus, Germany). Gypsum was mixed accor
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ding to the instructions (100:22) and left to set for
one hour before removing the impression tray.
Replica models were first stored for 120 hours in the
study room, to avoid possible influence of gypsum
expansion on accuracy of measurement [8]. Each
replica model was measured six times by the same
investigator using a CMM and the mean value was
recorded as the closest value to the real distance
between the replica abutments (Fig 3,4).

3. RESULTS

The results of the measurements for the addi-
tion silicone are shown in Figure 5. The difference
in size already appeared when the first replica
model was measured. It was cast 30 min after the
impression was taken and the distance between
replica abutments was 80 um larger than on the
master model.

Figure 3. Carl Zeiss CMM (Contura G2)

Figure 4. Gypsum replica model

The dimensional variations of all models that
were cast during the time interval of 96 hours varied
between 70 pm to 99 pm. The greatest difference
was observed when the model was cast 96 hours
after the impression was made and resulted in 99
pum.

The results of the measurements of the dimen-
sional stability of condensation silicone are shown in
Figure 6. Variations between gypsum abutments and
the master model varied from 2,5 um to 152,8 pm.
The distance between the abutments of the replica
model, that was cast after 1 hour after the impression
was taken, were 2,5 pum larger than the master
model. After 2 hours the distance increased to 14,5
pm and continued to grow as the time between
impression making and casting increased. The big-
gest difference between the replica and master
model abutments was measured after the period of
96 hours.

25.5500

25.5300

25.5100

25.4900

25.4700

25.4500 -

254300

25.4100

25.3900 -

25.3700

25.2500 -
30

min

1h 2h 4h €h 3h 10h

m =ddition silicon

m Master model

12h 24h 36h 48h a6h

Figure 5. Measured distance between replica abutments using addition silicone
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Figure 6. Measured distance between replica abutments using condensation silicone

4. DISSCUSION

Dimensional stability of the impression mate-
rials used in prosthetics presents an important factor
for the accuracy of dental devices. Dental impres-
sion is the first phase of the complicated sequel of
dental device manufacture. Each phase contributes
to the overall error of the future work and can lead to
poor quality and diminished accuracy. An error
made in the early stages of production cannot be
corrected in further process, but becomes the source
of the new errors. That is why the knowledge of
impression materials properties is imperative for
dental practice, so that a therapist can choose appro-
priate mass that corresponds to the present situation.
Evaluation of dimensional stability has been impro-
ved using contemporary scanners [9,10]. Coordinate
measuring machine that was used in this study ( Car!
Zeiss, Contura G2) is a complex metrology instru-
ment that is used for measuring lengths and angles
of selected objects. The measurement can be made
by contact or contactless, automatically or manually.
In the case of contact measurements, as it was with
the presented study, the contact with the object of
measurement is achieved by spherical probe which
touches the measured object, thus registering a point
cloud that can be further reconstructed to a virtual
model [11]. The machine has associated volumetric
probing tolerance of 1um [6]. Coordinate measuring
machine Contura G2 that was used in the present
study has proven to be a reliable and precise scan-
ner. The combined use of CMM and Calipso
software is a convenient method for obtaining virtual
models and measuring dimensional differences

between master and replica model during the testing
of the impression materials dimensional stability.

Since 1755 when impression technique with
hot wax was first described, the properties and use
of impression materials have significantly improved
[12]. Elastomeric impression materials have been
widely used across the globe for the last 50 years
and are considered to be a gold standard among den-
tal impression materials used in fixed prosthodon-
tics. Their ability to reproduce fine details [13,14],
simple and quick preparation, pleasant smell and
tactile comfort for the patient together with gypsum
compatibility, has positioned them as one of the
most suitable materials for impression making in
dental industry [15,16].

Dimensional stability of the material is a sig-
nificant factor for accuracy of dental restoration
[10]. Results of the measurement between replica
abutments using addition silicone varied from 70pum
to 99um, which is plausible according to the
demands of contemporary practice [17]. We conclu-
ded that the dimensional stability of addition silicone
did not significantly change, not even after 96 hours
since the impression was made (linear dimensional
changes did not exceed 1%). These results agree
with the previous studies of other researchers [10,
16,18]. By contrast, condensation silicone was less
stable. The highest accuracy was achieved when the
impression was cast after 1 hour. After that contrac-
tion progressed and after 96 hours measured the dis-
tance was 152,8 um greater than on the master
model. Surprisingly, although dimensional stability
decreased over a period of time, the model cast after
96 hours was still acceptably accurate. Condensation
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silicone contraction was also under 1 %, which dif-
fered from the results of previous researchers, who
measured contraction of up to 2, 97 % [18]. This can
be partially explained by the use of a universal adhe-
sive which may have improved dimensional stability
of the impression material, and stable environmental
conditions (temperature and moisture) of the storage
space [19,20]. However, the results of this study
indicate that a precise working cast can be obtained
with condensation silicone if the pouring of gypsum
is set at appropriate time. Study conducted by Faria
et al. stated that the condensation silicones are less
accurate than addition silicones, but the casting time
between investigated impression materials differed.
Condensation silicones were cast immediately, while
addition silicones were cast after 1 hour [16]. Imme-
diate casting may have a negative impact on viscoe-
lastic recovery of the impression material and on the
accuracy of the working cast. Our research showed
that appropriate time for casting impressions when
using condensation silicones should be 1 hour. The
distance between the replica abutments was
approximately 25mm. The question remains, how
would an increase in distance and larger number of
the abutments (as is the case when making long-span
bridges) affect the measurement. The above- menti-
oned, as well as the different techniques of impres-
sion making will be the subject of our future rese-
arch.

The application of computers and computer-
guided systems in dentistry provides us with a new
perspective and wider possibilities for intraoral tis-
sue registration, but the use of impression materials
will remain a reliable method for years to come.
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FOR

JUMEH3MOHAJIHA CTABMJIHOCT EJIACTOMEPHUX MATEPUJAJTIA
3A Y3UMAIGE 3YBHUX OTUCAKA

Caxerak: Beoma npennsHo y3umame OTHCKa OOMYHO j€ NMPBH KOpaK y H3paiu
MHIUPEKTHHUX pecTaypamnyja Koje Tpeda ja Oyry cMjellTeHe Y WM Ha IpUIpeMibeHe 3yoe.
JlMeH3MOoHa CTaOMIIHOCT OTHUCHOI MaTepHjajia MOXe YTHIATH Ha IpeHu3HOCT u3paleHe
3yOHe HamokHajae. EnacTomepHn Marepujany (aJuLHOHN ITOJAMEPH3UPajyhin H KOHIeH3a-
IUOHM nonuMepusnpajyhu cunnkonn) Hajuenthe cy xopumheHn mMarepujaiid 3a y3uMambe
otucaka y ¢ukcHoj nporetui. CactaB ¥ BpCTa XeMHUjCKe peakiuje onpelhyjy KOJHUKO je
XHUTHO J1a C€ U3JIMje OJHOCHO AWTHTaNU3yje oTucak. L{uip oBOr HcTpaxkuBama je Ouo na ce
MPOIIMjEHH AUMEH3HOHA CTAOMITHOCT aJUIIMOHUX M KOHJCH3aLMOHIX CUJIMKOHA Y BPEMCHY.

W3paheH je yenuuHu MoAeN 0J JBa MUIMHApPA ca KyriaacTuM BpxoM. IIpBo je Hampa-
BJbCHA aKpHJIAaTHA MHIUBMIyalHA KallliKa, y3 IOIUTOBAaIE CTaHIApIHE Ipouexype. Y3
MIOMON aKpuIaTHe KallkKe, OTUCIH Cy Y3UMaHH MOHO(A3HOM TEXHUKOM, KOHAECH3aLMOHUM
Y aJULHOHAM CHIIMKOHOM. OTHCIIM Cy M3JIMBaHU Yy THUICY TUNA IV HaKOH pa3innuuTuX Bpe-
MEHCKUX WHTEpBaja, U u3paljiBaHu cy pajHu MOJEIH OJ THIica. ,,MacTep MoJeNn u rurca-
HE penpoayKije ckenupanu cy nomohy ckerepa Carl Zeiss Coordinate measuring machi-
ne Contura G2 ca MakCHMaJHOM J03BOJbEHOM TpemikoM onx lum. O6pana je BplieHa y3

nmomoh codreepa Calypso.

OTI/ICIII/I y3UMaHu aJUIUOHUM M KOHJACH3aLlMOHHMM CHJIMKOHHMMA H3JIMBAaHU CY Y

Pa3IMIuTUM

BPEMCHCKUM HWHTEpBaIMMa.

,Macrtep Moaen“ U HEroBe THUIICAHE

pempoAyKIMje Cy CKEHHpAaHH W MjepeHe cy pasnuke wusMmelhy wmonena. J[MMEH3HOHE
npoMjeHe u3Mel)y Mactep Mojena M penpoayKlyja HacTajle Cy YCJbell AMMEH3HOHE
HECTaOMIIHOCTH OTHCHOT MarepHjaiia. Pasnuka je Ouia 3HauajHo Beha kox oTHcaka y3eTux
KOHACH3allMOHUM CUJIMKOHOM Y HOpChCH)y ca aJUIIMOHHUM CHUJIMKOHOM.

O6a orucHa Marepujaia, ¥ KOHICH3ALMOHW M aJMLHOHM CHIHMKOH, IIOKa3aid Cy
3a/10B0JbaBajylly TMMEH3HOHY CTaOHJIHOCT Kaj Cy NPU H3JIHMBAKGY IOLITOBAHE HPEIOpPYKe
npousBohada. ¥ TOM cilydajy JIMHeapHe TUMEH3HOHe IpoMjeHe Hucy Omie Behe ox 1%.

Kibyune pujedyn: emactomepu, Marepujajid 3a y3uMame 3yOHHX OTHCaKa, (DHKCHA

napuyjaiHa mporesa.



