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Abstract: Oral rehabilitation success depends upon the accuracy and dimensional stability of the
impressions. The purpose of this study is to evaluate the dimensional changes of a first impression
type VPS (Vinyl Polysiloxane) (Imprint™ 4 Preliminary Penta™ Super Quick, 3M ESPE™, St Paul,
MN, USA). 10 samples were obtained from this silicone with an automatic mixing machine (Pentamix
2, 3M ESPE™, Seefeld, Germany) according to International Organization for Standardization (ISO)
4823:2000 and stored in the IPQ (Portuguese Institute for Quality) for one week. The measurements
were performed by laser interferometry, according to the Michelson technique. The dimensional
stability was calculated according to the formula specified in ISO (International Organization for
Standardization) 4823:2000. A statistical analysis via a one-way repeated measures ANOVA was
performed. The material shrinkage was 0.29 ± 0.15% after setting, 0.32 ± 0.21% at 24 h and 0.30 ±
0.23% after 1 week. No significant shrinkage of the silicone under investigation was found over time.
This material can be stored for a week without the risk of clinically significant dimensional changes.
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1. Introduction

1.1. Rationale

Taking impressions is an important step in oral rehabilitation procedures such as crowns, fixed
partial dentures or removable prostheses and their performance may dictate part of the success of
treatments [1–4]. Impressions are the negative of the structures of the oral cavity, both of the teeth
to be rehabilitated as well as the adjacent structures [3,5]. It is crucial that they accurately copy the
topography, and for that purpose the impression material must be precise and stable [6,7].

The dimensional stability of the impression materials is the key to an accurate reproduction of the
oral cavity [7].

The future of dentistry is digital [8]. Nonetheless, going digital is still very expensive, and clinicians
continue to use impression materials, such as alginate [9]. Alginate is an irreversible hydrocolloid and
is one of the most commonly used materials in dental medicine due to its easy handling, low cost and
good tolerance by patients [10–12]. One of its disadvantages is the low dimensional stability due to
syneresis and imbibition [12]. Care must be taken when handling and pouring, that is, the amounts
of powder and liquid used must be respected and the alginate impression must be casted as soon as
possible, preferably immediately after it is made [10,12]. There are a few alginates in the market that
can be poured 48 h later with a minimal dimensional change, and sometimes 100 h later [13].

Within the elastomer materials, the two types that have a higher dimensional stability are the
polyethers and vinyl polysiloxane and thus are the most used [1,14,15].
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Vinyl polysiloxanes (VPS), also called addition curing silicone, are composed of two pastes and
have a setting reaction that releases hydrogen in the form of a gas, due to the interaction between
the moisture and the residual hydrides in the base polymer and does not result in formation of
by-products [16–18]. This fact grants these materials superior dimensional stability [18].

1.2. Objectives

The silicone (Imprint™ 4 Preliminary Penta™ Super Quick, 3M ESPE™, St Paul, MN, USA) is a
vinyl polysiloxane (VPS) with indication for preliminary impressions, competing with the traditional
alginates, used for the same purpose. Our goal was to study the dimensional changes of this new
preliminary VPS up to one-week storage time after setting and validate this change, since there are no
studies involving this material.

2. Materials and Methods

The samples (n = 10) of the silicone (Imprint™ 4 Preliminary Penta™ Super Quick, 3M ESPE™,
St Paul, MN, USA, Lot 545318) (Figure 1) were obtained according to International Organization
for Standardization (ISO) 4823:2000, that specifies the use of a test block (Figure 2) [19]. The blocks
were previously washed with deionized water in an ultrasound machine for two cycles and then
placed in an oven at 37 ◦C for 15 min. After that, the material was obtained using an automatic mixer
(Pentamix 2, 3M ESPE™, Seefeld, Germany) in accordance with the manufacturer’s instructions. The
mixture was dispensed into the block assembly and covered with a rigid metal plate, protected with a
polyethylene sheet. A two-kilogram weight was placed above the metal plate to ensure firm sealing of
the material inside the block test. The entire assembly was immersed in a water bath at 35 ◦C to mimic
the temperature of the oral cavity. After the manufacture recommended setting time of one minute
and thirty seconds, the samples were removed from the bath, separated from the test block, washed,
dried with blown air and labelled.
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All samples were measured three times over the course of the experiment: after setting (A); at
24 h (B) and after one week (C). Each line of the sample was measured three times. Each test block
was measured prior to sampling. All measurements were made with laser interferometry, using a
Michelson interferometer with an accuracy of 10 nm. Dimensional change for each specimen was
calculated according to ISO 4823:2000 formula:

∆L =
(L1− L2

L1

)
× 100

where L1 represents the distance measured on the test block and L2 represents the distance measured
on the impression material specimens.

The samples were stored in the metrology department of the Portuguese Institute of Quality at
20 ± 2 ◦C, with a 70% relative humidity. Statistical analysis via one-way repeated measures ANOVA
was performed with IBM SPSS Statistics Software—Version 20.0. The presence of statistical significance
is accepted at a p < 0.05 level.

3. Results

A one-way repeated measures ANOVA was conducted to determine whether there was a
statistically significant difference in the material dimensional stability over a one-week period storage
time. There were no outliers and the data was normally distributed at each time point, as assessed
by boxplot and Shapiro–Wilk test (p > 0.05), respectively. The assumption of sphericity was met,
as assessed by Mauchly’s test of sphericity (p = 0.106). The storage time did not elicit statistically
significant changes in the studied silicone’s dimensional stability (p = 0.622) (Table 1).

Table 1. Descriptive and statistical analysis.

Time Horizontal Line Dimension (mm) Mean (SD) Dimensional Change (%) Mean (SD) p (*)

A 0.07 (0.04) 0.29 (0.15)
p = 0.622B 0.08 (0.05) 0.32 (0.21)

C 0.07 (0.06) 0.30 (0.23)

* one-way repeated measures ANOVA.

The tested silicone presents a high dimensional stability during one-week storage time. After
setting it has a mean dimensional change of 0.29 ± 0.15% that rises at 24 h to 0.32 ± 0.21% and stabilizes
over time until 0.30 ± 0.23% one week later. The highest average dimensional change was observed
after 24 h (Figure 3).Dent. J. 2019, 7, x FOR PEER REVIEW 4 of 6 
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4. Discussion

After 24 h (Group A) the material presents the highest dimensional change (0.32 ± 0.21%). Several
studies were made to test the VPS dimensional stability during storage time [1,14,20–23]. However,
in relation to this particular VPS preliminary material, the literature does not report specific results.
In fact, when compared to other products, the test silicone appears to be very stable. It has a 0.38%
dimensional change limit similar to polyether (Impregum™ Penta™, 3M ESPE™, St Paul, MN, USA)
which has 0.4% dimensional change. Walker et al. [23] reported that Aquasil Ultra Monophase silicone
(Dentsply Caulk, Milford, Germany) presented dimensional changes of 0.32% after 24 h and 0.40%
after 1 week. In the same study, Impregum™ Penta™ Soft polyether (3M ESPE, St Paul, MN, USA)
presented 0.27% of dimensional change after 24 h and 0.34% after 1 week. Jagger et al. [24], presented a
0.30% dimensional change of silicone (Aquasil Ultra Monophase (Dentsply Caulk, Milford, Germany).
In 2014, Sinobad et al. [4] showed that Elite® HD+ Regular body silicone (Zhermack, Badia Polesine,
Italy) had a 0.16% dimensional change immediately after setting, which increased to 0.40% after 24 h
and to 0.52% seven days later, that in fact tells us that the tested silicone showed better results though
being marketed as a preliminary impression material.

The changes that Imprint™ 4 Preliminary Penta™ Super Quick silicone exhibits after one-week
storage time are inferior to the limit of 1.5% imposed by ISO 4823:2000.

5. Conclusions

Storage of the silicone examined in this study for a week does not affect its dimensional stability
thus is not clinically relevant. Dentists should be made aware that this silicone can be stored for a
week without the risk of clinically significant dimensional changes and is a reliable and affordable
replacement for alginate. Digital dentistry is improving but there is still a long road to bring down the
cost. Impression materials will still be the gold standard of impression making for the next decade.
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of disinfectants on dimensional stability of addition and condensation silicone impressions. Vojnosanit. Pregl.
2014, 71, 251–258. [CrossRef] [PubMed]

5. Pereira, J.R.; Murata, K.Y.; Valle, A.L.; Ghizoni, J.S.; Shiratori, F.K. Linear dimensional changes in plaster die
models using different elastomeric materials. Braz. Oral. Res. 2010, 24, 336–341. [CrossRef]

6. Kotsiomiti, E.; Tzialla, A.; Hatjivasiliou, K. Accuracy and stability of impression materials subjected to
chemical disinfection—A literature review. J. Oral Rehabil. 2008, 35, 291–299. [CrossRef]

7. Lemos, S.; Oliveira, R.; Pereira, B.; Ferreira, F. Evaluation of the dimensional alteration of casts obtained from
impressions with a traditional irreversible hydrocolloid and an antimicrobial. Rev. Odontol. UNESP 2010,
39, 41–47.

http://www.ncbi.nlm.nih.gov/pubmed/21084736
http://dx.doi.org/10.1016/S0022-3913(10)60060-1
http://dx.doi.org/10.7251/COM1201105M
http://dx.doi.org/10.2298/VSP120709037S
http://www.ncbi.nlm.nih.gov/pubmed/24697011
http://dx.doi.org/10.1590/S1806-83242010000300013
http://dx.doi.org/10.1111/j.1365-2842.2007.01771.x


Dent. J. 2019, 7, 81 5 of 5

8. Cervino, G.; Fiorillo, L.; Arzukanyan, A.V.; Spagnuolo, G.; Cicciu, M. Dental Restorative Digital Workflow:
Digital Smile Design from Aesthetic to Function. Dent. J. 2019, 7, 30. [CrossRef]

9. Cervino, G.; Fiorillo, L.; Herford, A.S.; Laino, L.; Troiano, G.; Amoroso, G.; Crimi, S.; Matarese, M.;
D’Amico, C.; Nastro Siniscalchi, E.; et al. Alginate Materials and Dental Impression Technique: A Current
State of the Art and Application to Dental Practice. Mar. Drugs 2018, 17, 18. [CrossRef]

10. Meira, D.M.; Collares, T.; Vand der Sand, S.T.; Collares, F.M.; Leitune, V.C.B.; Samuel, S.M.W. Influence of the
time for the disinfection of alginate infected with Staphylococcus aureus in glutaraldehyde and peracetic acid.
Rev. Fac. Odontol. Porto Alegre 2011, 1, 11–14.

11. Zuim, P.R.J.; Garcia, A.R.; Carpanez, S.M.; Máximo, G.M. Accuracy of irreversible hydrocolloid rebasing
technique. Rev. Odontol. Araçatuba 2003, 24, 56–61.

12. Amorim, T.N.; Rodrigues, C.R.T.; Bruno, M.V.; Barbosa, O.L.C.; Barbosa, C.; Pereira, V.F.G.C. Dimensional
stability of two hydrocolloids trademarks. Braz. J. Surg. Clin. Res. 2015, 9, 5–10.

13. Walker, M.P.; Burckhard, J.; Mitts, D.A.; Williams, K.B. Dimensional change over time of extended-storage
alginate impression materials. Angle Orthod. 2010, 80, 1110–1115. [CrossRef] [PubMed]

14. Chen, S.Y.; Liang, W.M.; Chen, F.N. Factors affecting the accuracy of elastometric impression materials.
J. Dent. 2004, 32, 603–609. [CrossRef] [PubMed]

15. Franco, E.B.; Cunha, L.F.; Benetti, A.R. Effect of storage period on the accuracy of elastomeric impressions.
J. Appl. Oral. Sci. 2007, 15, 195–198. [CrossRef] [PubMed]

16. Powers, J.M.; Sakagushi, R.L. “Elastomeric Impression Materials” in Craig’s Restortive Dental Materials, 12th ed.;
Mosby, Ed.; Elsevier: Amsterdam, The Netherlands, 2006; pp. 283–289.

17. Leão, M.P.; Pinto, C.P.; Sponchiado, A.P.; Ornaghi, B.P. Dimensional stability of a novel polyvinyl siloxane
impression technique. Braz. J. Oral Sci. 2014, 13, 118–123. [CrossRef]

18. Sinhoreti, M.A.C.; Vitti, R.P.; Leonardo, R.; Consani, X. Study of Dimensional Accuracy of Stone Models Made
with Different Techniques and Elastomeric Impression Materials; RFO: Passo Fundo, Brazil, 2010; Volume 15,
pp. 139–144.

19. International Organization for Standardization. Dentistry: Elastomeric Impression Materials; ISO: Geneve,
Switzerland, 2000; ISO 4823:2000.

20. Williams, P.T.; Jackson, D.G.; Bergman, W. An evaluation of the time-dependent dimensional stability of
eleven elastomeric impression materials. J. Prosthet. Dent. 1984, 52, 120–125. [CrossRef]

21. Thomas, W.; Kumar, P.; Mathew, S.; Sarathchandran, S.; Jayanthi, P. Effect of storage time and temperature
change on the dimensional stability of polyvinyl siloxane and polyether impression materials: An in vitro
study. J. Dr. NTR Univ. Health Sci. 2016, 5, 204.

22. Nassar, U.; Chow, A.K. Surface Detail Reproduction and Effect of Disinfectant and Long-Term Storage on the
Dimensional Stability of a Novel Vinyl Polyether Silicone Impression Material. J. Prosthodont. 2014, 10, 1–5.
[CrossRef]

23. Walker, M.P.; Rondeau, M.; Petrie, C.; Tasca, A.; Williams, K. Surface quality and long-term dimensional
stability of current elastomeric impression materials after disinfection: Basic science research. J. Prosthodont.
2007, 16, 343–351. [CrossRef]

24. Jagger, D.C.; Vowles, R.W.; McNally, L.; Davis, F.; O’Sullivan, D.J. The effect of a range of disinfectants on the
dimensional accuracy and stability of some impression materials. Eur. J. Prosthodont. Restor. Dent. 2007,
15, 23–28. [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/dj7020030
http://dx.doi.org/10.3390/md17010018
http://dx.doi.org/10.2319/031510-150.1
http://www.ncbi.nlm.nih.gov/pubmed/20677962
http://dx.doi.org/10.1016/j.jdent.2004.04.002
http://www.ncbi.nlm.nih.gov/pubmed/15476954
http://dx.doi.org/10.1590/S1678-77572007000300008
http://www.ncbi.nlm.nih.gov/pubmed/19089129
http://dx.doi.org/10.1590/1677-3225v13n2a08
http://dx.doi.org/10.1016/0022-3913(84)90194-X
http://dx.doi.org/10.1111/jopr.12244
http://dx.doi.org/10.1111/j.1532-849X.2007.00206.x
http://www.ncbi.nlm.nih.gov/pubmed/17378455
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Rationale 
	Objectives 

	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

