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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 1µm. 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 

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 µm [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 а 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 ⁰C. 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 µm 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 µm to 99 µm. The greatest difference 
was observed when the model was cast 96 hours 
after the impression was made and resulted in 99 
µm.  

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 µm to 152,8 µm. 
The distance between the abutments of the replica 
model, that was cast after 1 hour after the impression 
was taken, were 2,5 µm larger than the master 
model. After 2 hours the distance increased to 14,5 
µm 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.  

 

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 ( Carl 
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 1µm [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 70µm 
to 99µm, 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 µm 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.  

 
 
5. ACKNOWLEDGEMENT 
 
Results of investigation presented in this 

paper are part of the research realized in the 
framework of the project “Research and develop-
ment of modeling methods and approaches in manu-
facturing of dental recoveries with the application of 
modern technologies and computer aided systems“ – 
TR 035020, financed by the Ministry of Science and 
Technological Development of the Republic of Ser-
bia.  

 
 
6. REFERENCES 
 
[1] D. Stamenković, Stomatološki materijali, 

Zavod za udžbenike i nastavna sredstva, Beograd 
2003. 

[2] E. E. Daou, The elastomers for complete 
denture impression: A review of the literature. The 
Saudi dental journal 22 (2010) 153160. 

[3] J. F. McCabe, A. W.G. Walls, Applied 
dental materials, Blackwell Publishing (2008) 
167172. 

[4] A. M. Lacy, T. Bellman, H. Fukui, M. 
Jendersen, Time dependent accuracy of elastomer 
impression materials. Part I: condensation silicones. 
J.Prosthet. Dent 45/2 (1981) 209214. 

[5] A. M. Lacy, H. Fukui, T. Bellman, M. 
Jendersen, Time dependent accuracy of elastomer 
impression materials. Part II: polyether, 
polysulfides, and polyvinylsiloxane. J. Prosth. Dent 
45/3 (1981) 329333. 

 [6] ISO 10360-2:2001, Geometrical Product 
Specifications (GPS) – Acceptance and reverifica-
tion tests for coordinate measuring machines 
(CMM) – Part 2: CMMs used for measuring size, 
ISO, 2001. 

[7] M. Goldfogel, W.L. Harvey, D. Winter, 
Dimensional change of acrylic resin tray materials, 
Journal of Prosthetic Dentistry 54 (1985) 284286. 

[8] R. H. Hshamati, W. W. Nagy, C. G. Wirth, 
V. B. Dhuru, Delayed linear expansion of improved 
dental stone. The journal of prosthetic dentistry  88 
(2002) 2631. 

[9] N. Martina, M.V. Martinb, N. M. 
Jedynakiewiczc, The dimensional stability of dental 
impression materials following immersion in disin-
fecting solutions, Dental materials  23 (2007) 760–
768. 

[10] J. M. Rodriguez, D. W. Bartlett, The 
dimensional stability of impression materials and its 
effect on in vitro tooth wear studies, Dental materials 
27 (2011) 253–258. 

[11] I. Budak, Dj. Vukelić, D. Bracun, J. 
Hodolić, M. Sokolović, Pre-Processing of Point-
Data from Contact and Optical 3D Digitization Sen-
sors, SENSORS 2012;12(1):1100-1126. 

[12] M. L. Piter, Successful impression taking, 
First time. Everytime. Heraeus Kulzer 1st ed (2005) 
Armonk, NY. 

[13] Ch.P.K Wadhwani, G.H. Johnson, X. 
Lepe, A.J. Raigrodski, Accuracy of newly formula-
ted fast-setting elastomeric impression materials, 
Journal of Prosthetic Dentistry 93 (2009) 530539. 

[14] R. Pant, A. S. Juszczyk, R. K.F. Clark, D. 
R. Radford, Long-term dimensional stability and 
reproduction of surface detail of four polyvinyl 
siloxane duplicating materials, Journal of dentistry 
36 (2008) 456–461. 

[15] R. Butta, Ch. J. Tredwin, M. Nesbit, D. 
R. Moles. Type IV gypsum compatibility with five 



D.Marković, et al., The dimensional stability of elastomeric dental impression materials  
Contemporary Materials, III1 (2012)                                                                                                         Page 110 of 110 

 

 

addition-reaction silicone impression materials, The 
Journal of Prosthetic Dentistry 93 (2008) 540544. 

[16] A. C. L. Faria, R. C. S. Rodrigues, . P. 
Macedo, M. G. C. de Mattos, R. F. Ribeiro, 
Accuracy of stone casts obtained by different 
impression materials, Brazilian oral research 22/4 
(2008) 293298.  

 [17] American National Standards institute/ 
American Dental Association. ANNSI/ADA specifi-
cation no.19, dental elastomeric impression materi-
als. Chicago: ADA. Journal of the American Dental 
Association 94 (2007) 733741. 

[18] J. R. Pereira, K. Y. Murata, A. L. de Val-
le, J. S. Ghizoni, F. K. Shiratori, Linear dimensional 

changes in plaster die models using different ela-
stomeric materials, Brazilian oral research. 24/3 
(2010) 336341.  

[19] M. Ona, H.Takahashi, M. Sato, Y. Iga-
rashi, N. Wakabayashi, Effect of reactive adhesives 
on the tensile bond strength of polyvinyl siloxane 
impression materials to methyl methacrylate tray 
material, Dental Materials Journal 29 (2010) 336–
340. 

[20] Y. Marafie, S. Looney, S. Nelson,  D. 
Chan, W. Browning, F. Rueggeberg, Retention 
strength of impression materials to a tray material 
using different adhesive methods: An in vitro study, J 
Prosthet Dent 100 (2008) 432440. 

  
 

 

ДИМЕНЗИОНАЛНА СТАБИЛНОСТ ЕЛАСТОМЕРНИХ МАТЕРИЈАЛА  
ЗА УЗИМАЊЕ ЗУБНИХ ОТИСАКА 

 
Сажетак: Веома прецизно узимање отиска обично је први корак у изради 

индиректних рестаурација које треба да буду смјештене у или на припремљене зубе. 
Димензиона стабилност отисног материјала може утицати на прецизност израђене 
зубне надокнаде. Еластомерни материјали (адициони полимеризирајући и конденза-
циони полимеризирајући силикони) најчешће су коришћени материјали за узимање 
отисака у фиксној протетици. Састав и врста хемијске реакције одређују колико је 
хитно да се излије односно дигитализује отисак. Циљ овог истраживања је био да се 
процијени димензиона стабилност адиционих и кондензационих силикона у времену. 

Израђен је челични модел од два цилиндра са кугластим врхом. Прво је напра-
вљена акрилатна индивидуална кашика, уз поштовање стандардне процедуре. Уз 
помоћ акрилатне кашике, отисци су узимани монофазном техником, кондензационим 
и адиционим силиконом. Отисци су изливани у гипсу типа IV након различитих вре-
менских интервала, и израђивани су радни модели од гипса. „Мастер модел“ и гипса-
не репродукције скенирани су помоћу скенера Carl Zeiss Coordinate measuring machi-
ne Contura G2 са максималном дозвољеном грешком од 1µm. Обрада је вршена уз 
помоћ софтвера Calypso.  

Отисци узимани адиционим и кондензационим силиконима изливани су у 
различитим временским интервалима. „Мастер модел“ и његове гипсане 
репродукције су скенирани и мјерене су разлике између модела. Димензионе 
промјене између мастер модела и репродукција настале су усљед димензионе 
нестабилности отисног материјала. Разлика је била значајно већа код отисака узетих 
кондензационим силиконом у поређењу са адиционим силиконом.  

Оба отисна материјала, и кондензациони и адициони силикон, показали су 
задовољавајућу димензиону стабилност кад су при изливању поштоване препоруке 
произвођача. У том случају линеарне димензионе промјене нису биле веће од 1%.  

Кључне ријечи: еластомери, материјали за узимање зубних отисака, фиксна 
парцијална протеза. 

 
 


