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Accuracy of stone casts obtained by 
different impression materials

Abstract: Several impression materials are available in the Brazilian 
marketplace to be used in oral rehabilitation. The aim of this study was 
to compare the accuracy of different impression materials used for fixed 
partial dentures following the manufacturers’ instructions. A master 
model representing a partially edentulous mandibular right hemi-arch 
segment whose teeth were prepared to receive full crowns was used. Cus-
tom trays were prepared with auto-polymerizing acrylic resin and im-
pressions were performed with a dental surveyor, standardizing the path 
of insertion and removal of the tray. Alginate and elastomeric materi-
als were used and stone casts were obtained after the impressions. For 
the silicones, impression techniques were also compared. To determine 
the impression materials’ accuracy, digital photographs of the master 
model and of the stone casts were taken and the discrepancies between 
them were measured. The data were subjected to analysis of variance and 
Duncan’s complementary test. Polyether and addition silicone following 
the single-phase technique were statistically different from alginate, con-
densation silicone and addition silicone following the double-mix tech-
nique (p ≤ .05), presenting smaller discrepancies. However, condensation 
silicone was similar (p ≥ .05) to alginate and addition silicone following 
the double-mix technique, but different from polysulfide. The results led 
to the conclusion that different impression materials and techniques in-
fluenced the stone casts’ accuracy in a way that polyether, polysulfide 
and addition silicone following the single-phase technique were more ac-
curate than the other materials.

Descriptors: Dental impression materials; Dental impression technique; 
Fixed partial denture.
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Introduction
Impression taking and pouring are critical steps 

in the process of producing successful crowns and 
bridges in oral rehabilitation. Impression materi-
als should reproduce hard and soft tissues around 
prepared and adjacent teeth in order to obtain bio-
logically, mechanically, functionally and esthetically 
acceptable restorations.1,2,3 There are some factors 
that affect definitive impression quality such as 
tooth preparation design, soft tissue management, 
tray selection, impression material and impression 
technique.4,5

There are several elastic impression materials 
available for dental use: synthetic elastomeric ma-
terials, including polysulfide, condensation silicone, 
addition silicone and polyether; and hydrocolloids.6,7 
All these materials are used for reproducing oral 
conditions in order to construct restorations.

One example of hydrocolloid is alginate, a popular 
material in the last years because of its easy mixing 
and low cost when compared to elastomers. Although 
some professionals have been using alginate in clini-
cal practice for definitive impressions, problems with 
dimensional stability and unsatisfactory detail repro-
duction are some of the limitations to its use.8

Over time, several materials have been intro-
duced in the marketplace in order to improve im-
pression quality. The first synthetic elastomeric im-
pression material, launched in 1950, was polysulfide.
Its elasticity was sufficient for it to be removed from 
retentive areas. Later, in 1955, the introduction of 
condensation silicone represented an advance in im-
pressions materials, as it no longer required custom 
trays. In 1965, polyether was introduced in Germa-
ny as the first elastomeric material developed to be 
used in dentistry, while the others were first used in 
industry. Addition silicones were launched in 1975 
presenting good characteristics.6,7

In spite of their different characteristics, all these 
impression materials are used for reproducing oral 
tissues. So, the aim of the present study was to com-
pare the accuracy of different materials used in im-
pressions for fixed partial dentures.

Material and Methods
The impression materials used in the present 

study and their manufacturer’s instructions are pre-
sented in Table 1.

A master model was prepared representing a par-
tially edentulous mandibular right hemi-arch seg-
ment. The remaining teeth in the hemi-arch segment 
were the 44 and 46 (1st premolar and 1st molar). 
The  45 (2nd premolar) was missing. The remaining 
teeth were made in Co-Cr alloy and presented full-
crown preparations (Figure 1). This master model 
was tightened to the horizontal base of a dental sur-
veyor.

To perform the impressions, custom trays were 
fabricated with auto-polymerizing acrylic resin and 
there was a device on these trays to tighten them to 
the vertical shaft of the dental surveyor. Perfora-

Table 1 - Trademarks, manufacturers and pouring times of 
the impression materials evaluated.

Material Trademark Manufacturer
Pouring 
time*

Alginate Jeltrate
Dentsply Ind. Com., 
Petrópolis, RJ, Brazil

Immediate

Polysulfide Coe-flex
GC America INC., 
Alsip, IL, USA

Immediate

Polyether Impregum
3M ESPE, Seefeld, 
Germany

30 minutes

Condensation 
silicone

Silon
Dentsply Ind. Com., 
Petrópolis, RJ, Brazil

Immediate

Addition 
silicone

Aquasil LV
Dentsply Ind. Com., 
Petrópolis, RJ, Brazil

60 minutes

*According to the manufacturers’ instructions.

Figure 1 - Master model.
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tions in the trays allowed the materials to extrava-
sate without resistance, allowing complete seating 
of the tray on the master model (Figure 2). For the 
impressions, each material was mixed according to 
its manufacturer’s instructions. After mixing, the 
tray and impression syringe were filled and the ma-
terial was injected over the prepared teeth. Next, 
the tray was tightened to the dental surveyor and 
the impression was taken. The use of the dental sur-
veyor allowed the path of insertion and removal of 
the tray to be standardized. For the silicones, two 
impression techniques were used: single-phase (SP) 
and double-mix (DM). When the double-mix tech-
nique was performed, the teeth were relieved with 
wax (1 mm) for the first impression.

After the setting time, the tray was separated 
from the master model. According to the manufac-
turer’s instructions, the stone (Durone IV, Dent-
sply Ind. Com., Petrópolis, RJ, Brazil) was mixed 
by hand at a powder / water ratio of 100 g / 20 ml 
within 1 minute and the impressions were poured 
under gentle vibration. For stone cast standardizing, 

a device was fabricated to box the tray during the 
pouring. After 1 h, the stone casts were separated 
from the impressions.

To determine the impression materials’ accuracy, 
photographs of the master model or stone casts and 
a caliper (Mitutoyo Sul Americana Ltda., Suzano, 
SP, Brazil), set at 1 mm, were taken using a digital 
camera.9 After this, the software Image Tool (The 
University of Texas Health Science Center in San An-
tonio, TX, USA) was used to measure the distance 
between the teeth. Calibration was achieved based 
on the caliper’s reference, and the distance between 
the edges of the tooth preparations was measured. 
Three measurements were made for each image and 
the mean of these measurements was used. The dis-
crepancies between the master model and the stone 
casts were determined by the absolute value of the 
differences between them (Figure 3). 

The number of samples was five for each mate-
rial. The data were subjected to analysis of variance 
and Duncan’s complementary test to compare the 
accuracy of the different impression materials us-
ing the statistical software SPSS 12.0 for Windows 
(SPSS Inc., Chicago, IL, USA). 

Results
The mean and standard deviation of the dis-

crepancies between the prepared tooth edges in the 
master model and in the stone casts are presented in 
Table 2 and Graph 1.

Statistical analysis showed significant difference 
(p ≤ 0.05) between the discrepancies between mas-

Figure 2 - Master model and perforated tray positioned in 
the dental surveyor for impressions.

Figure 3 - Measurement between teeth using the software 
Image Tool.
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ter model and stone casts obtained by the different 
impression materials. The data showed that poly-
ether was statistically different from alginate, addi-
tion silicone (DM) and condensation silicone (DM 
and SP), presenting smaller discrepancies. Conden-
sation silicone (DM and SP) was similar (p = 0.126) 
to alginate and addition silicone (DM), but different 
from polysulfide and addition silicone (SP). In ad-
dition, polysulfide was statistically similar to poly-
ether, addition silicone (SP e DM) and alginate.

Discussion
An accurate stone cast is indispensable for the 

fabrication of a crown or bridge and the choice of 
impression material is vital.

There are specifications for impression materi-
als, according to ANSI/ADA,10,11 to test the ability 
of reproducing dental details; however, these speci-
fications have used simulated tooth models present-
ing areas that can be easily measured.12 Although 
the test embodied in the specifications provides 
good baseline data to compare materials, the test-
ing conditions differ from those encountered during 
clinical practice; therefore, the master model used in 
the present study represented a partially edentulous 

mandibular right hemi-arch segment, a common 
situation in clinical practice.

Among the materials tested in this study, alginate 
is the most popular in dental clinics because of its 
low cost and easy use. Studies that compared algi-
nate and elastomeric impression materials have found 
similar accuracy results.12-14 Confirming the results of 
the studies cited above, in the present study alginate 
presented an accuracy similar to that of elastomeric 
impression materials other than polyether, suggesting 
that alginate can be used to replace some elastomeric 
impression materials like condensation silicone and 
addition silicone following the double-mix technique. 
Alginate’s instability through time and its surface 
roughness because of water loss are disadvantages, 
limiting its use only for diagnostic casts.9 Neverthe-
less, alginate presented an acceptable accuracy in the 
present study, as long as the manufacturer’s instruc-
tions for pouring time are followed.

Polyether and polysulfide are materials whose 
accuracy is greater. Even though custom trays are 
required, which increases the clinical time spent for 
the procedure, the trays provide material economy2 
and standardize the impression material thickness, 
improving accuracy and decreasing permanent de-

Table 2 - Measurement of discrepancies (mm) between the prepared tooth edges in the master model and in the stone casts. 
The data are shown as means and standard deviations. Different letters indicate statistical difference (p < .05).

Materials Polysulfide Polyether
Addition 

silicone (SP)
Addition 

silicone (DM)
Condensation 
silicone (SP)

Condensation 
silicone (DM)

Alginate

Mean 0.17a,b 0.12a 0.15a 0.30b,c 0.38c 0.40c 0.30b,c

SD 0.06 0.09 0.05 0.12 0.02 0.11 0.15

SP: single-phase. DM: double-mix.

Graph 1 - Measurement 
of discrepancies between 

stone cast and master 
model. The data are 

shown as means and the 
bars indicate standard 

deviations.
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formation.15,16 Besides, polyether is extremely stiff 
when set, requiring great forces to remove full-arch 
impressions.12 Henry, Harnist17 (1974) reported that 
polyether was the most accurate impression mate-
rial, as also found in the present study.

According to Wee18 (2000), the use of either poly-
ether or addition silicone is recommended for direct 
implant impressions. However, Thongthammachat et 
al.2 (2002) related that addition silicone was clearly 
superior to polyether although some clinicians have 
suggested that polyether presents superior elastic 
properties and accuracy for implant reconstruction.

As silicones are available in the marketplace as 
putty and light body material, they do not require 
the use of custom trays. While condensation silicone 
presents ethylic alcohol as a product of the reaction, 
causing shrinkage of the impression, in the addition 
silicone reaction volatile products are not released, 
improving accuracy.6 However, addition silicones 
are intrinsically hydrophobic in nature, which can 
result in voids at the tooth preparation’s margin in 
the impression and bubbles in the gypsum casts. 
Therefore, recently, addition silicones have been 
labeled as hydrophilic due to extrinsic surfactant 
addition, improving oral tissue and gypsum wet-
tability when the impression and cast pouring are 
performed.6,19 Even though a superficial characteris-
tics evaluation was not the aim of the present study, 
bubbles or voids were not observed on the stone cast 
surfaces obtained with addition silicone. In relation 
to accuracy, condensation silicones presented great-
er discrepancies than did addition silicones.

On the other hand, differences were observed be-
tween the impression techniques when addition sili-
cone was used. The single-phase technique present-
ed greater accuracy than the double-mix technique. 
These results confirm the results found by Hung et 
al.20 (1992), who compared the one-step versus the 
two-step putty wash addition silicone impression 
technique and found that the one-step was more ac-
curate than the two-step technique. 

The discrepancies between stone casts and mas-
ter model had positive and negative values, but in 
order to avoid false results due to the positive and 
negative values canceling each other out, the data 
were converted to absolute values, as also did Chen 
et al.9 (2004). Based on the present methodology, 
which defined accuracy as a consistency in the mea-
surements of the distance between two determined 
points on the abutment teeth, it was not possible 
to suggest the existence of shrinkage or expansion 
of the stone casts due to the fact that some areas 
present shrinkage due to polymerization shrink-
age towards the center of the material, while others 
present expansion due to tension release after the 
impression removal.

Conclusion
The results found in the present study led to the 

conclusion that different impression materials and 
techniques influenced the stone cast accuracy in a 
way that polyether, polysulfide and addition silicone 
(following the single-phase technique) were more 
accurate than the other materials.
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