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Influence of delayed pouring on 
irreversible hydrocolloid properties

Abstract: The aim of this study was to evaluate the physical properties 
of irreversible hydrocolloid materials poured immediately and after dif-
ferent storage periods. Four alginates were tested: Color Change (Cavex); 
Hydrogum (Zhermack); Hydrogum 5 (Zhermack); and Hydro Print Pre-
mium (Coltene). Their physical properties, including the recovery from 
deformation (n = 3), compressive strength (n = 3), and detail reproduc-
tion and gypsum compatibility (n = 3), were analyzed according to ANSI/
ADA specification no. 18. Specimens were stored at 23°C and humidity 
and were then poured with gypsum immediately and after 1, 2, 3, 4, and 
5 days. The data were analyzed by two-way analysis of variance (ANO-
VA) and Tukey’s test at p < 0.05. All of the alginate impression materi-
als tested exhibited detail reproduction and gypsum compatibility at all 
times. Hydro Print Premium and Hydrogum 5 showed recovery from de-
formation, as established by ANSI/ADA specification no. 18, after 5 days 
of storage. As the storage time increased, the compressive strength values 
also increased. Considering the properties of compounds’ recovery from 
deformation, compressive strength, and detail reproduction and gypsum 
compatibility, irreversible hydrocolloids should be poured immediately. 

Descriptors: Dental Impression Materials; Compressive Strength; 
Calcium Sulfate.

Introduction
Due to their low cost and easy handling, irreversible hydrocolloids are 

one of the most commonly used impression materials in dental practice. 
Currently, they are more commonly used for initial impressions to obtain 
a preliminary model used for diagnostic purposes, treatment planning, 
and fabrication of provisional prostheses or custom trays.1

The alginate impression materials contain sodium alginate, calcium 
sulfate, trisodium phosphate, diatomaceous earth, zinc oxide, and potas-
sium titanium fluoride, all in the form of a powder. When mixed with wa-
ter, a sol is formed through a reaction with the sodium or potassium salts 
of alginic acid and calcium sulfate. After this chemical reaction takes 
place, a fast-setting gel is formed as a result of the replacement of the 
monovalent calcium by sodium and potassium cations, allowing cross-
linking of the alginic salts.2,3 There are many commercial variations of 
alginate that vary in consistency, setting time, elasticity, strength, and 
dimensional stability; manufacturers also add fillers, which can present 
an impact on its properties, application, setting time, and pouring time.2
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The physical, mechanical, and chemical proper-
ties of alginate can be affected by how long they are 
stored and by the storage conditions prior to the 
production of the gypsum cast.4 Compared to other 
impression materials, irreversible hydrocolloids have 
the disadvantages of low dimensional stability and 
reduced capacity for detail reproduction.5 Dental 
casts obtained from impressions made with irrevers-
ible hydrocolloids tend to present decreased detail 
reproduction, particularly in sharp line-angle areas,6 
compared to those from other impression materials, 
such as elastomers. The dimensional stability of algi-
nate is required to obtain reliable gypsum models of 
the molded arches.7 It is recommended that irrevers-
ible hydrocolloid impressions be poured immediately 
or within a few minutes of removal from the mouth 
to prevent distortion.8 Syneresis or imbibition when 
exposed to air or water7 could influence alginate’s 
dimensional stability, leading to less accurate casts.2 
To overcome this problem of a short recommended 
pouring time after impression, new irreversible hy-
drocolloids have been developed with increased 
pouring times, even allowing for up to five days of 
storage. Because pouring time is an important factor 
in the dimensional stability of irreversible hydrocol-

loids and the resulting stone casts, an investigation 
of these new materials is needed. The aim of this 
study was to evaluate the properties of irreversible 
hydrocolloid impression materials poured immedi-
ately and after specific storage periods.

Methodology
This study was conducted at the Laboratory of 

Dental Materials at the Federal University of Rio 
Grande do Sul, and it was approved by the Research 
Committee. Three irreversible hydrocolloid extend-
ed-pour products, Hydrogum 5 (Zhermack, Badia 
Polesine, Italy), Hydro Print Premium (Vigodent 
Coltene, Rio de Janeiro, Brazil), and Color Change 
(Cavex, Haarlen, Netherlands), were compared with 
the conventional irreversible hydrocolloid Hydrogum 
(Zhermack, Badia Polesine, Italy) (Table 1). The stor-
age times tested were 0, 1, 2, 3, 4, and 5 days. All 
materials were handled in accordance with the man-
ufacturer’s instructions and stored with humidity in 
a sealed plastic bag.2,5 The sample size, parameters 
to reproduce detail, compatibility with gypsum, re-
covery of deformation, and compressive strength 
were analyzed in accordance with the ANSI/ADA 
specification no. 18.9 The specimens were measured 

Materials Manufacturer Composition Lot number

Hydrogum Zhermack SpA, Italy Potassium alginate, diatomaceous 
earth, calcium sulfate, trisodium 
phosphate, triaminofunctional silane

103291

Hydroprint 
Premium

Coltene, Switzerland Potassium alginate, calcium sulfate 
hemihydrate, diatomaceous 
earth, magnesium oxide, tetra 
sodium pyrophosphate, potassium 
fluorotitanate, propylene glycol

1101803

Cavex 
ColorChange

Cavex, Netherlands Sodium and/or potassium alginate, 
calcium sulfate hemihydrate, 
magnesium oxide, potassium 
and/or sodium fluorotitanate, 
tetra sodium and/or potassium 
pyrophosphate, phenolphthalein, 
magnesium silicate, thymolphthalein, 
sodium and/or potassium silicate, 
diatomaceous earth

100211

Hydrogum 5 Zhermack SpA, Italy Potassium alginate, diatomaceous 
earth, calcium sulfate, trisodium 
phosphate, triaminofunctional silane

129049

Elite Dental 
Stone IV

Zhermack SpA, Italy Calcium sulfate, potassium sulfate, 
sodium citrate

127086

Table 1 - Materials, 
manufacturers, composition, and 

lot number of the impression 
materials.
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(height and diameter) and weighed before and after 
the storage time. One operator completed the manip-
ulation process, and another operated the universal 
testing machine and measured the specimens.

Detail reproduction and gypsum 
compatibility

The alginates were mixed and inserted into a 
ring mold with a diameter of 30 mm and a height 
of 6 mm. Immediately, the assembly was placed in 
a water bath at 35°C ± 1°C and loaded with a 1-kg 
mass. After 3 minutes of setting time, the assembly 
was removed from the water bath, and the alginate 
impression was separated from the ring mold. The 
surface was rinsed, and the excess fluid was shaken 
off. According to the manufacturers’ instructions, 
the gypsum was mixed, and the cast was filled using 
mechanical vibration. After 30 minutes, the excess 
was removed, and the gypsum casts were examined 
under low-angle illumination at magnifications of 
×4 and ×12. The examiner recorded whether the 
50-µm line was completely reproduced over the full 
length of 25 mm between the intersection lines. The 
detail reproduction and gypsum compatibility were 
considered positive if the 50-µm line was fully re-
produced in at least two of three casts (n = 3).

Recovery from deformation
The ring was placed on a glass plate that was 

filled with mixed alginate material. The cylindrical 
mold, with a diameter of 12.5 mm and a height of 

20 mm, was pressed into the ring until the bottom 
of the mold touched the glass plate. Then, the sec-
ond plate was clamped over the mold to form the 
upper surface of the specimen (Figure 1). Thirty sec-
onds after the end of mixing, the cylindrical mold 
was placed and fixed by a C-clamp in a water bath 
at 35°C ± 1°C. After the setting time recommend-
ed by the manufacturer, the specimen (n = 3) was 
separated and subjected to compression force. The 
applied force was sufficient to deform the height of 
the sample in 20%. The spindle of the dial indica-
tor was gently lowered until it came in contact with 
the area above the specimen, and the height (α) was 
measured with a digital caliper. The specimen was 
deformed to 16.0 mm ± 1.0 mm within 1 s, and this 
deformation was maintained for 5.0 s. The force 
was removed, and the height of the specimen (β) was 
recorded after 40 s. The recovery from deformation 
(RD) was calculated as a percentage using the fol-
lowing formula:

RD = 100 × [1 − (α − β / 20)]

where 20 is the height of the mold, α is the speci-
men’s initial height and β is the specimen’s final 
height.

Compressive strength
The specimens (n = 3) were prepared as described 

for the test of recovery from deformation. Sixty sec-
onds after the manufacturer’s stated setting time, 

Figure 1 - Schematic drawing 
of the procedure for obtaining 

specimens for recovery from 
deformation and compressive 

strength tests. The ring (A) was 
pressed into the cylindrical mold 
(B) containing alginate. After the 

setting time passed, the specimen 
(C) was separated.
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the specimen was placed, covered at both ends, be-
tween the anvils of a compressive strength-testing 
apparatus (DL-2000, EMIC, São José dos Pinhais, 
Brazil). The specimens were loaded continuously 
and as uniformly as possible to produce an average 
rate of loading of 100 N.min−1 ± 20 N.min −1, until 
the first fracture was clearly shown on the graph. 
The compressive strength was calculated in mega-
pascals using the following formula:

K = 4F / πd2

where F is the force at fracture (N) and d is the 
diameter of the test specimen (mm).

Analysis of results
Statistical analysis was performed using SigmaS-

tat (version 4, Ashburn, USA). The normality of the 
results was tested using the Kolmogorov-Smirnov 
test. The statistical tests used were two-way ANO-
VA (delayed pouring time and alginate brands) and 
Tukey’s multiple comparison test. The significance 
level was 5% for all tests.

Results
Detail reproduction and gypsum 
compatibility

All of the alginates analyzed in this study 
achieved satisfactory results for detail reproduction 

and gypsum compatibility after all storage periods, 
according to ANSI/ADA specification no. 18.

Recovery from deformation
According to ANSI/ADA specification no.  18, 

the recovery from deformation should be at least 
95%. Only Hydro Print Premium and Hydrogum 5 
showed results compatible with the norm after all 
storage periods. For ColorChange and Hydrogum, 
the recovery from deformation was in accordance 
with the standard for 0, 1, 2, and 3 days and for 0, 
1, and 2 days, respectively. All of these results are 
shown in Figure 2.

Compressive strength
The results of the compression strength tests are 

shown in Table 2. As the storage time increased, 
compression strength increased for all the materi-
als tested (p < 0.05). Cavex ColorChange exhibited 
lower values of compressive strength. Interactions 
between the factors of ANOVA were statically sig-
nificant (p < 0.001).

Discussion
Irreversible hydrocolloids are hydrophilic materi-

als that can reproduce hard and soft tissue detail in 
the presence of moisture.2 Concerns about their per-
formance include dimensional changes upon pour-
ing delay and the inability to produce accurate casts 

Figure 2 - Recovery from deformation 
values as a function of storage time (in days). 
The columns show the means and the bars 
indicate standard deviations. The reference 
bar represents the ADA no. 18 standard for 
recovery from deformation.
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when the cast is repoured.10 In this study, delayed 
pouring negatively influenced the tested properties 
of irreversible hydrocolloids.

Compressive strength is an important prop-
erty during the impression and production of cast 
models. When removed from the mouth, the mate-
rial must possess sufficient strength to prevent rup-
tures and to ensure elastic recovery.11 Furthermore, 
the impression material should resist the weight of 
the gypsum without distortion. In this study, com-
pressive strength values increased as storage time 
increased, even in a moist environment, for all irre-
versible hydrocolloids tested. One could expect that 
this finding shows an increase in material proper-
ties; however, the high compressive strength values 
could lead to a more rigid material, increasing the 
tearing risk when the cast is removed or subjected 
to compression. One of the reasons for this result 
could be the loss of water in the interior of the mate-
rial, causing the collapse of the fibrillar cross-linked 
network12 and leading to dimensional changes in 
the impression material. Cavex ColorChange dis-
played values higher than those illustrated in ANSI/
ADA specification no. 18—that is, the compressive 
strength should be at least 0.35 MPa. However, 
when compared to other brands, this compound ex-
hibited lower values, which could be explained by 
the different proportions of the components within 
the compound.13

Dimensional changes in impression materials 
may arise from many possible causes, such as con-
traction due to syneresis, imbibition when exposed 
to water or a high-humidity environment, or incom-
plete recovery from deformation due to viscoelastic 
behavior.4 In this study, the dimensional stability of 
all materials tested decreased with increased storage 

time. This lack of stability was most likely a result 
of water gain or loss from the impression after set-
ting to the environment. Imbibition (the absorption 
of fluid by a colloid, resulting in swelling), evapora-
tion, and syneresis (the expulsion of a liquid from a 
gel) produce dimensional changes in the morphology 
of irreversible hydrocolloids.8 An impression with 
dimensional changes could lead to the misfit of pros-
thetic devices and decreased durability of treatments.

The effects of water evaporation and imbibi-
tion can be minimized by pouring the impression as 
soon as possible. Several studies have recommended 
immediate pouring or pouring within 10–15 min-
utes without wrapping in a wet towel to avoid any 
absorption of water by the material.14 Anseth et 
al.15 obtained the best results when dental alginate 
impressions were poured after 10 minutes to avoid 
distortion from the initial expansion and elastic de-
formation, but before 1 hour to avoid distortion of 
the alginate by contraction or expansion due to wa-
ter imbibition and syneresis. However, new irrevers-
ible hydrocolloids appear to allow delayed pouring 
time for impressions without apparent significant 
effects.8 All materials tested in this study were able 
to maintain detail reproduction and gypsum com-
patibility after five days’ storage time, but previous 
studies that evaluated the accuracy and dimensional 
stability of irreversible hydrocolloid impression ma-
terials have demonstrated the necessity of the imme-
diate pouring of the material.16 A systematic review 
showed that shorter storage times before pouring 
are acceptable;8 however, no specific periods were 
described with respect to delays in pouring.

Despite the fact that irreversible hydrocolloids 
are hydrophilic materials, storage in a humid envi-
ronment asserted no influence on the detail repro-

Table 2 - Mean and standard deviation, in MPa, of the alginates’ compressive strength values as a function of storage time, in 
days.

0 1 2 3 4 5

Hydrogum 5  165.5 ± 8.3C,a  213.4 ± 11.4B,c  197.0 ± 9.4B,b,c  185.3 ± 15.4B,a,b  208.2 ± 5.6B,b,c  198.9 ± 9.7B,b,c

Hydrogum  138.9 ± 4.4B,a  227.8 ± 5.2B,b  238.7 ± 2.5C,b,c  245.9 ± 13.8C,b,c  258.0 ± 10.8C,c  245.6 ± 9.5C,b,c

Cavex ColorChange  102.0 ± 3.4A,a  134.1 ± 16.2A,b  139.9 ± 16.3A,b  126.1 ± 7.8A,a,b  149.1 ± 17.7A,b  146.5 ± 10.7A,b

Hydroprint  196.9 ± 12.1D,a  232.2 ± 22.3B,b  254.7 ± 15.5C,b,c  267.1 ± 5.4C,c,d  294.3 ± 3.4D,d  270.0 ± 13.6C,c,d

Capital letters indicate significant difference in columns; small letters indicate significant difference in rows.
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duction and gypsum compatibility of alginate im-
pressions, even after five days of storage. Another 
form of storage was tested in a study by Alcan et 
al.,5 who stored alginate impressions in sealed plas-
tic bags without humidity for up to four days, which 
resulted in statistically significant deformation of 
the alginate impressions. In compliance with the 
manufacturer’s instructions, the specimens in our 
study were stored in a moist environment in an at-
tempt to avoid syneresis.

The impression requires elastic deformation as 
it is removed from the mouth; however, permanent 
deformation can be minimized if the material has 
a sufficiently high elastic limit.11 Only Hydro Print 
Premium and Hydrogum 5 obtained a recovery 
from deformation of 95% or more for all groups. 
The irreversible hydrocolloids may be stretched or 
compressed slightly, but they should not exhibit 
permanent deformation when removed. Hydrogum 

showed 95% recovery from deformation until 
the second day, and Color Change exhibited this 
amount of recovery until the third day.

It has been proposed that new alginates can be 
stored for up to five days; however, the results of 
this study demonstrated that only Hydrogum 5 can 
be stored for 24 hours without causing significant 
changes in its properties. Therefore, the standard 
procedure should be to cast immediately.

Conclusions
The results showed that irreversible hydrocol-

loids must be poured immediately.
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