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Does the contact time of alginate with
plaster cast influence its properties?

Abstract: The aim of this study was to verify the influence of the time
of contact between alginate and gypsum after the modeling procedure
on the properties of the plaster cast, such as surface detail, dimensional
stability and microhardness. Thirty cylindrical specimens of orthodontic
gypsum Type III were made by means of impressions of a stainless steel
master model which had five reference lines in the upper surface. The
samples were divided into two groups: Group 1 (G1) — with time of con-
tact of 1 hour; and Group 2 (G2) — 12 hours of contact. All the specimens
were stored up to 48 hours until they underwent laboratory testing. Sur-
face detail and dimensional stability were tested by one calibrated exam-
iner using a visual analysis and a profilometer (Profile Projector Nikon
model 6C, Nikon Corporation, Tokyo, Japan), respectively, to evaluate
the quality of reproduction of the lines and the distances between them.
The microhardness was determined for each sample by making six in-
dentations with a Vickers diamond pyramid indenter (Buehler, Lake
Bluff, USA) under a load of 100 gF for 15 s. The results showed signifi-
cant difference (P < 0.05) between groups in two of the three properties
examined: surface detail and microhardness, which decreased as the time
of contact rose. The 12-hour time of contact between alginate and the
plaster cast is not recommended because it influences the quality of the
plaster cast.

Descriptors: Dental Impression Materials; Calcium Sulfate; Surface
Properties; Hardness.

Introduction

Plaster casts have long been used in Dentistry for the purposes of
diagnosis and treatment planning, because they allow a tridimensional
evaluation of dental occlusion.! They constitute records of the dental
arches and must present high quality and precision.?

The plaster cast quality is related to the materials chosen and the way
they are manipulated. Dentists should be informed about the advantages
and disadvantages of each material to use them adequately in clinical
practice.’ Alginate and gypsum are materials extensively used to make
impressions and casts, respectively.**

The alginate presents problems with dimensional stability over time,
and water loss causes roughness on the plaster surface, therefore it is not
recommended for the construction of indirect restorations.* However, it
has been the material of choice for making orthodontic study models,
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because it is easy to use, is well accepted by the pa-
tient, has low cost,*®” and presents adequate dimen-
sional stability, provided that the manufacturer’s
instructions as regards pouring time are followed.

Professionals should take care to follow manu-
facturer’s recommendations. The technical criteria
for manipulation, such as the proportion of pow-
der and water, mixing time, water temperature, jel-
lification time of alginate, method for disinfecting
impressions, storage time of alginate, and gypsum
setting time (related to the time of contact between
alginate and gypsum) must be observed to guarantee
the quality of casts. Compatibility between materi-
als must also be observed. Some alginates are not
compatible with some types of gypsum, resulting in
inadequate models.**

The aim of this study was to evaluate the influ-
ence of the time of contact between the alginate im-
pression and gypsum poured into it on the quality
of the cast, by analyzing the surface detail, dimen-
sional stability and microhardness.

Methodology

A cylindrical stainless steel master model was
used to make 30 standardized samples of orthodon-
tic gypsum Type III (Max Polo Gesso Ltda., Rio de
Janeiro, Brazil). The upper surface of the stainless
steel cylinder had three reference lines of different
widths: A = 75 um; A’ = 50 um, and A” = 25 um;
intercepted by two perpendicular lines, located near
the outer contour of the cylinder, called B and B’,
both 75 um wide (Figure 1).

To prepare the specimens, the manufacturer’s
recommendations were followed. First, alginate (Jel-
trate, Dentsply Ind. Com., Petrépolis, Brazil) was
manually mixed for 45 seconds, and then inserted
into a rubber ring, which was coupled to the metal
cylinder and acted as a tray. After this, the ring was
covered with a glass plate (weight 400 g) in order
to shape the impression. The set remained immobile
for 3 minutes, corresponding to the jellification time
of alginate. Finally, the ring and cylinder were sepa-
rated and an alginate impression was obtained.

Immediately after making the impressions, the
orthodontic plaster was manipulated under vacuum
for 30 seconds and then it was gradually poured
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Figure 1 - Upper surface of the stainless steel cylinder, in
which the lines A (75 um wide), A" (50 um), A” (25 um), B
and B’ (both measuring 75 um in width) may be seen.

onto the alginate surface under vibration at low
speed. When the impression was completely filled
with gypsum, the glass plate was placed on it and
kept under slight pressure (400 gF - exerted by
weight of the glass plate), in order to flatten the sur-
face and shape the specimen.
The samples were randomly divided into two
groups:
® Group 1 (G1), in which the cast remained in
contact with the alginate for 1 hour (Control
Group); and
® Group 2 (G2), in which contact between the ma-
terials was maintained for 12 h.

All the specimens were stored (up to 48 hours) in
a plastic receptacle with small holes in it, until they
underwent laboratory testing. Surface detail, di-
mensional stability and Vickers microhardness were
tested by one calibrated examiner.

Surface detail

An index was created to evaluate the quality of
reproduction of the lines A, A’and A” (Table 1). Eval-
uations were performed at 4x magnification (Aus
Jena, Germany) and under artificial light (100 watts).
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Table 1 - Surface detail index to evaluate the impression

surface.
Score Impression surface
0 None of the 3 lines were visible

1 Only line A (75 um) was clear

Line A (75 um) was clear and line A" (50 um) presented
up to 2 interruptions

3 Lines A (75 um) and A’ (50 um) were clear

4 Lines A (75 um), A" (50 um) and A" (25 um) were clear

Dimensional stability

Dimensional stability was evaluated by taking
one measurement for each specimen from line B to
B’. The Profile Projector Nikon profilometer, model
6C (Nikon Corporation, Tokyo, Japan) was used for
taking the measurements.

Vickers microhardness

Vickers microhardness was determined for each
sample by making six indentations in different re-
gions along lines A, A’ and A” using a Vickers dia-
mond pyramid indenter (Buehler, Lake Bluff, USA)
under a load of 100 gf for 15 s.

Statistical analysis

Statistical analysis was performed using the
Statistical Package for the Social Sciences software
(version 17, SPSS Inc., Chicago, USA). The differ-
ence between groups for the scores of the variable
surface detail was assessed by the Chi-square test.
The values obtained for the scale variables, dimen-
sional stability and microhardness were tabulated
and submitted to normality and homogeneity tests
(Shapiro-Wilk and Levene) at a 0.05 level of signifi-
cance. Once normality and homogeneity were veri-
fied for these variables, Student’s-t test was applied.

Results

The results of the Surface detail index are shown
in Table 2. Statistically significant difference was
found between Group G1 and G2 (P = 0.001). The
results of the variables dimensional stability and
Vickers microhardness are shown in Tables 3 and 4,
respectively.

Table 2 - Frequency distribution of the surface detail index.

Surface detail index
Score O | Score 1 | Score 2 | Score 3 Score 4
et 00 1 i 3
° (0%) (0%) (6.66%) | (73.33%) | (20%)
group)
2 t
%) ;ﬁ;’lz 0 0 9 5 1
(0%) (0%) (60%) | (33.33%) | (6.66%)
group)

Table 3 - Descriptive statistics for dimensional stability

(mm).
Mean Standard deviation P value
Gl 25.07 0.04
0.3
G2 25.08 0.05

Table 4 - Descriptive statistics for Vickers microhardness

(kgf/mm2).

Mean Standard deviation P value
Gl 169.72 52.41
0.039
G2 133.53 37.19
Discussion

The results of this study showed that when the
time of contact between alginate and plaster was in-
creased (G2), it produced damage to the cast surface
quality, reducing the surface richness of detail and
microhardness, even though it had no influence on
its dimensions.

The International Standards Organization (ISO)
has a standard technique for performing alginate
impressions: ISO 1563:1990,” which states that the
dental casts obtained from alginate molds must re-
produce lines of 50 wm in width. The scores 3 and
4 of the surface detail index created in this research
are consistent with the standard technique. The re-
sults of this study showed that 93.33% of the speci-
mens from the control group (G1) were in compli-
ance with the standard technique, however, most
of the specimens in Group 2 (12 hours of contact
between plaster and alginate) had score 2, and did
not comply with the ISO standard.

In addition to the loss of detail, the microhard-
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ness of the cast was also reduced by increasing the
time of contact between plaster and alginate. The
literature reports that alginate does not have di-
mensional stability, and it is necessary to pour the
plaster immediately after molding has been com-
pleted,'®" or within up to 60 minutes if the impres-
sion is kept in 100% humidity,'* because alginate
undergoes syneresis resulting in contraction. It is a
good practice to separate the model and the cast be-
fore the hydrocolloid dehydrates because the dried
alginate can cause abrasion of the cast during its re-
moval."® Although no visible abrasion was verified
in the casts in this survey, loss of richness in detail
and reduced microhardness observed were probably
due to alginate dehydration.

The literature confirms that alginate impression
materials have less stability and accuracy when the
storage time of alginate increase,"*'* but the time of
contact between alginate and gypsum has not been
tested before. This study showed that the dimen-
sional stability of the casts was not affected by in-
creasing the time of contact between alginate and
plaster. Although the dry alginate undergoes dimen-
sional changes if it is not cast in plaster, it was found
that the plaster model did not undergo dimensional
changes when the contact time between plaster and
alginate was increased. This is probably due to the
fact that orthodontic plaster (type III) has smooth
and acceptable setting expansion'®!” and is not in-
fluenced by alginate contraction, considering this
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property.

This study has elucidated some of the conse-
quences of increasing the time of contact between
alginate and gypsum, however, this factor must be
tested under other conditions to simulate the clinical
routine, for example, performing disinfection of the
casts,'!” as well as using 100% humidity while the
plaster undergoes setting to avoid alginate syneresis.
Further research is also suggested using other times
of contact between alginate and plaster, longer than
1 hour, but shorter than 12 hours.

Conclusion

The increased time of contact between alginate
and plaster produces damage to the cast surface
quality, reducing the surface richness of detail and
microhardness, even though it had no influence on
its dimensions.
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