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Introduction

Abstract

Background and Aim: Dental stone type IV and V are predominantly used for con-
struction of cast and die in fixed prosthodontics and must have some special proper-
ties. The aim of this study was to compare the three physical properties of an Iranian
a German dental stone type V.

Materials and Methods: In this experimental study, setting time, setting expansion
and compressive strength properties were evaluated according to ADA specification
No.25for Iranian Tara and German Gildand type IV dental stone. For setting time,
setting expansion and compressive strength tests, Vicat apparatus, extensometer and
universal testing machine were used, respectively. Data were compared to ADA spec-
ification No.25 for dental stone type IV and statistically analyzed using t-test with a
0.05 level of significance.

Results: Mean of setting expansion for Iranian and German dental stone were
0.024+0.011 and 0.0245+0.009, respectively and were within the limits of ADA spec-
ification and there was no statistically significant difference between them (P=0.966).
Mean of setting time for Iranian and German dental stone were 44.5+0.70 and
17.2940.41 and mean of compressive strength for Iranian and German dental stone
were 16.17+0.97 and 20.15+1.96 and both specifications were not within the limits of
ADA specification, but statistically significant differences were found between
groups (P<0.001).

Conclusion: Iranian dental stone type IV could not fulfill 2 out of 3 tested ADA
specification and modification of this stone is necessary for use in fixed prosthodon-
tics laboratory processes.
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ent physical properties making each of them desir-

Gypsum products are widely used in dentistry and
especially in prosthodontics [1]. Gypsum used in
dentistry are a form of calcium sulfate hemihydrate
(CaS0,.2H,0), which is classified into five types
according to the American Dental Association
(ADA) specification #25. Although these types
have identical chemical formula, they pose differ-
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able for different purposes [2]. There are various
properties that could be evaluated for dental stones,
but according to ADA specification #25 five main
properties are considered to assess dental stones
which are as follow: setting time, fineness, setting
expansion, compressive strength and consistency
(Table 1).
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Table 1: Properties of five types dental stones according to ADA

Setting expansion

at 2hours Fineness
Tvpe Setting Compressive . Testing Powder/water
yp time (min) strength (MPa) {) Sa SS(:; ;15evens1 ist ratio
Min %  Max % n n consistency (mm)
% %
Type I(pl:iitr?; » impres- 4+1 0/00 0/15 4 98 85 - 0/40-0/75
Type Ii(plaster, model) 1244 0/00 0/30 9 98 90 3043 0/45-0/50
Type ITI(dental stone) 1244 0/00 0/20 21 98 90 3043 0/28-0/30
Type IV(dental stone, 1244 0/00  0/10 35 98 90 30+3 0/22-0/24
high strength)

Type V(dental stone, high 1244 0/01 0/30 49 98 90 3043 0/18-0/22

strength, high expansion)

Cast and die used for indirect casting technique
must have specific properties in order to construct
a favorable restoration which is especially more
important for implant-supported restorations. Type
IV and V dental stones are the most frequently
used materials for fabrication of casts and dies, due
to their perceived dimensional accuracy, low cost
and ease of use [1,3-4]. There are some studies
evaluating the physical properties of Iranian dental
stones [5-7], but there is no study evaluating the
physical properties of type IV Iranian dental stone.
Therefore, the aim of this study was to compare
three physical properties of one Iranian and one
German type IV dental stone.

Materials and Methods

An Iranian dental stone type IV (Tara 250,
Kheyzaran, Isfahan, Iran) and a German dental
stone type IV (Gildand, Germany) were used in
this experimental study. There was no analytical
procedure for evaluating the sample size. Sample
size, the way for preparing the samples and the
condition of study were in accordance with ADA
specification #25 and similar studies [5-11]. The
environment with a temperature of 23+£2°C and a
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humidity of 50£10% was considered for all devic-
es at least 15 hours before study.

Setting time was determined through already estab-
lished methodology [8], using Vicat apparatus (Is-
fahan, Iran). This apparatus allowed the analysis of
the setting time through the insertion of a metallic
needle (1 mm diameter and 50 mm length) con-
nected to a vertically mobile aluminum rod, under
a total weight of 300g. A PVC cylinder with an
internal diameter of 70 mm in top and 60 mm in
bottom and height of 40mm was attached to a
100100 mm glass plate. The plaster mass was
mixed according to manufacturer’s recommenda-
tions and shed into the cylinder with the aid of a
vibrator (Whip mix Corp., Louisville, KY) and
then placed under the Vicat apparatus. The needle
was placed at a distance of 0.5 mm from the gyp-
sum surface and abruptly set free 2 minutes before
the mass lost its superficial luster, then sequential
insertions were carried out every 15 seconds in
different areas (standardized in quadrants), until
the needle could not fully penetrate the mass any
longer [12]. The time spent between the beginning
of the mixing up to the point where the needle
could not fully penetrate the mass any longer was
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measured with chronometer and setting time was
obtained [5,8]. This procedure was done twice for
each dental stone.

Setting expansion was determined with expansion
meter device constructed with impervious stainless
steel. This device consisted of a V-shaped gutter
fixed on a base and a mobile steel cube of 30+1
mm height and 200+£10 g weight. The gutter shell
thickness was 4 mm with an internal diameter of
30+1 mm and the angle of two opposite sides was
90 degrees. The gutter was open at one side and
closed on the other side. A micrometer (Ericsson,
Hudiksvall, Sweden) with 0.005 mm accuracy,
fixed in place using aluminum bearing, was used to
measure the expansion of plaster models. At the
start of the test, the length between the moving part
of steel cube and fixed part of V-shaped gutter was
adjusted to 100+1 mm using a digital caliper
(CCCP, Russia) with an accuracy of 0.05 mm.
Then, the bottom of the V-shaped gutter was cov-
ered with a 0.1 mm thickness latex rubber dam
(Dentorama, Stockholm, Sweden) to prevent limit-
ing the expansion of gypsum [13]. Water and pow-
der was mixed according to the manufacturer’s
instructions and shed into the V-Shaped gutter us-
ing the vibrator. The top of the gutter was covered
with a sheet of latex rubber dam to prevent evapo-
ration of water. The measurement was done one
minute before setting and two hours after mixing
and then the percentage of expansion was calculat-

. . Ly —L,

ed according to following formula:Lg:  ——x 100
where Ly was the final length and L, was the’ initial
length. This procedure was done twice for each
dental stone.

To test compressive strength, 5 split stainless and
impervious teflon cylinders with diameter of
20+0.2 mm and height of 40+0.4 mm were used.
Initially, each teflon mold was placed on a glass
plate and then water and powder was mixed ac-
cording to the manufacturer’s instructions and
poured into the molds to be slightly overfilled us-
ing the vibrator. Before the surface of the mixture
lost its luster, the second glass had been placed on
it, so that the plaster surface was in contact with
the glass. The molds was separated 45+1 minutes
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after mixing and samples were maintained in envi-
ronment with 23+2 °C temperature and 95+5%
humidity. Any sample with porosity or fracture
was excluded and new sample was prepared. Com-
pressive strength test was done for all samples us-
ing universal testing machine (Instron Corp., Can-
ton, Mass) with the force of 5+2 KN/min.

The data were statistically analyzed by SPSS soft-
ware (Version 16) using t-test with 0.05 level of
significance.

Results

The results were summarized in table 2. The mean
of compressive strength of Iranian and German
dental stones were 16.17+0.97 and 20.15£1.96
MPa, respectively which both were below the
ADA standards. The mean compressive strength of
two dental stone had statistically significant differ-
ences with each other and also with standard value
(35MPa) using t-test (P<0.001). The mean of set-
ting expansion of Iranian and German dental
stones were 0.024+0.011% and 0.0245+0.009%,
respectively which both were within the standard
range (0-0.1%) and did not have any significant
difference (P=0.966).

The mean of setting time of Iranian and German
dental stones were 44.5+0.70 and 17.29+0.41
minutes, respectively. Although both values were
more than the standard range (12+4 min), they had
a statistically significant difference with each other
(P=0.001).

Discussion

This study evaluated and compared setting time,
setting expansion and compressive strength of two
type IV dental stones.

Setting time

The time between start of mixing water and gyp-
sum and completion of setting is called setting time
[14]. This time should not be too short to get the
appropriate time from technician, and not too long
to waste the time of the laboratory personnel. This
time is usually determined by one kind of penetra-
tion test and based on the ADA specification #25,
this was determined with standard Vicat apparatus
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Table 2: Statistical parameters of compressive strength, setting time and setting expansion of two studied dental stones

Plaster type Property Mean Standard deviation Minimum Maximum
Compressive Iranian plaster 16/17 0/97 14/97 18/15
strength
German plaster ~ 20/15 1/96 17/83 24/84
Iranian plaster 44/50 0/70 44/00 45/00
Setting time
German plaster  17/29 0/41 17/00 17/58
Iranian plaster 0/024 0/011 0/016 0/032
Setting expansion
German plaster  0/0245 0/009 0/018 0/031

[2]. Setting time of different dental stones depend
on factors such as water-powder ratio, time and
speed of spatulation, temperature of water and en-
vironment, composition of water and powder, hu-
midity of environment and the colloidal system
(blood and saliva)[1,15]. Factors that reduce set-
ting time are reduced water-powder ratio, increase
time and speed of spatulation, adding Terra Alba,
increase salt such as sodium chloride or 0.4 potas-
sium sulfate and increase the temperature of water
and environment from 23 °C to 30 °C. The oppo-
site factors increase the setting time [15]. The re-
sults of this study showed that the mean of setting
time of Iranian and German dental stones were
44.5+0.70 and 17.29+0.41 minutes, respectively,
which were more than the ADA standard setting
time (12+4 min) but the difference between Iranian
dental stone and standard value was more than that
of German dental stone. In the study of Lucas et al.
the setting time of evaluated type IV dental stone
was 10 minutes, which was within the normal
range [11].

Von Fraunhafer and Spiers [16] and Brukl et al.
[17] showed that increasing of 5% potassium chlo-
ride and potassium bicarbonate could lead to de-
creased setting time. Distilled water was used in
this study because the minerals in the water of dif-
ferent regions could affect the setting time of gyp-
sum.

Setting expansion

Expansion of gypsum during calcium sulfate hy
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dration has been discussed [18-19] and the linear
expansion of 0.06 to 0.5 is expected based on the
gypsum composition and calcination process
[1,20]. Based on ADA standards, setting expansion
of type IV dental stones range from 0 to 0.1%. In
this study setting expansion of Iranian and German
dental stones were 0.024+0.011% and 0.0245 =+
0.009%, respectively which were within the ac-
ceptable range of ADA. In a study by Abdollah,
setting expansion of a type IV dental stone was
0.0134+0.012%, which was lower than the present
data [10]. Dimensional stability of gypsum is of
upmost importance in dental casts, because chang-
es in cast surface lead to poor quality prostheses
[21-28]. Success and adaptation of casting restora-
tions depend on the dimensional accuracy, strength
and ability to construct the details of materials used
for die. The margin of restoration will be in more
contact with tooth finish line, if the die has above
qualities and the problems resulting from marginal
discrepancies of restoration such as cement solu-
tion [21], caries [22-23], pulpal involvement [24].
Increase microbial plaque [25], change in
subgingival flora [26] and gingival inflammation
[27-28] will be reduced to a minimal level.

The accuracy and stability of master cast are the
primary essentials in the manufacture of implant-
supported prostheses. Marginal discrepancies and
lack of seal in implant-supported prostheses in-
crease the solution of cement in margin and can
lead to eccentric forces applied to the implant [13].
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Moreover, marginal discrepancies can lead to plas-
tic deformation of the metal framework, porcelain
detachment, fracture of implant system compo-
nents and plaque accumulation, and thus plays an
important role in the survival rate of prostheses
[29-30].

If the gypsum used for making master cast had
small expansion rate and was stable, the adaptation
of restoration made through indirect technique
could improve. Based on Anusavice [1] and
O’Brien [20], chemicals that regulate the setting
time of gypsum products, result in reduced expan-
sion rate during calcium sulfate hydration. Hence,
manufacturers can simultaneously control the set-
ting time and decrease expansion rate by control-
ling the accelerators and inhibitors.

Factors which increase the setting expansion are
reduced water-powder ratio, increase time and
speed of spatulation, increase environment and
water temperature from 23 °C to 30 °C and adding
materials like sodium chloride. On the other hand,
adding materials like potassium sulfate can lead to
decrease in setting expansion of gypsum products
[1,13,17,31]. Lauten Schlager and Corbin in a
study about relationship between porosity and ex-
pansion of dental stones, concluded that with in-
creasing water-powder ratio, the density and ex-
pansion of gypsum will decrease [32].

Compressive strength

Strength of type IV and V dental stones especially
in complex fixed prostheses is very important.
Strength is a basic requirement in fabrication of
porcelain margins and where the need for fabrica-
tion of transfer coping exists. Therefore, use of
type IV dental stone impregnated with resin or
copper coated die will be recommended in this sit-
uation due to better dimensional stability and
strengths compared with type IV and V dental
stones [33-34]. However, the use of gypsum prod-
ucts is easier. Compressive strength of type IV
dental stone must be at least 35 MPa according to
ADA standards. In this study compressive strength
of Iranian and German dental stones were
16.17+0.97 and 20.15+1.96 MPa, respectively, and

65

both values showed significant differences with the
standard value.

Compressive strength of one type IV dental stone
in Abdullah study was 38.27+0.32 MPa which was
within the ADA standard range [10]. Compressive
strength of gypsum depends on water-powder ra-
tio. Decreasing of this ratio leads to increase in
compressive strength. Increase time and speed of
spatulation and changes in environment and water
temperature do not affect the compressive strength
of gypsum [15,20].

Setting time and compressive strength of Iranian
and German dental stones were not within an ac-
ceptable range and this is probably due to the high
water-powder ratio. However, setting time and
compressive strength values of German dental
stones were closer to ADA specification #25. Con-
sistency and ability to reconstruct details, which
are two main features of ADA standards, were not
evaluated in this study. Among three properties
that were evaluated, Iranian dental stone failed to
achieve two ADA standards.

Conclusion

1. Setting expansion of Iranian and German type
IV dental stones were within the standard range of
ADA.

2. Setting time and compressive strength of Iranian
and German type IV dental stones were not within
the standard range of ADA.

3. The differences between setting time and com-
pressive strength values with standard values were
higher for Iranian type IV dental stone when com-
pared to German type IV dental stone.
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