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Abstract
The purpose of this study was to evaluate a physical property (surface roughness) and a mechanical property (microhardness) of four type IV
gypsum. 40 specimens were prepared from a metal matrix that reproduced an edentate upper alveolar ridge. They were divided into 4 groups
(n = 10 Clone (G3), Durone(G4), SSWhite (G2), Asfer (G1) and submitted to roughness and microhardness tests . The obtained data were
submitted to statistical analysis. By the Kolmogorov-Smirnov test it was verified that there was non-parametric distribution of the samples.
The non-parametric Kruskal-Wallis and Mann-Whitney-U tests were applied in hardness and roughness data. In microhardness group 3(Clone)
presented the best values (103.0 HV). In surface roughness (Ra), group 3(Clone) and Group 2 (SSWhite) showed the lowest values (1.8 µm)
and all evaluated groups presented higher values than those found in metallic matrix (baseline). It was concluded that gypsum models obtained
from molds with irreversible hydrocolloid are rougher than molded surface, regardless of the commercial brand. The samples made with the
Clone gypsum (G3) have the highest microhardness.
Keywords: Calcium Sulfate. Hardness. Dental Materials.

Resumo
O objetivo desse trabalho foi avaliar uma propriedade física (rugosidade superficial) e uma propriedade mecânica (microdureza) de quatro
marcas comerciais de gesso tipo IV. Foram confeccionados 40 corpos de prova a partir de uma matriz metálica que reproduzia um rebordo
alveolar superior edentado. Os mesmos foram divididos em 4 grupos (n=10), de acordo com as marcas comerciais (Clone, Durone, SSWhite,
Asfer), e submetidos aos testes de rugosidade e microdureza superficial utilizando um rugosímetro e um microdurômetro respectivamente. Os
dados obtidos foram computados e submetidos à análise estatística. Pelo teste de Kolmogorov-Smirnov verificou-se que não houve distribuição
Normal das amostras. Dessa forma foram aplicados os testes não paramétricos de Kruskal-Wallis e Mann-Whitney-U em ambas as análises.
Na microdureza, a marca comercial Clone apresentou os melhores valores (103,0). Já na rugosidade superficial as marcas comerciais Clone
e SSWhite apresentaram os menores valores (1,8). Ainda em relação à rugosidade superficial, as marcas comerciais avaliadas apresentaram
valores maiores que os encontrados na matriz metálica. Concluiu-se que modelos em gesso obtidos a partir de moldes com hidrocolóide
irreversível apresentam-se mais rugosos que a superfície moldada, independente da marca comercial avaliada. Os modelos em gesso
confeccionados com a marca Clone apresentam melhor microdureza superficial.
Palavras-chave: Sulfato de Cálcio. Dureza. Materiais Dentários.

1 Introduction
In dentistry, clinical and laboratory procedures, such
as confection of orthodontic devices and dental prosthesis,
depend on the use of dental gypsum. Its use is very important
and assists both prosthetics and surgeons in several stages of a
treatment, from the diagnosis to a restoration or a prosthesis.
There are several types of gypsum products with different
properties and purposes. Type I Gypsum or Gypsum for
Molding was used in the final molding of total dentures.
Type II gypsum is mainly used in the filling of muffles. Stone
Gypsum or type III is used in the manufacture of models for
total dentures because of greater resistance when compared
to type I and II1. Type IV gypsum presents low-expansion,
high-strength and is mainly used to fabricate models for fixed
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partial prostheses. The type V is a high-expansion and highstrength gypsum also used for making models.2 All these
types of plaster have basically the same chemical composition
which is Calcium Sulfate Hemihydrate, differing only in the
size and shape of the particles according to the manufacturing
process.3-6
Some gypsum properties are essential for satisfactory
final work because they can directly interfere with their
performance.2,7 The ideal qualities for the plaster to be used as
dental models include high surface hardness, that is necessary
for the material to resist abrasions and scratches, good
reproducibility and low roughness to accurately reproduce
the structures copied in the molding, and high compressive
strength to avoid damage during the manipulation of the
model. Also, the dimensional changes must be minimal during
7
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the material setting process, so that they do not affect the fit
and the precision of the dental prosthesis.2,3,7,8
Since dental plasters as well as molding materials are
directly related to the accuracy of many procedures, some
researches has been carried out to evaluate the physical
and mechanical properties of these materials, including
microhardness and surface roughness.9-11 De Cesero et al.12
tested the surface roughness of three comercial type IV
gypsum varying the storage time of the specimens in order
to evaluate the surface quality of the plasters. They verified
that time and trademark had a significant influence on the
roughness. Paes-Junior et al.13 evaluated the influence of
the mold / model position during the pre-casting phase of a
type IV gypsum on the hardness and roughness. According
to this study, the positioning of the mold and the model did
not influence the surface roughness on the other hand it had a
significant influence on surface hardness.
Proença et al.14 evaluated whether the mixture of gypsum
powder with different types of water would influence on
physical and mechanical properties of gypsum. According
to the study the analysis of surface roughness did not show
significant difference between the different types of water.
Sudhakar et al.15 analyzed the effectiveness of different
methods used to increase the surface hardness of dental gypsum
using two comercial brands of gypsum type IV. It was verified
that there was a significant difference in superficial hardness
between the methods and comercial brands evaluated.
Type IV gypsum is widely used in dentistry mainly
in the manufacture of fixed protheses, because it has
mechanical properties, such as minimal setting expansion
and compressive strength, which stand out when compared to
other types of plaster.2,3,7 Considering the clinical importance
of dental plaster properties, the aim of this study was to verify
if different trademarks of gypsum type IV present different
roughness and surface hardness values. The null hypotesis
of this study is that different commercial brands of type IV
gypsum will not show any difference in the values of surface
roughness and surface hardness.

to the manufacturer’s indication. The tray was filled with
alginate and it was carefully positioned on the metal matrix
until the final setting time of the material.
Figure 1- Metallic matrix used to make test pieces

Source: The authors.

The type IV gypsum was weighed in a digital scale
(Actlife, Balmak, Santa Bárbara d’Oeste, SP, Brazil) and the
water dosed in a 20mL syringe. The proportion and handling
of the gypsums of each group followed the recommendations
of manufacturer. The water and powder mixture was made by
mechanical manipulation under vacuum (Polidental, Cotia,
SP, Brazil) for 40 seconds. The plaster was cast on the alginate
mold with a vibrator (VH Equipamentos Ltda, Araraquara,
SP, Brazil). The models were desincluded from the mold
after 40 minutes. The specimens were cut with the purpose
of obtaining a straight base for greater stability during the
tests of roughness and surface microhardness (Figure 2). They
were divided into 4 groups (n = 10) according to the brand of
gypsum used in their manufacture: G1- Dent-Mix 4 (Asfer
Industria Quimica Ltda, São Caetano do Sul, SP, Brazil),
G2- G4 (S.S White Dentures Ltda, Rio de Janeiro, RJ, BR),
G3- Clone (VIPI, Pirassununga, SP, Brazil) and G4- Durone
(Dentsply, Petrópolis, RJ, Brazil).
Figura 2 – Test especimens

2 Material and Methods
2.1 Preparation of test specimens
Forty specimens of type IV gypsum were made from a
metal matrix which reproduces a edentulous upper alveolar
ridge with three points on its surface: a point in the anterior
region, one in the right posterior region and one in the left
posterior region (Figure 1). Using this matrix, individual
trays were made in self-curing acrylic resin (JET Artigos
Odontológicos Clássico Ltda, São Paulo, São Paulo, Brazil),
which were used to make the molding of this same matrix. The
molding was done with Hydrogun 5 alginate (Zhermack SpA,
Badia Polesine-RO, IT), and manipulation was performed by
the same operator. The water/powder ratio 1: 1 was used and a
vigorous spatulation was carried out for 30 seconds according
J Health Sci 2021;23(1):07-11

Source: The authors.

2.2 Surface Roughness Test
For the surface roughness test the specimens were fixed
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to a base to avoid movement during the test. The reading was
performed by a rugosimeter (Mitutoyo Corporation SJ-400,
Kawasaki, Kanagawa, Japan) and three measurements were
made of each specimen equidistant 120o each (Figure 3). A total
of 9 measurements were performed on each test specimen,
and the results obtained were submitted to statistical analysis.
Also the roughness test of the metal matrix was performed, in
order to obtain values for baseline. The closer values found in
metal matrix, the higher the copy fidelity.
Figure 3 - Surface Roughness Test

verify which groups presented these differences.
3 Results and Discussion
In statistical analysis (Table 1) it can be verified that
there is a difference between surface roughness of the tested
groups with the G3 group (Clone) and G2 group ( SSWhite)
presenting the lowest values. These groups did not show
significant differences between them. On the other hand, the
G4 (Durone) showed statistical difference of the other groups
presenting the highest values of
 surface roughness. All the
evaluated groups showed higher values of roughness to the
value found in the metallic matrix (1,45).
Table 1- Average surface roughness values
Trade Mark
N
Média*
Durone
90
2,3c
Clone
90
1,8ab
SSWhite
90
1,8a
Asfer
90
1,9b
Metallic Matrix
01
1,45d
Source: Research data.

Source: The authors.

2.3 Vickers Hardness Test

Desvio Padrão
,40
,32
,40
,39
0

The statistical analysis of
 microhardness (Table 2) also
showed statistical difference between the tested groups. Group
3(Clone) was different from the other groups presenting
the highest microhardness value (103.0 HV). However,
G4 (Durone) and G2 (SSWhite) did not present statistical
differences.

The Vickers hardness test was performed by a
Microdurometer (Mitutoyo Corporation HM-102, Kawasaki,
Table 2 - Average of Vickers Microhardness Test.
Kanagawa, Japan) with a loading of 1N for 15 seconds.16,17 In
Trade Mark
N
Média (VHN)* Desvio Padrão
each specimen were made three edentations with a diamond
Durone
30
62,7b
18,9
tip with pyramid shape and square base. After edentation the
Clone
30
103,0a
31,0
two diagonals were measured in order to obtain the area of
SSWhite
30
59.4b
22,1
Asfer
30
<17,0**
0
edentation (Figure 4).
Figure 4 - Vickers Hardness Test

Source: The authors.

2.4 Statistical analysis
The results were submitted to the Kolmogorov-Smirnov
test whereby it was found that there was non-parametric
distribution. Data from both tests were submitted to KruskalWallis test, which showed a significant difference in both
groups. The post-hoc test Mann-Whitney-U was applied to
J Health Sci 2021;23(1):07-11

Source: Research data.

The null hypothesis of this study that different brands of
type IV gypsum will not present different values of surface
roughness and microhardness was rejected. Some previous
studies have already demonstrated that different commercial
brands of dental plaster show vaiations in some properties
such as roughness and compression resistence.12,18
In the analysis of the surface roughness G3 (Clone) and G2
(SSWhite) had the lowest values (1.8µm), and also showed the
closest value of the roughness of the metal matrix (1.45µm).
The highest values 
were obtained from the G4 (Durone)
(2.3µm). Roughness values were

higher in this study due to
the roughness of the metal matrix used (baseline). De Cesero
et al.9 evaluated the surface roughness of different types of
gypsum type IV in different storage times and found better
performance on Durone brand in 1 hour (0.3µm) compared to
the Tuff Rock in 1 day (0.48µm). Paes-Junior et al.13 verified
the surface roughness of Durone by varying the mold / model
position and obtained values between

0.743 and 0.677µm for
surface roughness, different from those found in this study.
This is due to the fact that the matrix used had a smoother
9
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surface and consequently its roughness value was lower than
the metal matrix used in this study. Dias et al.19 evaluated the
surface roughness of different types of gypsum and found no
statistically difference between type IV and type V gypsum
tested.
Farina et al.18 also evaluated the fidelity of dental gypsum
using the surface roughness test. Among the gypsum evaluated,
Durone type IV (5.57µm) and Exadur type V (5.62µm)
presented lower copy fidelity when comparing roughness
values with the metallic matrix (6,12µm). In the present
study, Durone type IV also presented the roughness values
more distant from the baseline, but with surface roughness
values higher than the matrix.
Some studies have been developed in order to improve
the properties of dental gypsum such as surface roughness, by
adding some substances to the plaster. Cesero et al.20 analyzed
the surface roughness of two trademarks of type IV gypsum,
including the Durone brand. The analyzes were carried out in
models made only by gypsum and models that in addition to
gypsum received nanoparticles of silica. The authors stated
that the surface roughness was statistically lower when these
particles were added to the plaster. According to the authors,
this improvement in surface roughness is due to the fact that
these silica nanoparticles are deposited between the gypsum
particles in the spaces left by water absorption.
On microhardness analysis Clone (103,0VHN) presented
the highest value in comparison to Durone (62,7VHN) and
SSWhite (59,4VHN). Farina et al.18 evaluated the Rockwell
hardness of dental gypsum and found that Fujirock (56,82HR)
presented the best results compared to Durone (53,46HR).
Duke et al.21 compared the Knoop hardness of three new resinmodified gypsum materials and two conventional type IV
gypsums (Silky-Rock, Die-Stone). The Die-Stone presented
the best values of superficial hardness compared to the other
gypsums tested.
In order to verify if there is an improvement in the dental
plaster properties, some studies have been done adding some
fillers to his material. In a study developed by Hamdy7 15 wt.%
aluminum oxide fillers was added to the dental plaster used
to make the specimens, and some properties were evaluated,
including microhardness. The reinforced specimens showed
higher microhardness values (114.3VHN) when compared
to conventional plaster groups (63.5VHN). According to
the author this can be attributed to the stregthening effect of
aluminum oxide ceramic fillers, in addition to the decrease in
plaster products that can lead to a drecrease in porosity.
Another factor to be considered is the material used to
make the impression of the area of interest. Although widely
used in dental offices, the alginate is a material with limited
dimensional stability due to the processes of syneresis and
imbibition suffered by it.22,23 In addition, trapping air or porosity
within the impression material can influence the accuracy of
the impression itself and the resulting model.22 However, some
studies have shown that Hydrogum 5 (Zhermack SpA, Badia
J Health Sci 2021;23(1):07-11

Polesine-RO, IT), alginate used for molding in this study,
is a material that shows good dimensional stability, being a
material capable of preserving more water.23,24
4 Conclusion
Models in gypsum obtained from molds with irreversible
hydrocolloid appear rougher than the molded surface
regardless of commercial Type IV gypsum evaluated. The
plaster models made with Clone gypsum presented the best
values of surface hardness.
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