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ABSTRACT

Aims: To determine the suitability of new modified Iraqi plaster and modified Plaster of Paris as a cast in
microwave curing of acrylic denture base material, and microwave and open air drying methods on the
surface roughness and dimensional accuracy of the cast. Materials and methods: Two types of gypsum
products were used in this study {(Iraqi plaster, Plaster of Paris) with the combined additives (Gum Arabic
0.5%, calcium oxide 0.75%, and ferric oxide 0.2%), and Type Il stone Plaster/Stone 3:1} that incorporated
within the two gypsum products. The effects of drying method and combined additives on the surface
roughness and dimensional accuracy of the experimental gypsum products, and acrylic denture base pro-
duced from the modified gypsum casts have been evaluated. Mean, standard deviation, variance (ANOVA),
and Duncan's multiple range tests were used to analyze the measurements. Results: ANOVA test showed
that there was a significant difference in the surface roughness and dimensional accuracy between Iraqi
plaster and plaster of Paris with or without additives dried in open air and microwave techniques. Conclu-
sion: There was slight dimensional change in the gypsum cast with additives of clinical importance to
compensate the polymer shrinkage of the acrylic denture base after cooling. There was no significant dif-
ference in the average roughness of acrylic resin cured by microwave oven as a curing method.
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INTRODUCTION tance, because approximately 1um accom-
The size of indentation of prosthesis modate cocci and approximately 5um to ac-
constructed against gypsum cast is of impor- commodate yeasts, while the maximum
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roughness that indicate peaks may play a
part in causing the mechanical trauma of
tissue under the prosthesis @. Accurate
working models for the fabrication of accu-
rate restoration are of great importance, be-
cause that even minimal dimensional change
of the master models in relation to the prepa-
ration angle may lead to the significant ver-
tical discrepancies®®. Error in the impression
may be a cause of the dentist himself, by the
impression materials, or by the impression
techniques®® . Once the gypsum material
has set, there is little or no dimensional
change®. Accuracy of the gypsum cast is
affected by the dimensional change asso-
ciated with impression material during set-
ting ©.

The surface of an acrylic denture
should be smooth, this has the effect of re-
moving surface cracks, which would other-
wise act as a stress- raisers, and yields a
smooth surface unsuitable for the retention
of bacteria and plaque . So, the aims of
this study were to determine the suitability
of new modified Iraqi plaster and modified
Plaster of Paris as a cast in microwave cur-
ing of acrylic denture base material, micro-
wave and open air drying methods on the
surface roughness and dimensional accuracy
of the cast.

MATERIALS AND METHODS

The Materials used in this study were {
Iragi Plaster(Al-Ahliya Co. for gypsum in-
dustries Ltd/ Baghdad), Plaster of Paris
(British gypsum Newark U.K 41593/106)},
with the combined additives (gum Arabic
0.5%, calcium oxide 0.75%, and ferric oxide
0.2%), and Type Ill stone Plaster/Stone
3:1}®

e Surface Roughness Measurement of
the Modified Gypsum Products Cast: The
gypsum products samples were prepared by
mixing the powder (with or without addi-
tives) with a distilled water, mechanically
spatulated under vacuum for 60 seconds, and
divided into two groups. First group was
without and with additives. The second
group was dried by two methods:

1. Open Air: The samples were prepared
and left for 24 hours from the starting point
of mixing, and then measured.

2. Microwave Drying: The samples were
prepared and left for 2 hours from the start-

ing of mixing, and then dried by microwave
according to the drying cycle (800 watts for
10 minutes) and then measured.

Surface roughness samples were pre-
pared with dimensions (4x4x0.5cm) @ fol-
lowed by two glass slabs put on the top and
bottom of the moulds to get a smooth sur-
face and a constant load about 500 gm was
placed on the upper slab. The samples were
left for setting for one hour at ambient tem-
perature 23 + 2°C and relative humidity of
50 + 10 % then kept under the same condi-
tion to be tested with Profilometer’®. The
number of samples prepared is forty.

eSurface Roughness Measurement of
Acrylic Resin Denture Base Produced from
a Modified Gypsum Products: Modeling
wax (Major Prodotti, Italy) of 2.5 mm.
thickness of the denture base (ADA specifi-
cation No.12, 1975) was used. The wax was
sealed to the gypsum sample, flasking was
done by ordinary procedure using a fiber
reinforced plastic flask® , and placed into
the microwave for wax elimination for one
minute at a medium power (450 watts).
Then the flask was opened and flushed both
parts thoroughly with a boiling water and
detergent. A fine brush (No. 0) was used to
spread the separating medium on the ex-
posed surfaces of a warm clean gypsum
moulds. The separator was permitted to dry.
Polymer and monomer of heat cured poly
methyl methacrylate proportioned were
mixed according to the manufacture’s in-
structions. The flask was packed with the
acrylic resin material, and placed in the mi-
crowave for curing for 30 minutes at low
setting (80 watts), 15 minutes preside fol-
lowed by 1.5 minutes at the medium setting
(450 watts)*?, and then the flask was left a
side for slow bench cooling before opening.
Surface roughness measurement of acrylic
resin was followed as for the gypsum prod-
uct sample using the Profilometer machine.
The number of samples prepared is forty.
eDimensional Accuracy Measurement of
Maxillary Gypsum Cast: A maxillary metal
arch form (model 41-51, Co-Lumbia Dento-
form Corp, Long Island City, N.Y.) was
used as the master model. Three stainless
steel rods were fixed on the cast to produce a
point reference mark. The machined refer-
ence marks were then attached to the master
arch form with cyanoacrylate (Zapit, Dental

Al — Rafidain Dent J
Vol. 10, No1, 2010



Practical application of modified gypsum products

Ventures of America, Inc. Calif) to provide
points for measurement of the reference

marks:1 in the middle at the area of the inci-

Dimension

sive papilla, 2, and 3 in the area of the right
and left second premolars respectively @
which was located as follows (Figure 1).

Dimension

Dimension C

Figure (1): Maxillary metal arch with references marks.

A relief template was made for the fabri-
cation of the auto polymerizing acrylic resin
perforated special tray by the adaptation of
one thickness of modeling wax to the master
model form with the reference marks by us-
ing the dental surveyor. A carbide bur shaft
with a special screw was placed in the ver-
tical arm of the dental surveyor, and at-

tached to the special tray for the vertical
alignment of the special tray. The horizontal
alignment of special tray during taking the
impression to prevent the horizontal move-
ment was done by using three nodes of
acrylic in the special tray locked in a three
slots on the master model (Figures 2) with
four stoppers (two in each sides).

Figure (2): Construction of special tray .

This alignment procedure was used to
maintain the desired impression thickness.
Type | high viscosity and light body poly-
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to make impressions (Figure 3).
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b

Figure ( 3): Impression technique and pouring procedure (Boxing technique).

Four types of the gypsum materials were
used, and according to the previously deter-
mined water/ powder ratio® , gypsum prod-
uct was mixed under a vacuum mixer for 60
seconds. The measurements for the first
group were done after 2 hours from starting
point of mixing in the open air, and the
second left to set 2 hours from start of mix-
ing then dried by microwave. All casts (40
samples) were measured by using a digital
caliber handled on the surveyor by using
special handle .

Each specimen was measured in an or-
dered sequence, namely dimension A, the
distance between reference marks 1 and 2;

dimension B, the distance between reference
marks 1 and 3; and dimension C, the dis-
tance between reference marks 2 and 3. The
measurements were repeated three times to
determine the mean for each dimension. The
number of samples prepared is forty.

RESULTS AND DISCUSSION
eSurface Roughness of the Gypsum
Products: The results obtained in table (1
and 2) showed that there is a significant dif-
ference (P>0.001) in the surface roughness
between the two types of the gypsum prod-
ucts without additives.

Table (1) Mean, and standard deviation of the surface roughness of gypsum products with
and without additives, and acrylic resin(air drying).

Types of gypsum products Surface Roughness Major acrylic N
(pm)  Mean +SD resin Mean + SD

Iraqgi plaster without additives 1.0940 + 0.06914 1.110 £ 0.1208 5

Plaster of Paris without additives 0.8060 + 0.07162 1.000 £ 0.2424 5

Iraqgi plaster +Additives 0.2980 + 0.07328 0.6180 £+ 0.1270 5

Plaster of Paris +Additives 0.7140 + 0.05595 0.9340 £ 0.3731 5

SD= standard deviation, N=number of sample.

Table (2 ): Analysis of variance (ANOVA) for levels of gypsum products with and without addi-
tives dried by open air on the surface roughness.

Test Sum of df Mean Square P-value
Squares
Surface roughness (um) without 0.912 3 0.304 0.001*
additives
Surface roughness (um) with addi- -10.089 8 0.04123 0.001*
tives

*Significant difference. P>0.001, df: degree of freedom

The Iraqi plaster has the highest degree
of surface roughness followed by Plaster of
Paris. This could be attributed to the differ-

ence in the rate of the water/ powder ratio

for each gypsum product. The gypsum prod-

uct which has the highest surface roughness
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has the highest water/powder ratio, while the
gypsum material which has the lowest sur-
face roughness has the lowest water/ powder
ratio. The water /powder ratio is critical,
where improper use of gypsum products
causing the excess water considered as free
water (residual un reacted water) in the set-
ting mass, and contributes to subsequent vo-
ids in the final set mass occurred between
clumps of gypsum crystals ®*'®. Or this
could be due to gypsum particle size, shape,

and compaction between them is the main
factors in determining the amount of the wa-
ter/ powder ratio. The lower surface area
permits the use of lower water/ powder ratio
to gain a workable mass resulting in less
porous and denser for the final set mass ",

After incorporation of the combined
additives for both the Iraqi plaster and Plas-
ter of Paris, there is a significant reduction in
the degree of the surface roughness, for the
Iraqi plaster (Table 3).

Table (3) Mean and standard deviation of the surface roughness of the two gypsum products
without additives ,microwave drying and acrylic resin.

Types of gypsum prod-

Surface Roughness (um)

Major acrylic resin (um) N

ucts Mean = SD Mean = SD
Iraqi plaster without ad- 1.1700 £ 0.0578 1.45+0.158 5
ditives
Plaster of Paris without 0.8520 + 0.07918 0.966 + 0.087 5
additives
Iraqi plaster with addi- 0.4080 + 0.0319 0.9860 + 0.750 5
tives
Plaster of Paris with ad- 0.8940 + 0.1006 1.1410+0.110 5
ditives

SD= standard deviation, N= number of sample

This can be explained due to reduction
in the water/ powder ratio (effects of addi-
tives) and to the effect of adding type Il
stone at a specific ratio, because of the dif-
ference in size, shape of the crystals, and the
interference. Dispersion of small crystals
among large crystals affect the quantity of
water necessary for mixing leading to an
increase in the density, less porosity, and
reduction of roughness of the set sample 2.
While, for Plaster of Paris the reduction in
surface roughness may be attributed to the
effect of additives. Those may fill the space
between gypsum crystals and consume the
excess water for slaking process of the cal-

cium oxide to be converted to calcium hy-
droxide, after exposure to the moisture, so
additives improve the density and reduce the
voids in the set sample. By the use of the
microwave oven as a drying method for both
of Iragi plaster and Plaster of Paris with or
without additives (Table 4) showed signific-
ance difference (P>0.001). This could be
explained by the rapid escape (expulsion) of
the steam water from the tested samples af-
ter exposure to radiations within the micro-
wave that might create a micro porosity on
the outer surface of the dried sample when
tested by photomicrography.

Table (4): Independent sample t-test for quality of mean for the two gypsum products without and
with additives, microwave drying on the surface roughness.

Surface Roughness t df SE P-value
Gypsum without additives 7.250 8 0.04386 0.001*
Gypsum with additives -10.292 8 0.04722 0.001*

* Significant difference . P>0.001 df= degree of freedom  SE= standard error

Practically, this was noticed when
the excess water covered the outer surface of
the microwaved wet gypsum sample, it
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it, so that it is not recommended to use the
microwave oven for drying extremely wet
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casts, otherwise cracks or holes would be
obtained?.

Surface Roughness of a Cured Acrylic Re-
sin: The results in table (1 and 3) showed
that there is no significant difference in the
average roughness of acrylic resin cured by
microwave oven as a curing method. How-
ever, there is slight increase in the average
roughness of each group of acrylic when
compared with the average roughness of the
gypsum sample used as a mould for curing
the acrylic resin against it. This may be due
to the effect of separating medium that may
change the surface texture of the gypsum
sample, which poured against smooth glass
slab despite of that the separating medium
applied in one direction on the warmed gyp-

sum surface with two layers. This is recom-
mended by Phillips @ , or the increasing in
the average roughness obtained due to the
micro porosity which persists as a
processing defect, the generation of porosity
is a complex phenomenon with multi fac-
torial origins, so the choice of a suitable mi-
crowave power and polymerization time ac-
curately is important in order to reduce po-
rosity to a minimum level %22,

eDimensional Accuracy of Maxillary
Gypsum Cast: The results obtained in tables
(5), and Figures (4&5), demonstrate differ-
ences in the relative change that are depen-
dent on the location of the measurement and
the type of gypsum materials.

Table (5): Independent sample t-test for quality of mean for the two gypsum products
Without and with additives for dimensions A, B, and C.

Product Dimension T Df SE P- value
gypsum A 0.065 3 0.021 0.929
without additives B 0502 3 0.167 0.002*
C 0432 3 0.144 0.030
gypsum with additives A -0.172 8 0.097529 0.868
B 5,701 8 0.037435 0.001*
C -0.088 8 0.11184 0.932

A: distance between reference marks 1 and 2. B: distance between reference marks 1 and 3. C:
distance between reference marks 2 and 3. * Significant difference, df= degree of freedom,
SE=standard error
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<
s
>
Q
@
s
p=l
o
Q
©
©
=
S
2]
o
[
E
(=)
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Figure (4): Means of the dimensional accuracy for gypsum products with and without additives
dried by open air.
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1.4~

B Without Additives

B With Additives

Dimensional accuracy (%)

Iraqi Plaster

Plaster of Paris

Figure (5) Means of the dimensional accuracy for gypsum products with and without additives
dried by microwave.

The magnitude of the differences in the rela-
tive change in dimensions A, B, and C has
no major problems when used clinically for
construction of complete denture. The slight
dimensional change in the gypsum cast is of
clinical importance to compensate the poly-
mer shrinkage of the acrylic denture base
after cooling. Further investigation is re-
quired to determine the source of dimen-
sional differences when using different kinds
of gypsum materials.

CONCLUSIONS

There was slight dimensional change in
the gypsum cast with additives of clinical
importance to compensate the polymer
shrinkage of the acrylic denture base after
cooling. There was no significant difference
in the average roughness of acrylic resin
cured by microwave oven as a curing me-
thod.
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