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Abstract

Acrylic resin is almost universally for partial or complete denture base construction due to its favorable properties.
Unfortunately some disadvantages such as water sorption have been reported which causes dimensional changes that
may subject the acrylic denture base to internal stresses, so the water sorption is a physical property of importance.
Forty square shaped specimens (twenty specimens for heat and cold cured acrylic material) were prepared. Ten
specimens from heat cured acrylic (Hp) and cold cured acrylic (Cp) material were polished, and ten specimens from
heat cured acrylic (Hy) and cold cured acrylic (C,) were not polished as control group. At room temperature, all
specimens were weighed; this weight value was considered the initial weight of the specimen (Wy). All specimens
were kept in distilled water bath for 24 hours, and then specimens were weighed(W)then the specimens were kept
out of water bath for 24 hours to dry to (W), and all samples return back to water bath for 24 hours to weigh again
(W>). This manner was repeated till (W,).There is a significant difference (p=0.018) between (Cp) and (Cy) and a
significant difference (p=0.047) between (Hp) and (H,) and no significant difference between cold and heat cured
acrylic before (p=0.699) and after polishing (p=0.52) at (p <0.05).

Key words: heat cured acrylic, cold cured acrylic, water sorption, polishing.

dadal)

e asell Gmry Gt 5 oS5 sl dallad G @lldy QeI el k) Gliad sacld bl Wle aaiiual LY gl ey
Lpald Gl 1Y AN bl ) LAY e desiadl Gl saclE a8 ) slaf) 8l a5 olaall (aliaiaY
Ge Osdies Bl alial LSV FELl (e die gsiie) e JSE Gle Ao el el gl Galdll (e i ela) el
ol lglia i bl 513 LY bl e e Bydie s Bhally salisall €Y Ebll (e e e (Lalall 5 b)Y ml)
Gl JS 2885 Ge ganaS (A (S Jiai o] aliill 3 SLlSY) 3l e e syde s 3hall aliall dllySY) bl (e Silie Bl . (
Sha Ay delus 24 5aal plaiall cld) (g ples 3 il IS Jada 50 (L 03sll) (V) Qpsl) 58 1aa ey A8)al 5)0a Aays B i)y
aleall il sale] 5 Wany (s cysll) Crany s el 24 5add Coatl Cuiiys oLl plea (o il camyal 5 (103l)) sts Lgdys o5 4851
Jstad) alal) 15 GLlySY) muhll o ssine s il el L(40sl) s Adeadl s3a salel & (oepsl) shs delu 24 sy Sl)
LY Zhl on gsine R s ¢ ol Jsiadl s Jsaall Bhall aliall LSV mT on (gsine s dsadl s
cJial) dlee 30 Vs JE Y 9hall aliiall @by SY) bl 5 alall 03

Jiall e bl aliaial , alall 313 SllSY) el s)lall jeliall el <Y1 ubll :Lalida) clall)

481



Al-Muthaffer A. M.

Introduction

olymethyl methacrylate resin is almost
Puniversally for partial or complete

denture base construction due to its
favorable properties of matching the
appearance of the natural oral soft tissues,
ability to reline, rebase and repair and simple
processing technique and dimensional
stability [1]. Polymethyl methacrylate resin
denture base has dominated the market for
more than 70 years in substitution of
vulcanite [2].

Conversely some disadvantages such
as water absorption have been reported
which causes dimensional changes, which
may subject the acrylic denture base to
internal stresses that may result in surface
crazing and, eventually, fractures of the
denture [3,4],also the water sorption may
sustain the growth of bacteria or fungi [5].
Water sorption is a physical and chemical
process by which incorporation and
adherence and adherence of water molecules
into another of a different state (acrylic resin
material) [6]. According to ISO standards
(International ~ Standards  Organization)
1567:1999 for heat and self-cured acrylic
resin materials; the water sorption should not
exceed 32 pug/mm’[2]. In this study the water
sorption was calculated according to this
specification.

During polishing method it is very important
to removefine scratches; to make the acrylic
denture more smoothly and glossy without
making a difference in the original shape [7].
There are many advantages of polishing like
aiding in esthetic, hygienic role, and
comfortable to patient, and because of the
major role of water uptake and sorption in
the mechanical performance of an acrylic
material that affect the clinical outcome,
many studies on the water sorption of acrylic
resin denture base materials have been
concluded that sorbed water may cause the
deterioration of the mechanical properties
[4,8,9,10], because of water molecules
incorporate into and expand the polymethyl
methacrylate macromolecules and forcing
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them apart [11], so the water molecules
incorporation in the denture base should be
as low as possible [12].

This study was done to evaluate the effect of
conventional  polishing  procedure in
decreasing water sorption and consequently
the undesirable effects on the heat and cold
cured acrylics. The hypothesis was that
water sorption of the cold and heat cured
acrylic resins, is affected by the polishing
procedure.

Materials and Methods

40 specimens were prepared (20 specimens
for each heat and cold cured acrylic resin
denture base material). 10 specimens from
heat cured acrylic (Hp) and cold cured
acrylic (Cp) material were polished by
conventional manner, and ten specimens
from heat cured acrylic (Hy) and cold cured
acrylic (Cy) were not polished as control
group.

A plastic pattern square shaped, with
dimensions (4x30x30 mm) were used to
prepare the mold which was used to prepare
the specimen.

The plastic patterns were inserted in the
lower half of flask, care was taken that only
one half of the pattern thickness was
embedded in the stone, where the plastic
patterns were placed, there should be a
sufficient distance between them and also
from the walls of the flask. After setting of
the stone the patterns and the stone were
painted with separating medium and the
upper part of the flask was then reassembled
and complete flasking by pouring another
mixture of stone. After complete setting of
the second mix of stone, the flask was
opened and the plastic patterns were
removed carefully, and the stone molds were
ready for packing.

A Vertex” cross-linked commercially acrylic
material was used, with polymer/monomer
in ratio of 2.3g/lml according to
manufacturer's instructions, was mixed
thoroughly. Once the mixture reached the
dough stage, it was kneaded thoroughly to
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make homogeneous dough. The dough was
then packed into the mold with slow
pressure, final closure was done under a
hydraulic press at (100 KPs/cm?) to ensure
even flow of the material within the mold.
After the final closure, the flask was left in
the clamp for half hour at room temperature
to allow proper penetration of the monomer
into the polymer beads, and escape of excess
acrylic [13].

The cold cured specimens allow to self-cure
while the heat cured specimens was
processed, by short curing cycle, according
to ADA specification No.12: 1999 for curing
acrylic denture base material; by placing the
clamped flask in74°C water bath for 1.5 hour
followed by 100°C water bath for half hour.
The flask was left on bench to cool slowly
before deflasking, and then the specimens
were removed from the mold. Any
specimens had faults or defects should be
discarded.

All specimens were finished, any excess
acrylic was removed from the processed
denture by the use of stone wheel burs. Care
was taken not to heat the denture during
grinding, because this may cause distortion
of the specimens.

Only 20 specimens (ten heat and ten cold
cured specimens) were polished as usual
manner that used for polishing of acrylic
removable prosthesis by using progressively
smoother aluminum oxide papers (Atlas,
Turkey) a rag wheel with pumice (Qingzhao,
China) is used for polishing the specimens.
Then a final high polish is given to the
denture with a rag wheel and Rouge
polishing material (Ningbo, China).

At room temperature, all specimens were
weighed on digital scale (Model DM.3,
China); this weight value was considered the
preliminary weight (Wo) of the specimen.
The specimens were weighed after
maintained in distilled water bath at room
temperature for 24 hours; this wasconsidered
(W)1). After that the specimens were dried by
removing from the water bath, wiped and
kept out of water for 24 hours, until the
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initial weight was achieved. Again all
specimens return back to water bath for 24
hours and weighed (W;). This manner was
repeated till (Wy).
The values for water sorption (Wy,)for each
of the specimens, was calculated using the
following equation; which is recommended
by International Standards Organization
which depends on increasing in mass per
unit volume [ 14].

W _ W(from 1to 4-)_W0

sp volume
Statistical Package for Social Sciences

computer program (SPSS) was used to
analyze the data of this study. The mean
values of the Wy, properties evaluated using
t-test (2-tailed) to detect the differences of
the mean values of the materials.

pg/mm’

Results

Descriptive statistics (table 1 and 2 and 5)
reveal a clear difference between the mean
of the (H,) and (Hy), while analytics
statistics that representative by t-test (2-
tailed) between different experimental
groups (table 6) indicates a significant
difference (p=0.047) between polished and
unpolished heat cured acrylic at (p <0.05).

There are clear difference between the

mean of the (C,) and (Cy) (table 3 and 4 and
5), while t-test (2-tailed) between different
experimental groups (table 6) indicates a
significant difference (p=0.018) between
polished and unpolished cold cured acrylic at
(p <0.05).

In (table 1 and 2 and 5) there were very
small difference between the mean of the
(Cy) and (Hy), and the t-test (2-tailed)
indicates no significant difference (p=0.699)
between unpolished cold and heat cured
acrylic at (p <0.05); (table 7).

The results(in table 2 and 4 and 5) indicate
small difference between the mean of the
(Cp) and (H,); and the t-test (2-tailed)
indicates no significant difference between
polished cold and heat cured acrylic at (p
<0.05); (table 7).
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Table 1 : Descriptive statistics of unpolished heat cured acrylic (Hy); four readings and the mean of Wy,
Unpolished heat cured acrylic (Hy)
Wspl Wspz Wsp3 Wsp4 Mean Of

W
9 14 16 13 13
8 8 6 7.25
13 15 7 11.25
9 11 11 10.5

8 8 16 9 10.25
11 14 16 13 13.5

8 16 8 10
1 8 8 6 8
12 11 9 10 10.5
9 13 15 7 11

Table 2 : Descriptive statistics of polished heat cured acrylic (H,); four readings and the mean of Wy,

Polished heat cured acrylic (H,)
Wt | Wepz | Weps | Wepa | Mean of
Wy
6 7 9 11 8.25
9 7 9 10 8.75
9 10 9 7 8.75
7 10 8 10 8.75
8 10 8 9 8.75
6 7 9 11 8.25
11 9 10 9.75
8 10 7 8.75
10 7 9 9
8 13 9 9

Table 3 : Descriptive statistics of unpolished cold cured acrylic (C); four readings and the mean of Wy,.

Unpolished cold cured acrylic (Cy)
Wt | Wz | Weps | Weps | Mean of
Wsp
7 8 13 7 8.75
14 12 10 7 10.75
11 13 13 9 11.5
7 12 11 13 10.75
13 11 11 9 11
13 12 13 13 12.75
14 11 15 9 12.25
13 11 11 8 10.75
7 9 8 10 8.5
12 11 11 14 12
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Table 4 : Descriptive statistics of polished heat cured acrylic (Cy); four readings and the mean of Wy,

Polished cold cured acrylic (C,)
Wt | Wz | Weps | Weps | Mean of
Wsp
7 12 7 6 8
10 11 11 10 10.5
10 10 8 9 9.25
7 11 10 10 9.5
7 13 10 11 10.25
7 8 10 9 8.5
10 9 11 11 10.25
8 9 7 8 8
7 10 10 10 9.25
7 9 8 8 8

Table 5 : Descriptive statistics of all experimental groups

unpolished | polished | unpolished | polished
cold cured cold heat cured heat
cured cured
8.75 8 13 8.25
10.75 10.5 7.25 8.75
11.5 9.25 11.25 8.75
10.75 9.5 10.5 8.75
11 10.25 10.25 8.75
12.75 8.5 13.5 8.25
12.25 10.25 10 9.75
10.75 8 8 8.75
8.5 9.25 10.5 9
12 8 11 9
Mean 10.9 9.15 10.525 8.8
Calculated
t 2.667 2.181
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Table 6 : Descriptive statistics (mean and standard deviation); and analytics statistics(t-test) between
unpolished and polished cold cured acrylic; unpolished and polished heat cured acrylic

MIJB-2016

Mean +SD P(2-

tailed)
Unpolished cold cured 10.9+1.38
acrylic 0.018
Polished cold cured acrylic | 9.15+0.98
Unpolished heat cured 10.52+1.92
acrylic 0.047
Polished heat cured acrylic | 8.8+0.42

Table 7 : Descriptive statistics (mean and standard deviation); and analytics statistics (t-test) between
unpolished cold and heat cured acrylic; polished cold and heat cured acrylic

Mean +SD P(2-
tailed)
Unpolished cold cured 10.9+1.38
acrylic
Unpolished heat cured 10.52+1.92 0.699
acrylic
Polished cold cured acrylic | 9.15+0.98 0.52
Polished heat cured acrylic | 8.8+0.42 )
Discussion acrylic increase the polarity of acrylic

On the basis of these data, the hypothesis
set as the premise of this study should be
accepted. The polishing procedure decreases
the water sorption of the cold and heat cured
acrylic resins this occur because benefit of
polishing  process  which  increased
toughness, and decrease the permeability of
the surface layer of the acrylic, this is due to
local heating generates during polishing
process. The local rise in temperature often
exceed the glass transition temperature (7g)
of the acrylic, producing some smearing of
the resin surface which act like varnish that
decreases the polarity of acrylic by
minimizing the concentration of polar sites
available to form hydrogen bonds with water
molecules [2,15,16]. Arima et al concluded
the chemical structure of the acrylic versus
that of the water molecule significantly
affected the water sorption of acrylic. The
unsaturated bonds of the acrylic molecules
or unbalanced intermolecular forces in the
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molecules which increase the uptake of
water molecules [17].

The surface area of rough acrylic specimen
is more than that of polished one, that lead to
increase the interface area between the water
molecules and the acrylic, so the acrylic is
exposed to more water molecules in rough
specimen than polished specimen, that lead
to more water adsorption[6]

Polishing procedures may influence surface
smoothness, and rough surfaces
mechanically retain moisture more than
smooth surface [18,19].

The difference between the initial contact
angle and the later angle formed between
water drops and acrylic which is used to
analyze the relation of acrylic to water [20]
is called hysteresis of contact angle. The
contact angle hysteresis on the rough surface
is lowered than on polished surface. The
lower angles, the more hydrophilic surface
[21] that mean the water entrance in rough
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acrylic increases its hydrophilic
characteristic [22,23].

Usually the water uptake of cold cured
acrylic is more than that of heat cured
acrylic, which is due to its residual monomer
and porosity that could affect water sorption
[24], the high amount of porosity will
facilitate fluid transport in and out of the
network, leading to enhanced water uptake
and elution [15]. During the preparation of
cold cured specimen, the dough was then
packed into the mold with slow pressure
under a hydraulic press at (100 KPs/cm?) to
preclude other factors that affect the water
sorption like porosity and let only the
surface polishing as a main factor to be
calculated during this study, so the result
appears no significant difference between
polished and unpolished heat and cold cured
acrylic due to this pressure applied on cold
cured acrylic specimen that increase the
density and decrease the porosity.

Miettinen and Vallittu [14] reported that
degree of chain branching and presence of
cross-linking agent has influence on resin
water sorption degree; the cold cured resin
was used in this study is cross-linked type;
the more cross-linked acrylic, the less
amount of water sorption [11], because the
cross-linked acrylic have formatting more
tight, complex and interlaced chains, so less
volume of interstitial matrix, less volume for
water molecule penetration[25]. It does not
give the opportunity for water molecules to
enter in quantity and velocity as great as
uncross-linked one.

The present study has several limitations;the
specimen surfaces were flat, whereas,
clinically, the denture base has an irregular
shape with convex and concave surfaces,
and the conditions of water bath did not
reflect the clinical situations exactly.
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