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Summary

Objectives. The objective of this study is to evaluate the water sorption and solubility of denture
teeth acrylic resin reinforced with milled glass fiber
Methods. Test specimens were fabricated from silanized and unsilanized milled glass fiber rein-
forcement in four different concentrations (5, 10, 15 and 20% by weight) of denture teeth acrylic
resin. Control specimens were unfilled acrylic resin. Water sorption and solubility were tested in
accordance with International Standards Organization specification No. 1567 with the exception
of the dimensions of the test specimens. 
Kruskal Wallis test was used in the comparison of groups, post Hoc Dunn's multiple comparison
test was utilized in the comparison of subgroups, and Chi square test was performed during the
evaluation qualitative data. 
Results. Denture teeth acrylic resin was reinforced with unsilanized and silanized milled glass fiber
at four percentages (5, 10, 15, 20%) by weight as the test groups. Unreinforced acrylic resin was
used as control group. The specimens were abraded on the two-body abrasion-testing device,
which conforms to DIN 53516 standard.  
Water sorption values were observed to differ significantly for the silanized and unsilanized milled
glass fiber mixture varieties in all groups (5,10,15,20 %) (p < 0.05). 
Water solubility values disclosed no significant difference among the groups (control, silanized,
unsilanized) containing 10% and 20% of milled glass fiber (p > 0.05). In contrast, a significant dif-
ference was observed among the groups (control, silanized, unsilanized) containing 5% and 15%
milled glass fiber (p < 0.05).
The 5-20% water sorption measurements of the specimens containing unsilanized milled glass
fiber revealed a significant difference (p = 0.003). 
Other measurements revealed no significant difference (p > 0.05).
Conclusions. Water sorption values increased with increased amount of milled glass fiber, but
water solubility values were not affected. Silanization procedure decreased the water sorption and
solubility of denture teeth acrylic resin.

Key words:  denture teeth, acrylic resin, glass fiber, sorption, solubility.

Introduction

The solubility of materials in the mouth and
the sorption of oral fluids by the material are
important criteria in their selection [1]. The
water sorption should be kept low for com-
posites because excessive water sorption has
a detrimental effect on the color stability and
the wear resistance. Water sorption is

believed to be a contributory factor to the
eventual discoloration of the restorations
and the hydrolytic degradation of teeth
resin-filler interface. Thus it is desirable for
both the water sorption and solubility frac-
tion of polymers to be as smaller as possible
[2].

Addition of filler to polymethyl-
methacrylate (PMMA) matrix may enhance
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the mechanical properties of the polymer-
ized resin but there is a great concern about
the stability of PMMA in aqueous environ-
ments [3].  This is mainly because the filler-
matrix interface provides paths of facilitated
diffusion similar to grain boundary diffusion
[3,4]. Water sorption in composite materials
is a diffusion-controlled process and occurs
mainly in the resin matrix [5,6].

Glass fibers were shown to be most
suitable for dental applications because of
good cosmetic qualities and good bonding
of glass fibers to the polymer matrix via
silane coupling agents [7,8]. It has been
reported that glass reinforcement signifi-
cantly affects the water sorption and solubil-
ity of denture base resin [9,10]. Water can
destroy the fiber-polymer matrix bond and
plasticization of the polymer matrix by
water molecules and these leads to strength
reduction of glass fiber reinforced compos-
ites [11]. An aqueous environment such as
the oral cavity can induce corrosion effects
in the surface of glass fibers because of the
water that diffuses through the polymer
matrix [12]. This can lead to a reduction of
the mechanical properties and changes in
the composite structure [13].

The study in this paper is part of a con-
tinuing study of the reinforcement of a den-
ture teeth acrylic resin with milled glass
fiber (mgf). The aim of this study was to
determine the water sorption and solubility
of denture teeth acrylic resin reinforced with
mgf at different weight concentrations.

Materials and Methods

Specimen preparation:

The specimen dimensions were 16 mm
in diameter and 7 mm in thickness. Denture
teeth acrylic resin (Rutinium Dental
Manufacturing spa Ravigo, Italy) poly-
mer/monomer ratio was 20g/10 ml by
weight (wt) for all the specimens (unmodi-
fied or modified with fiber). The milled E

glass fiber (1.2 µm in diameter, 0.8mm in

length and 2.7g/cm3 in density) was sup-
plied from Cam Elyaf A. Þ, Çayýrova,
Turkey. The percentages of milled glass
fiber used were 5, 10, 15 and 20% by wt. 

The silane coupling agent, A-174, 3-
methacryloxypropyl trimethoxy silane (3-
MPS) was supplied from Union Carbide,
UK.

The denture teeth acrylic resin was
polymerized at 175 C under pressure of 160
Barr for 3 minutes (Elimko 2200
Hidrocontrol Machine, Ankara, Turkey) and
then cooled with water under a pressure of
160 Barr for 3 minutes. After demolding, the
specimens were removed and finished to
remove excess material by honing with fine
emery paper. All specimens were prepared
with the same procedure in the same mold
and carried out at room temperature (23
1C).

The nine groups of specimens (totally
90 specimens) were divided as follows: 10
specimens of unfilled acrylic resin used as a
control group (C) and the others test groups
– Acrylic resin modified with 5, 10, 15, 20%
by wt unsilanized mgf added to polymer  (n
= 10, totally 40 specimens) and Acrylic resin
modified with 5, 10, 15, 20% by wt
silanized mgf added to polymer   (n = 10,
totally 40 specimens).

Water sorption and solubility testing:

Water sorption and solubility were tested
according to ISO specification 1567 [14],
with the exception of the dimensions of the
test specimens. Control and test specimens
were measured with fine digital micrometer
(Mitutoya Digimatic Caliper
500154/CD15C, England) and their vol-
umes (V) (including fibers) were deter-
mined for calculation of water sorption and
solubility values. After the specimens were
dried for 23 hours at 37°C in desiccators, the
specimens were weighed (m1). All speci-
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mens were stored in distilled water in a ther-
mostatically controlled water bath
(Elektromag-M96K Water Bath, Turkey) at
37°C for a week, then weighed (m2). Then

the specimens were again dried for 23 hours
at 37°C in desiccators, after that being
weighed (m3). All specimens were weighed

until the mass was constant to an accuracy
of 0.0002 mg with an analytic balance
(Metler H20, nearest 0.001 mg
Switzerland). After completing the storage
periods, the water sorption (Wsp) and solu-

bility (WsI) values (mg/mm³) were meas-

ured and calculated as described below:

Wsp: (m2-m1)/V

Wsl: (m1-m3)/V

Statistical analysis:

Statistical calculations were performed with
GraphPad Prisma V.3 program for
Windows. Besides standard descriptive sta-
tistical calculations (mean and standard
deviation), Kruskal Wallis test was used in
the comparison of groups, post Hoc Dunn’s
multiple comparison test was utilized in the
comparison of subgroups, and Chi square
test was performed during the evaluation
qualitative data. Statistical significance level
was established at p < 0.05. 

Results

Water sorption values were observed to dif-
fer significantly for the silanized and unsi-
lanized milled glass fiber mixture varieties
in the 5, 10, 15, 20% groups (Table 1, 2). 

The weight changes recorded in the
5-20% of unsilanized milled glass mixtures
displayed a statistically significant differ-
ence in water sorption. Both 15% and 20%
unsilanized mgf containing groups dis-
played increased water sorption compared
to the 5% unsilanized mgf group, p value

being respectively: (p < 0.05) and (p < 0.01)
(Table 3). Other measurements revealed no
significant difference (p > 0.05). 

In water solubility values, a signifi-
cant difference was observed between the
silanized and the unsilanized groups con-
taining 5% of mgf (p = 0.013). 

Table 1. Means, standard deviations and statistical comparisons for water sorption and solubility 
values (mg/mm³) of all groups



In the 15% mgf group, water solubility dif-
ference between groups was significant (p =
0.003) (Table 1, 2). 

No significant difference of water
solubility was observed between the 5-20%
measurements of the specimens containing
silanized and unsilanized mgf (p > 0.05).

Discussion

It has been reported that glass reinforcement
significantly affects the water sorption and
solubility of denture base resin [9].
Ladizesky et al [10] studied the water sorp-
tion of denture base acrylic resin reinforced
with woven polyethylen fiber, adding up to
4-6% of the volume. The high fiber content
reduced the water sorption by 25%. A study
of the water sorption of continuous unidi-
rectional glass fiber-reinforced (11% by wt)
specimens demonstrated a decrease in water
sorption values [9]. Çal et al [15] reported
that the water sorption of denture base poly-
mers is lower when the specimens are rein-
forced with glass fibers in continuous and

woven form. The present study, in accord
with the referred papers, revealed that den-
ture teeth acrylic resin with milled glass
fiber incorporation held lower water sorp-
tion values than did acrylic resin without
glass. Water sorption occurs mainly as a
direct absorption by the resin. The glass
filler will not absorb into bulk of the materi-
al but can adsorb water onto its surface.
Thus, the amount of water sorption is
dependent on the resin content of the com-
posite and the quality of the bond between
the resin and the filler [2]. 

Well impregnated composites have
theoretically lower water sorption than
poorly impregnated composites in which the
fibers are not completely embedded with the
resin, which resulted in void in the structure
of the polymerized composite that could
increase water sorption [9,16-19]. The glass
fillers reduced the quantity of water
absorbable material and the glass filler did-
n’t absorb water and thus the water sorption
of glass fiber composite should be less com-
pared to that of the matrix polymer [9].
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 (Water sorption)  (Water solubility)  

Dunn's Multiple  
Comparison Te st  %5 

 
%10 

 
%15 

 
%20 % 5 

 
%15 

control /  
unsilanized mgf  

P < 0.05 P > 0.05  P > 0.05  P > 0.05  P > 0.05 P < 0.05

control /  
silanized mgf  

P < 0.001 P < 0.001 P < 0.001  P <0.001 P > 0.05 P > 0.05 

unsilanized /  
 silanized mgf  

P > 0.05 P > 0.05  P > 0.05  P > 0.05 P < 0.05 P < 0.05

 mgf: milled glass fibe

Table 2. The comparisons of subgroups

Water sorption  
Dunn's Multiple Comparison Test  

Unsilanized  

  %5 / %10  P > 0.05  

  %5 / %15  P < 0.01  

  %5 / %20 P < 0.05  

  %10 / %15  P > 0.05  

  %10 / %20  P > 0.05  

  %15 / %20  P > 0.05  

Table 3. Comparisons of concentrations



Chow et al [20] reported in the paper
are part of a continuing study of the rein-
forcement of acrylic denture base resins
with highly drawn linear polyethylene
fibers. Water sorption is significantly
reduced by incorporation of these fibers,
even though the water diffusion processes as
such remain broadly unaffected. A relative
high water sorption value for a composite
may indicate a number of possibilities. The
resin may contain air voids, introduced dur-
ing mixing or placement, and another possi-
bility is that hydrolytic breakdown of the
bond between the filler and the resin has
occurred, allowing adsorption onto the sur-
face of the filler particles [2].  Glass fibers
may cause irregular voids in the composite
structure and voids absorb water by means
of capillary forces and thus may be respon-
sible for variations in water sorption with
increasing percentages [2].

Glass fiber reinforcement affected the
solubility values of the PMMA specimens
[9].  Fiber inclusion and post curing of poly-
mer matrix reduced water sorption and solu-
bility [18].  Results of this study show that
the addition of unsilanized or silanized glass

fiber to the denture teeth acrylic resin either
does not affect or decrease water solubility.

The solubility behavior of composite
resin materials will be affected by the type
of filler used, the treatment of the filler (i.e.
silane treatment) [21,22] as well as air voids
within the composite resin material, often
leading to a decrease of mass of the materi-
al [23]. This study revealed a decrease in
water sorption values and generally unaf-
fected solubility with silanization. 

Conclusions

The strengthening of denture teeth PMMA
with milled glass fiber resulted in a compos-
ite structure with reduced water sorption and
generally unaltered solubility.
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