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This study tested the effect on the fracture resistance of acrylic resin test specimens when ditrerent amounts of fibers were incorporated
in the resin matrix. The
fibers used included glass, carbon, and aramid fibers, with 30 test specimens of
each concentration
of fibers. Transverse
sections of the specimens were studied by
scanning electron microscope to establish how the fibers behave in the polymerization process. The results indicated that an increase in the amount of fibers enhanced the fracture resistance of the test specimens @ < 0.001). The SEM micrographs of transverse
sections of test polymerized
specimens revealed void spaces
of different sizes inside the fiber roving. (J FROSTHETDENT 1994;71:607-12.)
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tierent types of fibers have been added to polymer materials to improve their mechanical properties. Orthopedic acrylic resin-based bone cements have successfully been reinforced with glass, carbon, and aramid fibers.’
There are also a number of studies on the use of fibers in
dentistry, most of them undertaken during the past decade.
In periodontics, glass fibers have been tested as additives
to BIS-GMA resin for temporary splints to immobilize
teeth.2, 3 In orthodontics, the use of aramid fibers has been
found useful in reinforcing orthodontic appliances.*
In prosthodontics, fibers have been used to improve the
fracture resistance or moduli of elasticity of polymer materials. Glass fibers have been studied as a strengthening
material added to polymethyl methacrylate, and carbon
fibers have been used to reinforce prosthodontic restorations.5-8 The use of carbon fibers in fixed prosthodontics
has been studied by Larson et aLg and by Bj6rk et al.‘O Incorporation of carbon fibers to increase the fracture resistance of acrylic resin dentures has been in use for some
time.11-16 Aramid

1. Shape and dimensions (in millimeters) of heatcured PMMA test specimens.

Fig.

fibers have also been found to enhance
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the fracture resistance of an acrylic resin denture base material.17 In recent years there has been considerable

inter-

est in polyethylene fibers even though this type of fiber is
not commonly used in dentistry.1s-21
In some studies the glass fibers have been used in either
woven or loose form.6 However, fibers placed normal to the
loading force provide the most effective reinforcement
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Fig. 2. Schematic representation of specimen’s loading.
Dimensions in millimeters.

acrylic resin.22 The fibers can most easily be placed longitudinally inside the specimen by use of fiber rovings instead
of woven fibers. The fiber rovings consist of 1000 to 200,000
single fibers which form a loose bundle.
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Fig. 3. Linear regression (N 300, total) between amount of fiber in polymer matrix and
fracture load of test specimens. GF, glass fiber (Y = 9.23 + [0.19X] and coefficient of determinant 52%), CF, carbon fiber (Y = 8.83 + [0.29X] and coefficient of determinant
33%), AF, aramid fiber (Y = 9.11 + [0.62X] and coefficient of determinant 34%).

Table

Classification of groups according to type of fiber and mean amount of fibers incorporated

I.

Amount of flber
Group

A
Cl31
Cl32
Cl33

A
C231
C232
C233

A
c331
C332
c333
N

Type of fiber

Mean (mg)

SD

Wt%

No fibers
Glassfiber roving
Glassfiber roving
Glassfiber roving
No fibers
Carbon fiber roving
Carbon fiber roving
Carbon fiber roving
No fibers
Aramid fiber roving
Aramid fiber roving
Aramid fiber roving

0.00
50.60
104.47
174.31
0.00
16.28
36.37
73.21
0.00
15.40
27.85
44.11

0.00
1.15
5.51
3.88
0.00
0.97
2.31
2.45
0.00
1.13
0.52
2.93

0.00
6.34
13.10
21.90
0.00
2.04
4.56
9.17
0.00
1.93
3.49
5.53

30 per group.

If fibers are used to strengthen a polymer material, optimal adhesion between the fibers and the polymer matrix
is essential. To improve adhesion, the surface of the fibers
can be silane-treated.23 Apart from the adhesion of the fibers, the quantity of fibers and their behavior in a polymer
matrix also have an effect on the mechanical properties of
the fiber-polymer composite construction, which, however
has not yet been fully clarified.
This study determined the effect on fracture resistance
of acrylic-fiber composite test specimens with different
quantities of continuous fibers in a heat-cured polymethyl
methacrylate matrix.
fiO8

MATERIAL

AND METHODS

The acrylic resin used as the polymer matrix was heatcured polymethyl methacrylate (PMMA) (Paladon 65,
Kulzer GmbH, Wehrheim, Germany) commonly used as a
denture base material. It was allowed to undergo shorttime polymerization in a water bath according to the manufacturer’s instructions. The mold was placed in boiling
water and remained at 60’ C for 45 minutes. The test specimens (3 X 4.5 X 50 mm) (Fig. 1) were prepared in an aluminum mold, which was also used in a previous study,24 and
the fibers were added to the center of the specimens after
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test pressing of the resin. All of the fibers studied were used
in roving (continuous) form. The glass fibers used were
E-glass (Ahlstrom, Karhula, Finland) and the aramid fibers, Kevlar 49 (DuPont, Bay-Down, U.K.). The carbon fibers used were produced by Coar Toulds (Coventry, U.K.).
The classification of the groups studied are shown in
Table I. Each group consisted of 30 test specimens. All of
the fibers were placed longitudinal to the specimen and
perpendicular to the loading force. Concentration of fibers
in the test specimens was calculated according to the
weight of PMMA matrix (798 mg) and the weight of fibers
incorporated (Table I). The size of the test specimens was
measured by micrometer (NSK Max-cal, Japan Micrometer Co., Osaka, Japan). Differences in dimensions of the test
specimens used were eliminated by grinding the specimens
to the predetermined dimensions. The control group (group
A) had no fiber reinforcement.
The surface of the fibers was silane-coated by silane
compound Al74 (Union Carbide Chemicals, Versoix, Switzerland) by dipping the fiber roving in a silane solution.
The fibers were allowed to dry in the air for 20 minutes before they were dipped in a methacrylate monomer and incorporated into the acrylic resin. The dipping was used for
better penetration of acrylic resin into the fiber roving. The
test specimens were stored in water at room temperature
for 2 weeks before testing.
The measurements of fracture loads were carried out
with a Schleuniger 2E testing machine (Schleuniger, Solothurn, Switzerland) (Fig. 2) at a crosshead speed of 120
mm/minute. Span of this three-point deflection test was 35
mm. Because the size of the test specimens and the method
of the measurement was constant, it was possible to use the
values of the fracture load in kiloponds to indicate unit
fracture load.
The surfaces of the transverse sections of test specimens
were studied by a scanning electron microscope @EM)
(Jeol JSM-35, Tokyo, Japan) at 15 kV and micrographs
were taken to make a visual analysis of how the fibers behave during the polymerization process. The transverse
sections of the test specimens were made with an Isomet
low-speed saw (Buehler Ltd., Lake Bluff, Ill.) after the
fracture resistance measurement.
To establish the amount of the methyl methacrylate liquid absorbed by the fiber roving, six rovings of equal weight
(70 mg) of each type were weighed by an accurate weighing
machine (Sartorius 2400 MP, Oriola Oy, Espoo, Finland).
The fiber rovings were dipped in monomer after silane
treatment, and the weight of the liquid adsorbed was measured in milligrams.
The mean values and standard. deviations of the amount
of incorporated fibers, fracture loads, and weights of the
absorbed monomer were calculated. Means of the weight of
adsorbed monomer I.iquid were tested with ANOVA statistical analysis. Regression analysis was used to determine
the linear regression between fracture load (dependent
variable) and the quantity of fibers (independent variable)
within the same type of fibers. Two-way analysis of
JUNE
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Table II. Interaction of type of fiber and amount of
fiber (predictable variables) on the fracture load
(outcome variable)
Variable

SS

df

MS

F

P

Type of fiber
Amount of fiber

57.5
604.5
31.4
1438.4

2
3
6
587

28.8
201.5
5.2
2.5

11.7
82.2
2.1

<O.OOl
<O.OOl
0.047

Interaction
Within cell

Tested with two-way analysis of variance

Table III. Mean values and standard deviations of
fracture loads (in kiloponds)
Group

Mean

SD

A
Cl31
Cl32
Cl33
A
C231
C232
C233
A
c331
C332
c333

a.5
11.2
12.1
12.8
a.5
10.1
10.0
11.5
8.5
11.0
11.6
12.0

1.9
1.5
1.2
1.5
1.9
1.5
1.6
1.6
1.9
1.1
1.7
1.9

N 30 per group.

variance was used to determine the interaction of type and
amount of fiber on the fracture load.

RESULTS
The results revealed that all types of fibers enhanced the
fracture load values of test specimens when the quantity of
fibers was increased @ < 0.001) (Table II and Fig. 3). The
interaction of the type of fiber and the amount of fiber on
the fracture load was also statistically significant (p =
0.047). Mean values and standard deviations of fracture
loads are presented in Table III.
SEM micrographs of the transverse sections of the test
specimens showed void spaces (dark areas) inside the test
specimens. The areas were primarily found in the test
specimens reinforced with glass or carbon fibers (Fig. 4),
but they were also present in the test specimens reinforced
with aramid fibers.
The amount of methyl methacrylate monomer absorbed
by the different types of fiber rovings ranged from 10.5 mm
(aramid fiber roving) to 16.4 mm (glass fiber roving) (Table IV). The standard deviations of the values were high
and no statistical difference was found (p > 0.05).

DISCUSSION
It was found that an increase in the amount of the fibers
in the acrylic resin polymer matrix enhanced the fracture

THE JOURNAL

OF PROSTHETIC

DENTISTRY

VALLITTU,

LASSILA,

AND LAPPALAINEN

Fig. 4. SEM micrographs of transverse sections of test specimens. (Original magnification x40.) A, Test specimens reinforced with glass fibers. B, Test specimens reinforced with
carbon fibers. C, Test specimens reinforced with aramid fibers. Dark areas inside fiber
roving are void spaces. Bar is 1.0 mm.

Table

IV. Mean values and standard deviations of weight (in milligrams) of adsorbed methyl methacrylate monomer in

fiber roving
MeWI
Type of roving

(me)

SD

df

F

P

Glass fiber
Carbon fiber
Aramid fiber

16.40

12.64

7.30
4.72
3.90

2115

1.69

0.217

10.50

N.S.

NS, not significant @ > 0.05).
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loads of the test specimens. The regression lines (Fig. 3)
were calculated by weight concentration of fibers. The carbon and aramid fibers are somewhat lighter than glass fibers. Thus the amount of fibers by volume on the fracture
load values would give different regression lines. The
increase in fracture loads of test specimens reinforced with
aramid fibers were not as great as in the studies of
Mullarky? That study also established the increase of
Young’s modulus with aramid fibers incorporated in the
acrylic resin. Increase of Young’s modulus with carbon or
glass fibers inco.rporated was noted in the investigations by
Larson et al9 and by Inamura et al8 According to those
studies the increase was clearly seen.
The preparation of the test specimens reinforced with
carbon or aramid fibers proved difficult, because during
pressing of the acrylic resin, some fibers spread out laterally in the mold. This difficulty was also noted by Yazdanie
and Mahood.i3 The problem entailed a slight decrease in
the quantity of fibers that act as a reinforcement of the test
specimens.
The SEM micrographs revealed void spaces inside the
fiber rovings after polymerization (Fig. 4). The void spaces
were most clearly demonstrated when the fibers used were
glass or carbon. The first hypothesis to explain this was that
some of the fibers slide out from the specimen during the
loading process and the deficient fibers cause the heterogeneity. This hypothesis had to be abandoned because similar heterogeneous areas were found inside the specimens
that were never loaded.
Another possible factor accounting for void spacesinside
the specimens is the polymerization shrinkage of methyl
methacrylate res,in. The monomer in which the fiber rovings were dipped before incorporation into the acrylic resin
has a volumetric shrinkage of 21% . The acrylic resip that
surrounds the fiber shrinks only 8% .25If the polymerization shrinkage causes the formation of void spaces, the
amount of monomer should vary significantly between
various types of fibers. To clarify this, the amount of
adsorbed monomer liquid was weighed. The results revealed only small difference between means, and statistical difference was not found. A larger sample than n = 6
might affect the results more positively. However, according to the present experiment, there is little if any evidence
that the amount of monomer liquid varies in various types
of fiber rovings or that the size of the void spaces vary respectively. Whether polymerization shrinkage is the reason
for the presence of the heterogeneity or whether this is not
implicated at all should be investigated, because void
spacessuch as the ones found in our experiment might have
an effect on the mechanical properties of the fiber-acrylic
composite material in that they tend to break up the
homogenous fiber-matrix system.
TO determine whether the fibers incorporated into
PMMA also have relevance clinically, other testing methods, such as impact testing and fatigue testing, should be
done.
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IMPLICATIONS

Acrylic resin denture base materials can be strengthened
by incorporation of different fibers. Glass, carbon, and aramid fibers had a significant strengthening effect when the
amount of fibers is high enough and the technique is properly applied.
The incorporation of fibers into acrylic resin is difficult
because of the lateral spreading of the fibers during pressing. The problem is especially marked when great amounts
of carbon or aramid fibers are used. For fiber reinforcement
of resins to be clinically practical, a procedure to eliminate
this problem must be developed.
Eliminating the formation of void spaces with the fibers
used as strengtheners of acrylic resin material will require
further research.
CONCLUSIONS
1. The fibers incorporated in the acrylic resin material
enhanced the fracture resistance of PMMA test specimens.
With a higher concentration of fibers, the enhancement of
fracture resistance was more obvious.
2. The use of fibers as a strengthener caused formation
of void spaces inside the fiber-matrix system. The factors
accounting for the void spaces were not known.
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