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The impact strength of heat-cured acrylic resin test specimens that had been reinforced in various ways
was compared in this study. Ten rectangular test specimens were fabricated for each test group. The
strengtheners included 1.0-mm-diameter steel wire and continuous E-glass fibers. Both notched and
unnotched test specimens were tested in a Charpy-type impact test. In a further analysis the concentration
of glass fibers in the test specimens was determined and plotted against the impact strength of the test
specimens. The results showed that, compared with the unreinforced specimens, both types of reinforcement
increased the impact strength of the test specimens considerably (p < 0.001). There was no clear difference
between the mean impact strength value of the test specimens reinforced with metal wire and that of the
specimens reinforced with glass fiber. The correlation coefficient between the fiber concentration of the test
specimens and their impact strength was 0.818 (p < 0.005). Specimens with fiber concentrations greater
than 25 wt% yielded to the higher impact strength more readily than those with metal wire reinforcement
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The traditional techniques used to reinforce polymethyl
methacrylate (PMMA) in dentures involve the use of
mctal wires, plates, or mesh as strengthener in the
denture base (1-10). According to many studies, metal
strengtheners increase the transverse strength of the
denture PMMA considerably, but there is a lack of
investigations concerning the fatigue or impact strength
of dentures reinforced with metal wire (11).

Another way to reinforce denture PMMA is to use a
PMMA fiber composite strengthener. Various types of
fibers have been investigated for this purpose; among
them glass, carbon/graphite, aramid, and polyethylene
fibers {12-28). The impact strength of denture PMMA
reinforced with aramid and polyethylene fiber has been
reported previously (22-24). However, the effect of glass
fiber reinforcement on impact strength has not been
investigated.

The aim of this study was to determine the impact
strength of unreinforced, metal-wire-reinforced, and
glass-fiber-reinforced test specimens of heat-cured
PMMA. The effect of the concentration of glass fiber
on impact strength was also investigated.

Materials and methods

Heat-cured PMMA (Pro Base Hot, Ivoclar, Schaan,
Liechtenstein) was used for fabricating the test speci-
mens (the shape is shown in Fig. 1). To process the test
specimens, a gypsum mold was used, and the acrylic
resin was cured by placing the mold in boiling water
for 40 min, as recommended by the manufacturer. The
ratio of PMMA powder to MMA liquid was 22.5¢g

powder to 10 ml monomer. After they were taken out
of the flask, the test specimens were ground to the
dimensions of 4.0 X 6.0 X 50.0 mm with sand paper
(grain size, 180).

The test specimens were either unreinforced (groups
Al and A2) or reinforced with 1.0-mm-diameter circular
steel wire (Remanium Feder Hart, Dentaurum, Pforz-
heim, Germany) (groups Bl and B2) or with continu-
ous E-glass fibers (Ahlstrom, Karhula, Finland) (groups
C1 and C2) (Table 1). The surface of the metal wire
was sandblasted with aluminum oxide that had a grain
size of 250 um, and the wires were-then wetted with the
monomer liquid for better penetration of PMMA into
the microirregularities of the metal surface, as shown
previously (8). The technique used to incorporate the
glass fibers into the acrylic resin has also been reported
in an earlier report (29). With this technique the sil-
anized (A174 silane compound, Union Carbide Chemi-
cals, Versoix, Switzerland) bundles of glass fiber were
dipped in a mixture of PMMA powder and MMA liquid
and then placed into the concavity that had been pressed
into the acrylic resin dough. Placement of the fibers was
followed by final pressing of the acrylic resin with a
pressure of 100 bars. In each test group, which con-
sisted of 10 specimens, there were both notched and un-
notched test specimens (semicircular notch, 1.3 mm in
diameter). The test specimens were stored in water at
+22°C for 1 week before they were tested.

The impact test was carried out on a Charpy-type
pendulum impact tester (WPM Leipzig, Leipzig, Ger-
many). By recording the reduced swing and hence the
reduced kinetic energy of the pendulum, this instrument
measures the energy required to fracture the specimens.



ACTA ODONTOL SCAND 53 (1995)

Impact strength of PMMA 393

GROUP A/B/C 1

Jes

GROUP A/B/C 2

2 1.3 mm

e

50.0

Fig. 1. Shape and dimensions (in mm) of the test specimens.

The tests were carried out with a pendulum rated at
0.5 J for unreinforced test specimens and a pendulum
rated at 4.0 J for reinforced test specimens.-

The distribution- of fibers in the PMMA matrix and
the impregnation of the fiber bundle with PMMA was
examined visually from the polished transverse sections
of the test specimens under a light microscope (mag-
nification, 30X). To find the unimpregnated areas,
polished transverse sections of the glass-fiber-reinforced
specimens were treated with a coloring agent, as
described in an earlier report (30). The coloring agent
was a blunt-pointed waterproof marking pen. The col-
ored transverse section was then ground with a rotating
grinding surface so that the color just disappeared from
the colored surface. The grinding surface was wet 500-
grade sandpaper.

The glass fiber concentration of test specimens in
group C1 was determined by ashing the PMMA matrix
at 750°C for 30 min. The fiber concentration was cal-
culated from the original weights of each test specimen
and from the weights of the glass fibers remaining after
the polymer matrix had been ashed.

For statistical analysis the means and standard de-
viations were calculated for the impact strength values
and were then compared by ANOVA. Regression analy-
sis was used to show the linear regression and cor-
relation between the glass fiber concentration and the
impact strength of the test specimens.

Results

The mean impact strength in the reinforced test groups

Table 1. Classification of the test specimens on the basis of type of
reinforcement and notching

Group Type of reinforcement Notching
Al Unreinforced No
A2 Unreinforced Yes
Bl 1.0-mm-diameter steel wire No
B2 1.0-mm-diameter steel wire Yes
Cl Continuous glass fibers No
Cc2 Continuous glass fibers Yes

was considerably higher than that in the unreinforced
test group (p < 0.001) (Table 2). A similar tendency
was noted when the notched test specimens were com-
pared. There was only a slight difference between the
impact strength of the test specimens reinforced with
metal wire and those reinforced with glass fiber (groups
Bl and B2 and groups Cl and C2, respectively).

Examination of the fiber distribution showed that in
some of the test specimens the fibers were positioned on
the surface of the specimens. Only small unimpregnated
areas were detected inside the fiber bundles (Fig. 2).
The mean fiber concentration in the test specimens of
group C1 was 23.8 wt% (SD, 5.8 wt%). The correlation
coefficient between the fiber concentration and the
impact strength of the test specimens was 0.818
(p <0.005) (Fig. 3). Metal wire reinforcement held the
fractured pieces of the test specimens together, whereas
unreinforced specimens and test specimens reinforced
with glass fiber broke into two pieces (Fig. 4).

Discussion

This study examines the problem of denture fracture
caused by an impact force. The impact forces can be
caused by an accident or during chewing (31). However,
normal impact tests are carried out with higher hitting
speed than found for chewing speed. Almost all impact
tests carried out on denture material have been with a
Charpy or Izod type of test with high hitting speed. The
Charpy type of impact test was chosen for this study,
to obtain impact strength values comparable to those
reported in previous studies.

Table 2. Impact strength (kJ/m? (+SD}) of unnotched and notched
test specimens. Means compared by ANOVA. Symbols for the groups
same as in Table 1

Group M % SD n df F P
Al 83x0.7 10
Bl 59.1 115 10
C1 53.1 £23.2 10 2/27 34.41 0.000
A2 33+25 10
B2 645% 119 10 .
Cc2 443+ 222 10 2/27 4547 0.000
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Fig. 2. Photomicrograph of the transverse section of a glass-fiber-reinforced test specimen. The grey areas
show the fibers; the arrowhead indicates the unimpregnated areas. (Original magnification, 30 X; bar =
1 mm.)

Even though Oku (31) has reported that there is no  days before being tested. On the other hand, there are
recognizable difference in the impact strength of PMMA  reports that the water absorption of PMMA decreases
specimens stored in water and those stored in air, the its transverse strength by plasticizing polymer structure
test specimens in this study were stored in water for 7 (32, 33). Obviously, the composite materials based on
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Fig. 3. Linear regression between concentration of glass fiber and impact strength of the test specimens. The arrow indicates the fiber
concentration that yields to the same impact strength as the metal wire reinforcement did.
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reinforced and unreinforced test specimens broke into
two pieces. To avoid impact failures in denture PMMA
when glass fiber reinforcement is used, the fiber con-
centration must be high enough. As the present study
suggests, concentrations of glass fiber greater than
25 wt% vyield better impact strength than steel wire
1.0 mm in diameter. However, the optimal fiber con-
centration is obviously higher, approximately 60 wt%,
as is also the case when the transverse strength of the
PMMA-—glass fiber composite is optimized. The useful-
ness of PMMA-glass fiber composite strengtheners in
such a high concentration should be investigated
further, in particular taking into consideration clinical
aspects.
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