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Acrylic resins have been the materials of choice for the fabrication

of denture bases for over forty years.1 Esthetics, simple processing
techniques and relative ease of repair have been largely responsible for
the routine use of these materials. However, the acrylic resins are not
totally devoid of undesirable characteristics. Susceptibility to frac-
ture from impact, masticatory tensile and shear forces, or cyclic fatigue
appears to be a limiting factor in the routine use of these materials.l’2
Several studies have demonstrated that the flexure of maxillary and man-
dibular complete denture prostheses may exceed 1.5 mm at the midline.s’4
At least one study5 estimated that complete dentures undergo flexure
about 500,000 times over the course of a year and another6 has suggested
that resistance to flexural fatigue may be the most significant mechanical
property for predicting the useful clinical life of denture base polymers.
Alternatives to poly(methylmethacrylate) resins such as epoxy, poly-

carbonate, and polyvinyl materials as well as reinforcement of the poly-
methyl methacrylate materials with wires, nylon mesh, fiberglass, silicon
carbide, aluminum oxide, sapphire fibers and carbon fibers have been em-

7-12 Results of in-

ployed to enhance the longevity of the denture base.
vestigations on the use of reinforcing agents have ranged from a decrease
in strength to a significant strength improvement. Carbon fiber rein-

forcement of poly(methylmethacrylate) specimens has been shown to provide
significant increase in the impact strength and transverse strength.10

However, data as to the fatigue resistance of carbon reinforced poly(methyl-

methacrylate) is not available.




The present study was undertaken to evaluate the tensile properties
and resistance to flexural fatigue of three commercially available den-
ture base resins when plain and silanized carbon fibers were employed
as reinforcing agents.

MATERIALS AND METHODS

Preparation of test specimens

The denture resins (Lucitone,* puraflow’ and Hi-I#) were obtained from
proprietary sources. Carbon fibers§ were obtained as long (90 mm) strands
and reduced manually into 3-4 mm segments. Some of the segments were
coated with a commercially available silane coupling agent** prior to in-
corporation into the resin.

Specimens for the determination of flexural fatigue were 10 mm X 65 mm
X 2.5 mm strips prepared as prescribed by American Dental Association
Specification No. 12 for the t;ansverse deflection test of denture base
resins.13 Specimens for the determination of tensile properties were 6 mm X

70 mm rods. The ends of the rods were flared to a diameter of 16 mm to

facilitate stabilization and alignment during tensile loading. The resins

* The L. D. Caulk Co., Division of Densply International, Milford, DE
19963.

+ Product Research Laboratories, Cambridge, MA 02139

# Fricke Dental Manufacturing Co., Villa Park, IL 60181.

§ Hercules Incorporated Salt Lake City, UT 84125.

** A-174 Silane, Union Carbide Corporation, New York, NY 10017.
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were mixed and packed in accordance with their respective manufacturers'
instructions. Carbon fibers (0.40 percent by weight) were dispersed in the
polymer prior to monomer addition for the preparation of reinforced test
specimens. The packed molds were processed at 74° C for nine hours and per-
mitted to cool to room temperature prior to divestment of the test pieces.

Five specimens were fabricated for each material under each condition
for flexure fatigue determination. A like number of specimens were con-
structed for the evaluation of tensile properties. All specimens were
stored in distilled water maintained at 37:2° C for two weeks prior to testing.

All tests were conducted at 23*2° C and 50%10 percent relative humidity.

Determination of properties

The specimens for the determination of fatigue resistance were placed in
a three-point loading device affixed to a dynamic testing machine®* (Fig. 1).
An initial loading of 0.4 Kg was applied to the center of each specimen. Then
the load was increased to 5.4 Kg and returned to the initial value at a rate
of 330 cycles per minute. The number of cycles completed to fracture was
recorded as an indicator of resistance to flexural fatigue.

Tensi}e properties were determined on a constant displacement rate testing
machine## at a crosshead speed of 0.02 inch per minute. Elongation was
measured over a one-inch gage length with a breakaway extensometer.§§ Self

aligning fixtures (Fig. 2) were employed to ensure proper placement of the

specimens with respect to the direction of the applied force.

++ Instron Model 1350, Instron Corporation, Caonton, MA 02021.
## Instron Universal Testing Machine Model TTCL, Instron Corporation,
Canton, MA 02021.

8§ Extensometer Model G 51-12, Instron Corporation, Canton, MA 02021.
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RESULTS
Data on the fatigue resistance of plain and reinforced denture base
polymers are summarized in Fig. 3. The highest and lowest values for
the number of cycles to failure for each resin under each condition
were discarded to reduce the variability in the data and the mean
values and standard deviations calculated. The range of the resis-
tance to flexural fatigue was delineat ed by observations on unreinforced
Duraflow (1,300 cycles) and Hi-I reinforced with silanized carbon fibers
(12,000 cycles). Addition of carbon fibers to the denture base resins
increased the number of cycles required to elicit specimen failure by
16 percent, 33 percent and 83 percent for Duraflow, Lucitone and Hi-I
respectively over that observed with the resins in the unreinforced
condition. Reinforcement cof Duraflow, Lucitone and Hi-I with silanized
carbon fibers vielded respective increases in fatigue resistance of
42 percent, 48 percent and 100 percent over the unreinforced materials.
Data on the apparent mechanical properties of the test resins are
summarized in the Table. The employment of the carbon fibers or silanized
carbon fibers neither increased nor decreased the apparent properties of
the denture base resins.
DISCUSSION
From the available data, it would appear that carbon fibers randomly
dispersed in a denture base polymer prior to processing significantly
increase the fatigue resistance of the resin without affecting its ap-
parent mechanical properties. Additiomal resistance of the resins to
fatigue failure is realized if the fibers are treated with a silane

coupling agent prior to incorporation into the denture base polymer.




i
It would appear that the use of the silane increases the surface activity
of the carbon fibers and facilitates stress transfer from the poly(methyl-
methacrylate) to the carbon fiber.
The lack of augmentation or deterioration of the apparent mechanical |

properties with carbon reinforcement as well as the wide variation in

the cyclic fatigue data may be due to random dispersion of the reinforcing

fibers 1in the polymerized resins or the polymer-fiber ratio. Other 2:

0,12 s gk .
1 have indicated a reduction of transverse strength values of »

studies1
denture base resins when untreated carbon fibers were used as the rein-
forcing agent. In this study, no attempt was made to vary the polymer-
fiber ratio or control the orientation of the fibers within the processed
polymers. Control of these factors may indicate the efficacy of the use
of silanized carbon fibers for further enhancement of the strength and
fatigue resistance of poly(methylmethacrylate) denture bhase resins.
Further studies designed to address the effects of fiber concentration
and orientation are indicated.

The obvious cosmetic effects of carbon fibers cn the completed denture
| suggest their confinement to the palgtal and lingual aspects of maxillary

.

' 2
and mandibular prostheses. A technique has been describedl“ for accom-

plishment of this goal and the use of carbon reinforcement may provide
a low cost alternative to cast metal based dentures to reduce the inci-
r dence of midline fatigue fracture. Furthermore, the increased resis-
tance to fatigue failure afforded by carbon fiber reinforcement of
denture base resins would be invaluable for cases requiring a soft

relining material with a concomitant reduction in the thickness of

the hard denture base.




SUMMARY

The effect of carbon fiber reinforcement on the mechanical properties
and flexural fatigue resistance of three proprietary denture resins was
evaluated. Incorporation of chopped carbon fibers resulted in increases
in fatigue resistance of 16 to 83 percent. Pretreatment of the fibers
with a silare coupling agent resulted in values for fatigue resistance
that were 42 to 100 percent higher than those observed for the unrein-

forced resins. Carbon fiber reinforcement did not significantly alter

the mechanical properties of the test materials.
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LEGENDS FOR FIGURES

Figure 1. Device for application of cyclic three point loading.
Figure 2. Self aligning fixture employed during the application of
tensile forces.
Figure 3. Results of cyclic fatigue tests.
A) Duraflow; B) Duraflow + carbon fibers; C) Duraflow +
silanized carbon fibers; D) Lucitone; E) Lucitone +
carbon fibers; F) Lucitone + silanized carbon fibers;

G) Hi-I; H) Hi-I + carbon fibers and I} Hi-I + silanized

carbon fibers.
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Table. The effect of carbon fiber reinforcements on the apparent mechanical properties of denture
, base resins

*
Ultimate * Yicld Strength * Modulus of N
Material Tensile Strength (0.2% Offset) Elastic Limit mymmWwoMm% Elongation
(psi) (psi) (psi) (X107 psi) (%)
Duraflow
Plain 8,200 (250) 5,400 (400) 3,400 (500) 4.06 (0.21) 3.3 (0.4)
Carbon
fibers 7,600 (300) 6,800 (400) 4,300 (800) 4.57 (0.38) 2.0 (0.2)
Silanized
carbon
fibers 7,600 (500) 6,000 (400) 3,400 (300) 4.63 (0.33) 1.8 (0.5)
Lucitone .
Plain 7,800 (900) 5,200 (900) 2,600 (800) 4.4 (1.3) 3.4 (0.3)
Carbon
fibers 7,800 (500) 6,100 (700) 3,700 (700) 4.4 (0.4) 2.4 (0.8)
Silanized .
carbon
fibers 8,100 (500) 6,400 (300) 3,600 (200) 4.6 (0.2) 2.6 (0.5)
Hi-I
Plain 7,500 (200) 4,900 (200) 2,900 (400) 4.1 (0.2) 3.3 (0.2)
Carbon
fibers 7,300 (200) 5,700 (400) 4,000 (500) 4.0 (0.4) 3.0 (0.6)
Silanized
carbon
fibers 7,900 (500) 6,300 (600) 4,200 (500) 3.9 (0.2 2.5 (0.7)

* Means with standard deviations in parenthesis.
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