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Carbon fiber reinforced polymer (CFRP) have been gaining prominence in replacing metallic
alloys for infrastructure in prostheses, with the possibility of edentulous patients to acquire fixed
prostheses. For this, procedures are required to connect these implants to the implant-supported fixed
prosthesis, such as holes and notches that can reduce their mechanical properties. In addition, the
infrastructure requires longer cantilevers, causing greater stress on the prosthetic system. Then, the
objective is to analyze the stress concentration in the CFRP subjected to bending loads with holes
(4 and 6 mm diameter to verify the influence of the diameter-to-width ratio) in four-point-bending test.
Two composite laminates were evaluated: one with thermoplastic matrix of poly(phenylene sulphide)
PPS; and another with epoxy matrix combined with carbon fibers fabric. The presence of holes in
the studied dimensions did not present significant differences in the flexural modulus and maximum
bending strength. Therefore, the use of CFRP showed some advantage regarding the reduced effect
of stress concentration compared to metallic alloys.
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1. Introduction

Lightweight materials with high mechanical properties
such as carbon fiber reinforced polymer have been the subject
of research in several fields such as transportation, energy,
sporting goods, and medical'*. The latter, in the context of
prosthesis material, cares of patient welfare that includes
the durability under cyclic loading, biocompatibility, and
lightweight for mobility>¢. For dentistry applications specific
for implant-supported prostheses, several locations at the
infrastructure are under critical stress, specially that ones
with geometries that induce stress concentration such as
screwed joints’. Carbon fiber reinforced polymer (CFRP)
has been clinically tested and its biocompatibility properties
are recognized compared with titanium alloys?®, providing
osseointegration in the case of thermoset/carbon fiber
composites’, also with the advantage of having similar density
to human bone'’. In vitro and in vivo tests have already been
performed to attest the feasibility of using PPS-based materials,
as they induce cell proliferation, osteogenic differentiation
and do not cause irritation or necrosis of cells in rat skin''"'2.

Dental prosthesis often needs high strength infrastructure
in order to preventing complications such as fractures.
In addition, this type of application, it requires that the
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material operates within the limits of elasticity or below,
withstanding several types of forces: tensile, compressive,
bending, twisting or shearing stresses. It also needs to
account for geometric changes that input stress concentration
regions, where damages are likely to begin. The bending
tests encompass two of the aforementioned forces: tensile
and compressive, which allow to determine the flexural
strength and modulus using different set-ups according to
the material behavior'®. These are more common forces that
appear in human occlusal movements, that induce bending
stress in which its magnitude depends on the position of the
tooth due to the bending moment: in elderly patients has the
capacity to transmit forces to teeth of the order of 408 N in
men; 243 N in women'*; and reaching 859 N in patients of
age 20 to 38 years'>.

The mechanical stresses generated by the masticatory
cycles in implant-support of fixed full arch prostheses should
not be of great magnitude since this is transferred to the
implants and adjacent bone tissues, causing peri-implant
bone loss. Therefore, a favorable geometric distribution of
implants is extremely important, providing a good occlusal
balance, and that the modulus of elasticity is high for the
materials used in the prosthetic framework of prosthetic
infrastructure, thus ensuring the distribution of masticatory
loads more effectively throughout bone tissues'®.
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Currently, metal alloys are considered the gold standard
to guarantee the necessary strength and stiffness of the
infrastructure in dental prostheses!’. Materials such as Au
alloys, CoCr, NiCr, Ti and ceramics, such as Zirconia, are
used in these infrastructures, due to their high modulus of
elasticity (Table 1). However, the development of fiber
reinforced polymer with mechanical properties similar to
metallic alloys has been proposed as another option in oral
rehabilitation®?".

Brianemark’s original proposal for the rehabilitation of
fully edentulous jaws consisted of the installation of 5 to
6 implants in the mandible region and 6 to § in the maxilla®,
but often for the insertion of this quantity of implants it needs
a procedure for bone reconstruction. These end up taking
the treatment of two steps surgical procedures, causing an
increase in working time, costs and especially the morbidity
of such procedures®?'. As an alternative to regenerative
procedure treatments such as short implants®>¥, zygomatic
fixations*, and inclined implants®”* have been proposed.
Among the techniques for using inclined implants, the “All
on Four®” technique has been widely used***, but it can
generate long cantilevers, thus impairing the prosthesis
biomechanics®. To overcome those issues, composites have
been proposed that use fibers either in the form of fabric or
unidirectional laminae. Also, the fibers can be provided as
impregnated with resin, thus forming the pre-impregnated
fibers (prepregs). In the form of fabrics, they can be in the
form of plain weave, satin weave and twill weave*.

The use of woven fabrics has increased in the industry
with structural applications due to better resistance to
interlaminar fracture, when compared to unidirectional
fibers, easy handling, and ability to make parts with complex
geometries*’*8. Some variables can affect the performance
of the mechanical properties of composites such as fiber
length®, fiber volume fraction®’, fiber shape alignment®!,
orientation, and fiber layup®***. Composite material has
the advantage of presenting alternatives for manufacturing
processes, such as manual molding, filament winding,
pultrusion, hot compression molding, autoclave, and resin
injection (RTM- resin transfer molding)*. They have a high
“specific stiffness” (ratio between stiffness and specific
mass). For example, composite materials may provide the
same stiffness as a steel, but with a reduced specific mass.
Thus the “specific resistance” (ratio between resistance
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and specific mass) of a composite material is quite high.
This property can be about 3 to 5 times higher than steel or
aluminum alloys*®.

A challenge of composite laminates is the integration
of the parts when they need to be joined to other metallic
or composite structures. One way of joining is by riveting
and screwing joints to fix the composite structure to other
components. This needs holes for joining parts that generates
stress concentrators, from which the cracks start®’.

This research aims to evaluate and compare the stress
concentration generated by holes in two composite systems:
a thermoplastic composite with poly(phenylene sulphide)
(PPS) matrix with woven carbon fiber; and a thermoset epoxy
matrix and woven carbon fiber. A notch represented by a
central hole with two different diameters was considered
for the evaluation. The four-point-bending apparatus was
adopted due to the constant maximum moment produced
around the holes, thus representing the worst case scenario
in a cantilever of the prosthesis infrastructure.

2. Materials and Process

Two composite laminates were manufactured for the
investigation, a composite reinforced by carbon fibers with a
thermoplastic PPS matrix and another composite reinforced
by carbon fibers with a thermoset epoxy matrix.

2.1. Thermoset composite processing

For the thermoset material, the RTM system (Resin
Transfer Molding) was chosen, which consists of a steel
mold to which resin is applied under high pressure and
temperature is controlled through an RTM equipment, model
Radius 2100cc RTM injector. The thermoset matrix used
was CYCOM 890® resin supplied by CYTEC, which met
the necessary requirements to employ in the RTM process,
as it has a low viscosity (100 mPa.s) at a temperature of
80 °C that keeps for 2 hours, leading to a high degree of
impregnation of the resin into the fibers.

The fiber used was IM7 produced by HEXCEL, which was
woven in a SHS fabric format with an areal weight of 280 g/
m?, supplied by SIGMATEX (Cheshire, United Kingdom).
The 10 layers of SHS fabrics were laid up in the 3 mm mold
thickness, in order to reach an adequate fiber volume fraction
of 52.43%, calculated according to Equation 1.

Table 1 - Mechanical properties of various materials applied in Dentistry.

Materials Ne[:l);isliilzist;f Density Flexural strength  Specific strength ~ Specific modulus References
(GPa) (g/em?®) (MPa) (MPa/g/cm?) (GPa/g/cm?)

Titanium 110* 4.50 * 1302 ** 289.33 24.44 I8, k19
CoCr alloy 220 * 8.00 * 1896 * 237.00 27.50 K18, k19
Acrylic Resin 2.70 * 1.20 * 78 ** 65.00 2.25 H18, K20
Zirconia 200 * 5.68 * 628.3 ** 110.6 35.21 18, 421
Ti-6Al-4V 116 * 4.42 ** 1103 * 522.85 26.24 19, k22
PEEK (Trinia®) 11.60 * 1.32 ** 254 * 192.42 8.79 23, K18
Cortical bone 13.7* 2.1 ** 6.52 H18, k24
Spongy bone 1.37 * 1.1 ** 1.25 IS, 24

Legend: The asterisk in the quotes refers to the information on the line in which it is inserted.
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The reinforcement was displaced inside the mold, and
the applied injection pressure varied from 1.5 to 9.0 bar until
the total impregnation of the resin to the fiber. The heating
rate varied from 2 to 4 °C/min, so that it presented a more
effective heat transfer to the composite up to 180 °C for
2 hours.

2.2. Thermoplastic material processing

To produce composite with PPS matrix, the hot compression
molding process was carried out by stacking carbon fibers
and thermoplastic matrix thin films. HexForce® carbon
fibers supplied by HEXCEL Composites of SHS type with
375 g/m? areal weight were used, and the PPS Torelina®
thermoplastic matrix was supplied by the Toray in the form of
films with a thickness of 0.15 mm and density of 1.35 g/cm?.

The fiber volume fraction was also calculated using
Equation 1 and the number of layers of polymeric PPS films
with Equation 2. Where in Equation 1 V. is the volumetric
fraction of fibers (%); gsm is the areal weight (g/m?); np is
the number of layers of fiber fabrics; P, is the fiber density
(g/cm®); ¢ is the thickness of the mold (mm).

In Equation 2 N/.is the number of resin sheets; ¥ is the
volume of the mold; V is the volume of resin. Thus, it was
determined that the fiber volume fraction was 52.23% and for
that purpose the number of 10 fabric layers was necessary.
And the number of resin sheets was 15 to fill the remaining
47.77% of the mold volume.

y, =8sm.np

e ()
Ny =22 @)

After stacking the layers, the mold was closed and taken
to the controlled heating column press, Hidraumak system.
The laminate was processed using a controlled press up to
59 bar (22 ton) and controlled temperature up to 300 °C.
A cooling rate of 0.30 ° C/min was followed to extract the
laminate from the mold.

2.3. Specimen preparation and flexural test

The specimens were sectioned with the final dimensions of
(120x13x4) mm? for carbon/PPS composites and (120x13x3)
mm? for carbon/epoxy composites. The parameters for testing
followed ASTM D7264/7264M-15 with a span-to-depth ratio
of 33 for carbon/epoxy and 25 for carbon/PPS.

For carbon/PPS, 18 specimens were tested, in which 7 were
tested without hole, 6 with a 4 mm diameter hole, and 5 with
6 mm diameter holes. Sixteen specimens were produced for
carbon epoxy composites: 5 without hole, 6 with a 4 mm
diameter hole and 5 with a 6 mm diameter hole. The number
of specimen is in accordance with international standards that
state a minimum of five specimens for exploratory study*®.

Four-point-bending test apparatus was considered for
the analysis of stress concentration due to the maximum
constant moment applied at the hole, as shown in Figure 1.

The notch as a circular hole was prepared with a drilling
machine with cutting speed of 3000 rpm, a feed rate of
approximately 0.05 mm/rev, and followed the width-to-

diameter ratio presented in Table 2. The parameters were
based on the results presented in the open literature that
reported good drilling conditions to avoid delamination
process® that was certified using an optical microscope to
ensure good surface finish at the edges. A coated carbide
drill with standard twist geometry was employed due to a
higher resistance to abrasion against carbon fiber®.

The bending tests were performed in a universal testing
machine Shimadzu, Autograph AG-X series (Kyoto, Japan).
Aloading cell of 50 kN was used with a displacement rate of
1.0 mm/min. The tests were performed in 4 point-bending-
testing with a distance between the supports of 100 mm and
a distance of the loading points equal to 50 mm.

2.4. Analysis

The analyzes were conducted by evaluating the stress-
strain curves whose values were determined considering
Equation 3 and (4), derived from classical beam theory
and geometry relation, respectively. In Equation 3, P is the
applied load, L is the span length, w is the specimen width,
and / the thickness, in Equation 4 § is the displacement.

or=r—z 3)

Loading nose

Strain gage

Support nose

a)
50
: & & :
S8 — Soa
ML) Maximum bending moment
Mnix
b) [ L

Figure 1. Test apparatus for four-point-bending: a) position of the
hole; b) Bending moment diagram.

Table 2. Test conditions for open hole specimens.

Hole diameter Radius to width

Laminate ratio
(mm) (r/'w)

4. .
Carbon/PPS 00 0.308
6.00 0.461
4.00 0.308

Carbon/epoxy

6.00 0.461
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With the bending stress and deformation data, the elastic
bending module (by the slope method) was calculated,
according to Equation 5, which was applied to both specimens
without holes and those with holes. In Equation 5 m is the
slope of the secant of the force-deflection curve, w is sample
width, and 4 sample thickness.

3
EJS[ecant _ 0,17L3 m (5)
wh

For the bending test of specimens with holes, the resistant
area of the cross- section is decreased by the discontinuity
of the hole that is considered in the moment of inertia of
the cross-section. Where 7 . is the moment of inertia of the
section with hole in Equation 6 and r is radius of the hole,
and replacing in the bending formula leads to Equation 7,
which is the maximum bending strength with a circular hole.

s ©)
3L
on= 4(w—2r)d2 )

For the calculation of stress concentration (K ) in the region
of the holes, Equation 8 was used. Where ¢, _is the maximum
strain achieved by an extensometer attached tangent to the hole,
as shown in Figure 1b, in the tensile region,and ¢ isthe mean
strain calculated by the displacement of the loading point. For
the calculations, it is considered the limit of elasticity, where
the relation 0=F¢ is valid (£ is the elastic modulus).

gmax
R— ®)
3. Results

3.1. Flexural properties of Carbon/PPS
specimens

The Carbon/PPS composite specimens had a high scatter
during the loading process that is related to the variation in the
damage processes, which led to a major failure in buckling at the
outer fiber in compression side of the bar, where a continuous
laminate is more prone to fail®'. The stress concentration
produced by the hole led to less scatter, as depicted in Table 3.
This behavior is attributed to the induced failure at the holes
due to maximum stress tangent at the holes.

The stress concentration factor shows more effect when the
diameter of the hole increase to a value of 6.00 mm, as depicted
in stress-strain curves in Figure 2 at the maximum stress, however
none of the two radii to width ratios significantly affects the
average maximum strength, considering the high standard
deviation values. The holes limited the strain at failure, however
for dental structural applications this value can be neglected
as it will work below a percentage of the yielding strength.
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The average values of maximum flexural properties for
the three types of specimens enabled to verify the effect of
the stress concentration, observed in Figure 3. It has been
already commented the little effect on the maximum strength
of the specimens, evidencing that the stress concentrations
in the studied range of the radius to width ratios (»/w) were
not sufficient for a substantial change in the flexural strength.
Therefore, there are a great degree of freedom to employ a
variety of screw types and diameters.

Although the flexural strength data are very close in the three
studied models, revealing their non-significance, the maximum
average force had significantly different values, according to
Figure 3. This is meaningful as for a structure with the same
dimensions, a hole can reduce the force by approximately
50% in the case of 6.00 mm hole. Then, the flexural strength
analysis accounts for the reduction of the cross-section area
that compensates the reduction in force. The stress is inversely
proportional to the cross-section area, as shown in Equation 7, and
for the hole diameter of 6.00 mm, this represents a 54% reduction
of the area, showing no effect of the stress concentration (K).

The average data of the bending modulus, following
Equation 5, showed significant loss of stiffness mainly in the
6.00 mm diameter hole, as a considerable part of carbon fibers
had their load transfer capacity interrupted. Table 4 illustrates
the percentage of flexural modulus reduction.

.
e

100

=23 ©
=] o
1 1

Flexural Stress (MPa)
8
1

O Without hole

204 £ H ). Hole diameter =4.00 mm__|

B> Hole diameter = 6.00 mm

T T
0 0.004 0.008 0.012

Strain (mm/mm)

Figure 2. Average values of carbon/PPS specimens with and
without holes.

Table 3. Average flexural strength in open hole specimens of
Carbon /PPS.

. Average maximum  Average maximum
Hole diameter & g

strength (MPa) strain (mm/mm)
- 109 (31) 0.0072
4.00 117 (17) 0.0053
6.00 102 (18) 0.0035

Table 4. Flexural modulus of the thermoplastic composites with hole.

Mean flexural modulus (GPa) Flexural modulus Reduction (%)

24.45 -
22.25 9.00%
14.73 39.65%
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CARBON/PPS

B Maximum Flexural Stress MPa B Maximim Force N B Maximum Flexural Modulus GPa
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Figure 3. Comparison of the averages of maximum strength, maximum force and maximum flexural modulus for specimens without

hole and with hole of 4 and 6 mm.
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Figure 4. Comparison of mean strain and maximum strain.

Figures 4a, 4b, and 4¢ show the comparison of the curves
for each diameter of hole in order to visualize the magnification
of strain near the notch. In Figure 4a, there is no difference
in the curves, as a consequence, the laminate is not sensitive
to hole diameter of 4.00 mm. A difference is observed in
6.00 mm hole according to Figure 4b that inevitably yields
to a K higher than 2.5 taking from the elastic region, detail
A. However, it was previously stated a negligible effect of
K, that is not true, but the behavior beyond the elastic limit
led to close values of flexural strength, as shown in Detail
B. This analysis shows a particular behavior of composites
associated with the thermoplastic matrix, that is important to
consider the yield strength rather than maximum strength for
dental structural application, which suffered a considerable
reduction in 6.00 mm hole diameter.

Strain (mm/mm)

3.2. Flexural properties of carbon/epoxy
specimens

The stress versus strain graphic for the thermoset
composite can be seen in Figure 5, where it is possible to
observe the higher flexural strength in specimens with the
presence of stress concentration.

The stress concentrations (K)) were calculated by means
of extensometers positioned tangent to the hole, in which
it was found that the magnitude of the maximum stress
influenced the result shown in Figure 5. Table 5 shows the
calculated K| using strain data.

The data of the flexural properties of the thermoset
specimens are shown in Figure 6, in which higher values
of 865 (20) and 903 (37) MPa can be observed in the



6 Alves et al.

specimens with holes 0f'4.00 and 6.00 mm, respectively, than
in specimens without holes with values of 824 (38) MPa.
The reasons for these discrepancies could also be attributed
to the ratio of reduced force and reduce cross-section area,
as occurred in Carbon/PPS composites. However, in Carbon/
Epoxy composites, K, influenced the maximum strength as
the failure occurred just at the elastic region due to the brittle
nature of the epoxy matrix.

Regarding the modulus, a small difference was observed
between specimens with values of 69 (4) GPa, 72 (2) GPa,
and 74 (2) GPa for specimens without holes, with 4.00 and
6.00 mm holes, respectively. The standard deviations shown
in these values indicate no influence of the holes in the
flexural modulus which is a great advantage in applications
that requires high modulus.

900 T T T T T T
800 -| 4
m]
700 4 0
g a2
600 - 4
=
& 500 4 N
[
=
@ 400 4 1
o
2
5 300 4
L
200 -| 4
O Mean-¢,,,=-No Hole
100 - O Mean-¢g,, =-OH 400mm -
/\ Mean- Emean= - OH 6.00mm
0 T T T T T T
0 0002 0004 0006 0008  0.01 0.012 0014

Strain (mm/mm)

Figure 5. Stress dispersion curves in bending of carbon/epoxy
specimens without hole and with hole.
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3.3. Fracture analysis

The analysis of the fractured surfaces was performed
using an optical microscope in order to investigate the failure
locus, it is observed that the fracture of the specimens with
a notch originated close to the hole in the compression
region as seen in Figure 7a, with the fibers buckling in the
thermoplastic material. This occurs as the thermoplastic
matrix is more susceptible to deform, as a result, the fibers
tend to buckle.

In the thermoset materials, the failure occurred in
tensile at the outer fiber of the specimen, as can be seen in
Figure 7b. This is a more desirable type of failure by taking
full advantage of the fiber strength rather than having the
dependency of the matrix strength, as developed in the
carbon/PPS composites.

4. Discussion

Costa® reports values of 1170 (49) MPa and 61 (1) GPa
for flexural strength and flexural modulus, respectively, for
carbon/PPS composites, processed by the hot compression
molding. In contrast, the results presented in this research
were 108 (31) MPa for flexural strength and 25 (6) GPa for
flexural modulus for similar material. The main differences
between the results were the used raw material, as Costa®? used
a pre-impregnated carbon fiber with PPS, besides the use of
unidirectional fibers aligned in the loading direction provides
optimum strength. This research comprised a woven fabric
that limits the fibers aligned in loading direction by 50%, in
addition, the woven generates crimp regions which induces
failure by buckling in the compression side®!-®*. This type of
failure was reported in the previous section that comprises
the misaligned fiber due to the waviness generated by woven.

CARBON/EPOXI

B Maximum Flexural Stress MPa B Maximim Force N B Maximum Flexural Modulus GPa

1500.00
1366.32

1200.00
900.00
600.00

824.47 865.30
I — I

300.00
Without Hole

1027.71

903.07
T
759.73
72.47 7353

Open Hole 4.00

Open Hole 6.00

Figure 6. Comparison of the averages of maximum bending strength, maximum force and maximum flexural modulus for specimens

without hole and with hole of 4 and 6 mm.

Table 5. Stress concentration (K=¢, /&, ).

‘max’ "~ mean

Specimens g, (mm/mm) €, 0 (Mmm/mm) K, Radius to width ratio
TR CF4 0.000629 0.000401 1.57 0.28
TR CF6 0.000504 0.000337 1.49 0.45

TR — Thermorigid CF4 — Hole diameter equal 4.00 mm CF6 — Hole diameter equal to 6.00 mm
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compression failure

fiber break

Figure 7. Types of fractures occurring: a) in thermoplastic laminates; b) and in thermoset.

Other factors can be attributed to the decrease in the
mechanical properties, mainly during the processing of the
thermoplastic material, such as: cooling rate of the laminate;
and dry spots*. Such alterations generate internal discontinuities
in the laminate, such as flaws and voids, which can generate
cracks in the matrix, fiber breakage or delamination. Despite the
lower performance of the carbon/PPS composite, it overcomes
the requirement of minimum strength of 65 MPa for plastic
materials applied in dentistry (DIN EN ISO 10477).

The literature provides rich information for carbon fiber/epoxy
composites processed by the RTM method®*® and combined
to flexural analysis. Brocks et al.*® reported values of 884 (42)
MPa and 60 (3) GPa for flexural strength and flexural modulus,
respectively, which are closed to the values of 824 (38) MPa
and 69 (4) GPa strength and modulus, respectively, obtained
in this research. Also, Shiino et al.®” found values of 787 (89)
MPa for flexural strength and 29 (3) GPa for flexural modulus
in three-point-bending test of in quasi-isotropic laminates.

In fatigue, tests with the presence of stress concentrations
reported a maximum reduction in strength around 40%°,
corroborating with the present study in which there were
reductions of 31% for holes with a diameter of 4.00 mm, and
51% in holes of 6.00 mm for the Carbon/PPS composite, while
for the Carbon/Epoxy composites the reduction in strength was
29% and 44% for 4.00 mm and 6.00 mm holes, respectively.

The type of failure that occurred in the specimens during
the bending test was consistent with those reported in the
literature®”", where for the Carbon/Epoxy specimens, there
was failure in tensile side at the outer fibers. After reaching the
maximum flexural strength, there was an explosive separation
of the specimens without any plastic deformation®’. In Carbon/
PPS specimens, on the other hand, there was delamination
in the region close to compression and the rupture of fibers
in the tensile region, however, there was no separation of
the parts, as well as in the tests present in the literature’.

The use of infrastructures in composites has recently been
explored due to the advantages of having some advantages over
metallic alloys, such as high flexural strength, high modulus of
elasticity, low specific weight, allowing chemical adhesion of
resins on the infrastructure and lower production cost!7-?6276373,

The use of a PEEK resin composite associated with glass
fibers (Trinia ®, Shofu, Dental Corporation, San Marcos,
CA, USA) as prosthetic infrastructure has been proposed,

providing strength of 254.2 (22.3) MPa and an elastic modulus
0f 7.2 (3.5) GPa obtained in three-point-bending tests'. This
material has been applied to fixed prostheses on implants
by several authors with promising results””. The present
investigation enabled to affirm that carbon/epoxy composites
meet that requirement in all stress concentration condition,
however, in the carbon/PPS needs further investigation as
it has lower flexural properties, but it may overcome other
disadvantage such as sudden failure presented in carbon/
epoxy composites.

The carbon/epoxy composite results of specific strength
and modulus were superior to CoCr and Ti6Al4V alloys, thus
demonstrating that it can be a candidate for replacing these
materials in prosthetic infrastructure, that usually requires
hole for attachment.

5. Conclusions

The presence of stress concentration (holes) in the
studied diameters did not significantly change the maximum
strength values and the bending modulus. The central
hole increased the maximum stress in the two diameters
evaluated in carbon/epoxy laminates, as this property is
inversely proportional to the cross-sectional area, therefore
did not sufficiently reduced the force to notice a reduction
in flexural strength.

The carbon/epoxy thermoset composite had better
mechanical performance in four-point bending test than the
carbon/PPS thermoplastic composite. However, there was a
divergence between the quality of the thermoplastic composite
obtained in relation to the thermoplastic composites present
in the literature.

Within the limitations of an in vitro study, which is
constrained in environmental pressure and temperature, it
is possible to state that thermoplastic and thermoset carbon
fiber composites can be potential candidates for prosthetic
infrastructure due to their high mechanical strength and
high modulus, when compared to other materials already
used in dentistry such as acrylic resins, composite resin,
and fiberglass composites. Carbon/epoxy composites also
present comparable mechanical properties in bending to metal
alloys, which are still the gold standard in the manufacture
of prosthetic infrastructures.
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