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Abstract
This study evaluates mechanical behavior of prosthetics produced with high-performance polymer, modified with carbon
nanotubes. Four implants were scanned and bars for protocol-type prosthetics were digitally projected. Then 10 bars were milled
using modified polymer discs, Patent INP102015009893-Br. Five cylinders were fixed on the bars, completely passive, and this
set was fastened on the matrix. Five protocol-type prosthetic simulations were waxed, inserted and coated over the bars using
thermo-activated acrylic resin. Five other coatings with resin were made without the bars. The test bodies were submitted to
compression force in five different spots, with speed of 0.05 mm/min and load cell of 2000 kgf. The variance analysis to a
standard stated significant difference for the resistance to compression amongst groups (p<0.001). The Turkey test revealed that
the resistance of the acrylic resin with the nano bar was higher than the group containing just the nano bar-both higher than the
group treated only with acrylic resin. The exact Fisher test with Freeman-Halton extension indicated significant differences in the
fracture modes (p=0.044). Evaluating the groups with acrylic resin without nano bars and acrylic resin associated with the nano
bars, the Man-Whitney test showed the set of acrylic resin associated with the nano bar presented significantly higher resistance to
compression (2.56 times) than the group which contained only acrylic resin (p=0.009). The exact Fisher test indicated that
comparing test body groups that involved the nano bar or not, no significant differences amongst the fracture modes occurred
(p=0.167). Conclusion: Infrastructures made with the nano compost evaluated mechanically reinforce protocol-type prosthetics,
and the presence of the nano compost infrastructure reduces the fracture on the cantilever region. The evaluated nano compost
resistance’s to compression makes it recommended for confection of protocol-type prosthetics.

Key Words: Carbon nanotubes, Polymers, Compression

Introduction
The successful rehabilitation of edentulous patients depends
on several aspects. Total rehabilitation with removable
prostheses usually yields good aesthetical results but is
insufficient in terms of functional recovery. The restoration
of lost structures that accounts for both function and
aesthetics is a challenge [1]. Implant dentistry has solved
many of the problems related to conventional total prostheses
such as retention, stability, aesthetics, and quality of life of
the edentulous patients [2].

Implant dentistry has contributed to the rehabilitation of
the edentulous patients with protocol-type prosthesis that
uses a metal frame supported by 4, 5, or 6 implants to
rehabilitate the whole arc [3,4]. The protocol-type prosthesis
provides better biomechanical properties due to its
polyhedral arrangement and rigid bonds, which favors the
distribution of occlusal loads. However, its success depends
on the prompt manufacture of a passive bar to connect the
implants, thus promoting the secondary stabilization of the
prosthesis-implant [5,6].

Cobalt-Chromium (Co-Cr) and Nickel-Chromium (Ni-
Cr) alloys are the most commonly used in the manufacture of
this type of prosthesis over implants. They have high
elasticity module, resulting in low absorption and dissipation
of forces, which accumulate on the implants and increase the
risk of losses [7]. Despite its high resistance to fracture and
wearing, metal alloys are biologically and aesthetically
limited [8,9].

The number of edentulous in the world is still high, and
this motivates the search for materials and techniques that
yields better mechanical behavior of protocol-type

prostheses. Several materials are already available to replace
the metallic structure: Zirconium [10], glass fiber [11],
carbon fiber [12] and Polyether Ether Ketone (PEEK)
[13-19]. There is a global tendency to replace metallic
structures for alternative materials, among which polymers
are the main choice.

The ability of reinforcement fibers to increase the
resistance of plastic is well known [20,21]. Although
previously known by the scientific community [22], carbon
nanotubes, successfully used in the reinforcement of
polymers, were first described by Sumil lijima [23]. This
seminal work provided a detailed description of the material
and of its unique properties, representing innovation in terms
of possibilities of application in a wide range of systems.
Depending on the number of graphene layers, carbon
nanotubes can be classified as single-walled (SW), or multi-
walled concentric graphene (MW) [24].

A Carbon Nanotube (CNT) is one of the most robust
materials known, with very high mechanical strength,
flexibility, and resistance to rupture when bent or twisted.
Theoretical and experimental research suggests that the SW
CNT is a low-density material (0.8 g/cm3), with elasticity
module of approximately 1 TPA, mechanical strength
varying from 50 to 500 GPa, thermal stability larger than
700°C (air) and 2800°C (vacuum) [25].

Following decades of exclusive use by the industries of
missiles, rockets, and complex geometry aircraft, this
material is now present in a number of innovative products,
being part of the pyramidal components of nanotechnology.
Over the years, several applications of CNT as the
reinforcement phase in polymer nanocomposites have been
published [26-31].
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A national patent has been registered under the title
“ Gypsum nanocomposites with carbon nanostructures,
methods of production and related uses” , INPE Protocol:
014090001245 [32]. Following the preliminary mechanical
results from the association of epoxy resin, carbon nanotubes,
and plain weave carbon fibers, new material was developed to
be used as structural reinforcement in dentistry, with real
possibilities of technology transfer to the productive sector.
This material, a nano polymer, is manufactured using a
CADCAM system (computer-aided design-CAD, computer-
aided manufacturing-CAM).

The techniques and materials currently used as internal
reinforcement of protocol-type prostheses result in heavy
structures, time-demanding procedures and high rates of
failure. The aim of this study is to assess the mechanical
behavior of prostheses manufactured with high-performance
polymers with MW carbon nanotubes.

Materials and Methods
The test specimens were manufactured using a steel matrix
(Figure 1) produced on a five-axis lathe model DMU50
(EUROTEC UK). The matrix contained four equidistant holes
where the Bioneck TRI NP 4.3 × 10 implants (Dérig Indústria
e Comércio de Materiais Médico-Odontológicos, Sao Paulo,
Brazil) are placed. Mini conical abutments (DérigImplantes
do Brasil, Sao Paulo, Brazil) were positioned over the
implants. Five threaded titanium cylinders (Dérig Industria e
Comércio de Materiais Médico-Odontológico, Sao Paulo,
Brazil) were positioned over the abutments (Figure 2).

Figure 1. The metal matrix used in the test specimens
manufacture.

Figure 2. Implants, mini abutments, and connection cylinders
positioned on the metal matrix for scanning.

The matrix simulating the edentulous arc was scanned with
a bench scanner Smart Óptica 3D Scanner (ScaiermanLtda,
Brescia, Italy). The image was used to design the structure for
the protocol-type prosthesis on the software Exocad 2.2
Valletta (ExocadGmbh, Darmstadt, Germany) (Figure 3).

Figure 3. Bar design in Exocad following the scanning of the
metal matrix.

Ten bars were machined in a five-axis milling machine
Roland model DWX-50 (Roland Corporation, Japan) with
modified polymer disks, Patent number INP 102015009893-
Br [33]. This material is composed of epoxy resin, carbon
fiber, and MW carbon nanotubes - nanocomposite (Figure 4).
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Figure 4. Nanopolymer disk with measurements, to be machined
in a five-axis milling machine.

The cylinders were mounted on the bars using appropriate
nuts and a screwdriver (Figure 5). The attachment was
passive.

Figure 5. Nut and screwdriver used in the connection of the
cylinder to the bar.

Using the upper portion of the matrix (Figure 1), five
protocol-type prostheses simulations were waxed with Wilson
wax 7 (Polidental, Sao Paulo, Brazil), inserted and acrylized
with thermoactivated acrylic resin (Clássico, Sao Paulo,
Brazil) on the polymerizer PolyTherm 9 (Tecnodent,
Indaiatuba, Sao Paulo, Brazil); five acrylizations were
performed in the absence of bars (Figure 6).

The test specimens obtained for the compressive test were
the nanocomposite bar (A), the protocol-type prosthesis with
the nanocomposite bar (B), and the protocol-type prosthesis
without the nanocomposite bar (C) (Figure 7).

Figure 6. Test specimen’s insertion in a furnace for acrylization
with thermo activated acrylic resin.

Figure 7. (A): Nanocomposite bar; (B): acrylized nanocomposite
bar and; (C): acrylization without bar.

The test specimens were positioned on the test matrix using
mini abutment screws (Dérig Indústria e Comércio de
Materiais Médico-Odontológico, Sao Paulo, Brazil), and
subjected to compressive stress in five different points (Figure
8).

The test was performed on a Universal Testing Machine
EMIC Dl2000 (EMIC, Sao Paulo, Brazil) at 0.5 mm per
minute and with a load cell of 2000 kgf (Figure 9).
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Figure 8. Matrix used in the compression test.

Figure 9. Test specimens subjected to compressive strength in the
Universal Testing Machine EMIC DL2000.

Data obtained from the compressive fracture strength test
of test specimens A, B, and C were analyzed with the Mann-
Whitney test. Fracture mode data were analyzed with Fisher's
exact test.

The compressive fracture strength test results of test
specimens B and C were compared with Tukey's test. Fracture
mode data were analyzed with Fisher's exact test with
Freeman-Halton extension. All statistical calculations were
performed on SPSS 23 (SPSS INC., Chicago, IL, USA) and
on vassarstats.net, with a significance level of 5%.

Result
One-way analysis of variance revealed a significant difference
in compressive strength between groups (p<0.001). Tukey's
test showed that the acrylic resin with the nanocomposite bar
has the highest values of compressive strength, followed by
the group using only the nanocomposite bar, and the group
using only acrylic resin, respectively. All differences were
statistically significant (Table 1 and Graph 1).

Table 1. Average values and standard deviations of compressive
strength according to group.

Group
Compressive Strength
(Kgf)

Acryilc resin and nanocomposite bar 957.86 (56.86) A

Nanocomposite bar 777.43 (13.05) B

Acrylic resin 373.73 (8.07) C

Group tagged with different capital letters are statistically different.

Graph 1. Bar graph of average compressive strength values.

Graph 2. Bar graph of the relative frequency of fracture modes
according to the group.

Fisher's exact test with the Freeman-Halton extension
showed significant difference in fracture modes between
groups (p=0.044). In the groups of nanocomposite bars or
acrylic resin only, the fractures occurred exclusively at the
cantilever, whereas in the group of acrylic resin combined
with nanocomposite bars, 60% of fractures occurred at the
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central portion and only 40% occurred at the cantilever
(Graph 2).

Regarding the presence of the nanocomposite bar, the
Mann-Whitney test showed that the compressive strength of
the acrylic resin increases significantly (2.56 times) when
combined with the bar (p=0.009, Table 2).

Table 2. Average compressive strength and standard deviation of
acrylic resin structures with and without nanocomposite bars.

Acrylic Resin
Compressive
strength (Kgf)

combined with the nanocomposite bar 957.86 (56.86) A

Lacks the nanocomposite bar 373.73 (8.07) B

Groups identified with different capital letters are statistically different

Fisher's exact test showed no difference in fracture mode
of the test specimens regarding the presence or absence of the
nanocomposite bars (p=0.167). However, it is possible to
notice a prevalence of fractures at the cantilever portion
(Graph 3).

Graph 3. Bar graph of the relative frequency of fracture modes of
the acrylic resin structure with and without the nanocomposite
bar.

Discussion
Results show that the presence of infrastructure on protocol-
type prostheses increases resistance to fracture when subjected
to compressive stress (Graph 4).

The need for infrastructure on protocol-type prostheses has
been reported before in Tealdo T et al. [34]. It is worth
stressing that infrastructures manufactured using conventional
processes that involve casting usually produce stress on the
implants. This condition can be avoided with the use of cad-
cam systems, which produce more precise structures.
Migliorança RM et al. [35] notice that conventional metallic
structures are thick and heavy. The test specimens produced
here for the compressive strength test have a bond component
between the infrastructure and the implants, producing a
stress-free structure (Figure 5).

Sahin S et al. [36] literature review analyzes the clinical
importance of the passive adjustment and the factors that

affect the final adjustment of the infrastructures over implants.
They observed that an absolute passive adaptation between
the prosthesis infrastructure and the implants is difficult to be
obtained. There is no consensus on this, but suggestions for
clinically acceptable maladjustment have been offered.
According to the authors, a passive adjustment of the
infrastructures and prostheses seems impossible since the
techniques and materials used in their manufacture are
inherently imprecise. This can be overcome, however, with
the manufacturing method presented in this study.

Graph 4. Bar graph of average compressive strength of acrylic
resin structures with and without the nanocomposite bar.

Graph 4. Bar graph of average compressive strength of acrylic
resin structures with and without the nanocomposite bar.

Maló P et al. [37] proposed protocol-type prostheses
without infrastructure, but other authors claim that the
metallic structure plays an important role in the prostheses
immediately loaded over implants due to its better resistance
and rigidity in comparison with prostheses made of acrylic
resin [34]. It is worth considering that the acrylic resin
deformation creates stress on the implants, which leads to
fractures mostly at the cantilever portion. Romanos et al. [38],
Falk H et al. [39] showed that 70% of the functional occlusal
loads on the protocol-type prostheses are on the cantilever
portion. According to Pinto [40], the loads are better
distributed on prostheses that lack the cantilever extension,
but this condition is not always possible. The presence of
infrastructure increases resistance to fracture, as shown in
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Graph 1, reducing the occurrence of fractures at the cantilever
(Graph 3).

Menini et al. [12] found the same result using
tridimensional analysis of finite elements to assess the
distribution of stresses on four implants used as support for
the implant-supported fixed total prostheses of different
designs. The study included a fixed prosthesis without
structure, one with cast metal structure, and one manufactured
in carbon fiber. The prosthesis lacking the infrastructure
produced larger stress on the implants (up to 55.16%), on the
peri-implant bone (up to 56.93%), and on the prosthesis (up to
70.71%). The prosthesis with the infrastructure manufactured
in carbon fiber was intermediate.

Usually, protocol-type prostheses have a casted or
machined metal infrastructure made of chromium-cobalt,
nickel-chromium alloys, or titanium. Zaparolli et al. [11]
compared the distribution of stress on this type of prostheses
with bars made of different materials and with different
methods. They manufactured four bars: fiber-reinforced resin
(Trinia, CAD/CAM), commercially pure titanium (cpTi,
CAD/CAM), cobalt-chromium (Co-Cr, CAD/CAM), and
cobalt-chromium (Co-Cr, machined). The fiber-reinforced
resin bars showed the best distribution of stress, and the
machined Co-Cr bars the worst, with overload on the distal
portion of the posterior implants. The authors concluded that
the fiber-reinforced resin allowed an adequate distribution of
stress, making it a viable alternative to implant-supported total
mandibular prostheses. The polymer used here showed
mechanical behavior adequate for this prosthetic mode, as
shown in Tables 1 and 2.

Aquino et al. [41] assessed the mechanical behavior of
different designs of protocol-type prostheses bars
manufactured in PEEK: circular and squared cross-sections
and modified T-section. Results showed no difference in
performance for the different geometries. In a similar study,
Carvalho et al. [42] found better biomechanical results in
rectangular bars, which is the design used in this study
(Figures 3 and 6).

Michael et al. [43] observed that the maximum bite force
of rehabilitated patients with total removable prostheses is 4.5
times lower than that of patients with natural dentition. Ogata
e Satoh [44] measured the mastication forces in patients using
total removable prostheses and found an average of 6.5 Kgf.
Bakke et al. [45] found an average of 11.5 Kgf in the same
situation, and an average of 20 Kgf in the presence of two
implants, and fixed prosthesis instead of total. They also
observed that the bite force of patients with fixed prosthesis
supported by osseointegrated implants is comparable to that of
patients with natural dentition. Lundqvistand Haraldson [46]
observed an increase in the mastication force of up to ten
times in a period of 3 years of patients that received fixed
prostheses over implants. According to this information and
the results found here (Table 1), one can assert that the
nanocomposite bar and the protocol-type prosthesis with and
without the bar have adequate compressive fracture strength,
both at the prosthesis body and the cantilever, to rehabilitate
total edentulous patients.

The polymer assessed here is an association of epoxy resin,
carbon fiber, and single-walled carbon nanotube. It is worth

stressing that carbon is one of the most versatile elements in
nature, capable of assuming different architectures, including
in nanometric scale, and originating a variety of stable
structures with different polyatomic configurations, known as
allotropic forms. These structures are well differentiated, with
a precise spatial ordering of the orbitals around a central
carbon atom with different hybridization types (sp3, sp2 and
sp). The number and nature of bonds to the carbon atom
define the allotrope's geometry and properties [47]. Until the
early 1920s, the only known organized structures of carbon
were diamond (hybridization sp3) and graphite (hybridization
sp2). Decades later, the development of new characterization
equipment and the constant interest on the carbon chains led
to the identification of new allotropic forms of carbon with
hybridization sp2. Among these forms are fullerenes (C60),
discovered by Kroto HW et al. [48], (Nobel prize winner of
1996), carbon nanotubes, found by Sumio Iijima [23], and
graphene, isolated and identified by Konstantin S et al. [49],
(Physics Nobel prize winner of 2010). Besides their unique
electronic, mechanical and chemical properties, carbon
nanotubes can be combined with other materials to improve
the existing properties or to confer new ones Saito et al. [50]
and Bianco A et al. [51]. These findings represent important
milestones in nanoscience and nanotechnology development
[52]. The definition of nanotechnology was coined in 1959 by
the physicist Richard Feynman, who described it as the
technique of creation of materials, devices, and functional
systems by controlling atoms in nanometric scale to use the
unique properties that appear on this scale Bhardwaj SK et al.
[53].

In this study, carbon nanotubes were incorporated into the
epoxy polymeric matrix in a ratio of 0.5% (Patent INP
102015009893-Br). According to Xie XL et al. [25], the
incorporation of small amounts of carbon nanotubes into
polymeric matrices, usually in the range of 0.1% to 5.0%, may
improve the material's mechanical properties. Plain weave
carbon fibers were also incorporated into the matrix in this
study, conferring higher resistance and rigidity to the
composite. The composite properties vary according to type,
size, concentration, and arrangement of the fibers in the
matrix [54].

Conclusion
Based on the results observed in this study, the conclusion
states that the nanocomposite material evaluated presents
mechanical properties that indicate its applicability as a viable
alternative to the manufacturing of protocol-type
infrastructures.

This result is based on the significant increase in resistance
to fractioning that was presented on the models, including the
cantilever region, in prostheses of this type.
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