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ABSTRACT

Objetives: this study aimed to fabricate
electrospun-based polyetherimide (PEI) fibers,
under controlled parameters, and to perform
a diameter analysis for potential mechanical
improvement of dental materials. Material and
Methods: PEI pallets (0.75 g) were dissolved
in 2 mL of chloroform and then processed by
electrospinning, under a flow rate of 1mLh
1 three different electrical voltages (10kV,
15kV and 20kV) and three distances (10 cm,
15 cm and 18 cm) between the needle tip
and collector. These parameter combinations
resulted in nine experimental groups that were
analyzed using scanning electron microscopy
(SEM) and image processing program for
diameter measurement. Statistical analysis
was performed using two-way ANOVA with
post-hoc Tukey (5% significance). Results:
from SEM images it was possible to observe
formation of solid, misaligned and flawless
defect-free fibers. And from the statistical
analysis, distance (p = 0,0026) and the electric
tension (p = 0,0012) showed a significant
difference, but not for interaction between
then (p = 0,4486). Conclusion: thus, it can
be concluded that there is a possibility of the
morphology control of PEI electrospun fibers,
such as diameter, that can be used for a variety
of applications such as incorporation in dental
materials in order to improve its properties.
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RESUMO

Objetivos: o objetivo deste estudo foi fabricar
fibras de polieterimida a base de eletrofiacdo
(PEI), sob parametros controlados, e realizar
uma andlise de diametro para potencial
aprimoramento mecanico de materiais
odontolégicos. Material e métodos: paletes
de PEI (0,75 g) foram dissolvidos em 2 mL de
cloroférmio e processados pela eletrofiacao,
sob uma razdo de fluxo de 1 mLh’, trés tensbes
elétricas diferentes (10 kV, 15 kV e 20 kV) e
trés distancias (10 cm, 15 cm e 18 cm) entre a
ponta da agulha e o coletor. Essas combinacoes
de parametros resultaram em nove grupos
diferentes que foram analisadas usando
microscopia eletronica de varredura (MEV) e
programa de processamento de imagem para
medicdo de diametro. Resultados: a partir
das imagens de MEV foi possivel observar a
formacdo de fibras sélidas, desalinhadas e sem
defeitos. E a partir da andlise estatistica, a
distancia (p = 0,0026) e a tensdo elétrica (p =
0,0012) apresentaram diferenca significativa,
mas nado para interacdo entre elas (p =
0,4486). Conclusao: assim, pode-se concluir
que existe a possibilidade de controle da
morfologia das fibras eletrofiadas PEI, como
o diametro, que pode ser utilizado para uma
variedade de aplicacOes, como incorporagado
em materiais dentdrios, a fim de melhorar
suas propriedades.
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INTRODUCTION

S everal materials have been wused in
restorative dentistry [1] and decision-
making for the best material for each clinical
situation is essential, based on the aesthetic
aspects, but also the mechanical properties,
longevity and functional rehabilitation provided
by the material [2].

In order to improve restorative materials
properties, composite resins, fiber-reinforced
resin, polymeric matrix reinforced were
introduced in dental material context [3,4]. In
this sense, properties such as the mechanical
performance of these materials can be resulted
from a combination of the characteristics of
the fiber and the matrix. Thus, variables such
as amount of fibers incorporated, the efficiency
of adhesion with the material matrix and fiber
diameter are important for the final balance of
the material properties [5-7].

Currently, polymeric fibers obtained by the
electrospinning technique have been associated
with increased resistance of resinous materials [8].
Electrospinning is based on the application of an
electrical force on polymeric solution promoting
the ejection of a fine jet that is elongated and
dried, deposited on a substrate [9].

The morphology of these fibers is controlled
and depends on several parameters such as
solution conductivity, solution surface tension,
polymer content, polymer molecular weight,
viscosity and applied voltage [10]. In addition, the
chemical interaction between the organic matrix
of the resin, for example, and the reinforcement
material must be functionalized to achieve an
advantageous reinforcement effect [11].

Apolymer widely studied is Polyetherimide
(PEI), an amorphous thermoplastic polymer
with excellent properties that include: high
mechanical resistance, thermal and chemical
stability. Its properties are compared with
metallic and ceramic materials for its elasticity,
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toughness, impact and abrasion resistance, good
insulation and chemical resistance and exposure
to time [12].

In this sense, the study of polymeric fibers
for material reinforcement becomes relevant.
Thus, the aim of the present study was to fabricate
and to characterize diameter of electrospun-
based polyetherimide fibers, under controlled
parameters, for potential improvement of dental
material properties.

MATERIALS AND METHODS
Synthesis of fibers

To obtain the fibers, a polymeric solution
obtained by dissolving 0.75 g of PEI (Sigma
Aldrich, Saint Louis, USA) in 2 mL of chloroform
(Synth, Sao José dos Campos, Brazil) was used.
The solution was taken to the magnetic stirrer
and maintained for 24 hours.

Then, electrospinning was perfomed with
high voltage source (10kV, 15kV and 20kV),
an infusion pump for flow control (1 mLh?),
plastic syringe with a straight needle (@ 0.7
mm?2) and static collector apparatus covered
with thin aluminum foil (0.2mm). And distance
from the tip of the needle to the collecting
apparatus ranging from 10 cm, 15 ¢cm and 18
cm, generating 9 morphological patterns of
fibers (Table I).

Table | - Parameters of study and experimental groups

Electric Tension
10kV 15kV 20kV
10cm Gl G2 G3
Distance 15cm G4 G5 G6
18cm G7 G8 G9

A standardized time of 5 min was used for
the collection of fibers for each combination of
variables. After collecting the fibers, they were
stored in a desiccator for 48 hours to evaporate
the remaining solvent.
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FIBER CHARACTERIZATION
Scanning Electron Microscopy (SEM)

Specimens of 0.5 x 0.5 cm of the aluminum
foil of each morphological pattern generated
from the fibers were covered with gold and
analyzed using scanning electron microscopy
(SEM) to assess the morphology, alignment,
diameter and quantity of fibers generated.

Electrospun nanofibers micrographies
were obtained using the Scanning Electron
Microscope With high-vacuum equipment
(Inspect S 50, FEI Company, Brno, Czech
Republic) operating at 20-25KV, 5.0 spot and
magnifications of 500x.

Measurement of fiber diameter

The diameter analysis was performed
using the Image J software (image analysis
software, Version 1.44°, National Public of
Health), by which 30 measurements were
collected in each image of the generated
patterns to obtain the average diameter in
nanometers, standard deviation and coefficient
of variation. Descriptive statistical analysis used
mean and standard deviations values and two
independent variables (distance and electric
tension). Then two-way ANOVA with post-hoc
Tukey (5% significance) was performed.

RESULTS
Scanning Electron Microscopy (SEM)

Parameter combinations resulted in nine
experimental groups of fibers that were analyzed
in SEM and from Figure 1 it was possible to
observe formation of solid, misaligned and
flawless fibers.
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Figure 1 - SEM images from experimental groups obtained
from parameter combinations.

Measurement of fiber diameter

From the statistical analysis of the data
obtained, distance (p = 0,0026) and the electric
tension (p = 0,0012) showed a significant effect,
but the distance/electric tension interaction
(p = 0,4486) did not. Table II shows all the
experimental groups.

Table Il - The mean fiber diameter (and standart desviation) of
experimental groups as a function of the Distance and Voltage

GROUP Mean£SD (um) Distance (cm) Voltage (kV)
Gl 6,39+198° 10 10
+7) 1028+3,04° 10 13
63 11836/06° 10 20
G4 2,99+131 15 10
G5 8,81+170° 15 15
G6 756:510° 15 20
67 388+139° 18 10
G8 467+184" 18 15
69 730224 18 20

* Different letters indicate significant statistical difference.

The two-way ANOVA results revealed
in Figure 2 the multiple comparisons of the
experimental groups
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Figure 2 - Statistical distribution of the nanofiber diameters
generated by different electrospinning parameters.

DISCUSSION

Several polymers are used for
electrospinning process such as Chitosan [13],
Polycaprolactone [14] and Polyetherimide
(PEI) [15]. PEI presents similar advantages to
metals, biocompatibility, corrosion resistance
[16] highly thermal-resistant [17] and excellent
mechanical properties [18].

PEI fibers were produced, for the present
study, to obtain an ideal pattern for potential
improvement of dental materials properties, as
already used for composite and acrylic resins
[19]. It was possible to obtain nine distinct
morphological types of electrospun fibers by the
interaction of two variable parameters (electric
tension and distance between the needle tip and
collector).

The different fiber diameters (Figures 2)
obtained can be explained by the electrospinning
process parameters that changed the production
pattern [13,20] that corroborates the significant
statistical results of distance (p = 0,0026)
and the electric tension (p = 0,0012). Several
studies suggested a controversial influence
of the applied voltages on the diameter fibers
which higher voltages can facilitate larger
diameters [21] or that there is not much effect
of electric field [22]. In this study, G4 group (10
cm / 15 kV) resulted smaller diameters (2,99
+1,3um) instead G3 (18 cm / 10 kV) with the
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larger diameters (11,83 = 6,06um) without
interaction between factors.

In this context, the fibers diameter
analysis is important for the properties that will
be incorporated into the matrix of the materials
since they can influence roughness [23] and
mechanical strength [24]. Although there are
some studies on the effects of fiber diameter on
tensile properties [25,26] and some revealed an
inverse correlation between the tensile strength
and the fiber diameter [27], the decision of
which best characteristic for a reinforcement
material depends on the expected application
for the final product.

Thus, from the production of PEI fibers it
was possible to observe that the technique used
was satisfactory with determined parameters,
however studies are still necessary in order to
optimize the production of the obtained fibers.

CONCLUSION

Based on the results, it can be concluded
that there is a possibility of the morphology
control of PEI electrospun fibers, such as
diameter, that can be used for a variety of
applications such as incorporation in dental
materials in order to improve its properties.
For future experiments the indicated group is
G4 (10kV and 15cm) for obtaining the smallest
diameter and standar deviation. Thus, further
studies are necessary for evaluation of tensile
strength, in order to support the results of this
work aiming future application in dentistry.
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