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Electrospinning is a versatile technique that has gathered interest due to its
ability to fabricate nano and microscale fibres with unique properties of high
surface area and fibrous porosity. This technique has been widely used in the
late 20t (1990) and early 21st (2000) centuries. Since the beginning of its use,
significant improvements have been made in the design, materials used, and
fibres produced. The electrospinning technique is used to fabricate a material
with therapeutic properties as it allows the researchers to incorporate various
anti-microbial agents to different polymers without altering the chemical char-
acteristics of polymers.

The production of nanofibres through electrospinning is affected by many op-
erating parameters. It is, therefore, essential to know various parameters and
processes that aid in fabricating the desired fibre assemblies. The nanofibres
remain an essential division of biomaterials due to a wide range of biomedical
applications. Nanofibres have unique properties such as protein absorption,
binding sites to cell receptors, can provide maximum volume fraction by
controlling fibres' alignment and orientation hence improving the material
properties like surface morphology, porosity, and geometry.

Recent trends in endodontics, encourage regenerative therapy for the treatment
of necrotic immature permanent teeth for root development and maturation.
In this context, efficient disinfection of the root canal system is a crucial step.
Existing chemical irrigating solutions (for eg., NaOCl) and antibiotic pastes (for
eg., Triple antibiotic paste) usage at higher doses showed toxic results on the
pulpal stem cells. Therefore, it was found to be beneficial to use a nanofibre-
based intracanal drug delivery construct to release antibiotics at lower, yet anti
-microbially effective concentrations.

This review aims to discuss the basic concepts of electrospinning and its poten-
tial application in regenerative endodontics along with various parameters,
which affect the fibre morphology and properties of produced nanofibres.

1. Introduction

Electrospinning is initially known as electrostatic spinning because it makes
use of electrostatic force for the process of spinning. This spinning was first
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investigated by Zeleny in 1914 [1]. This electrostatic
force stretches the Visco-elastic solution as it solidifies
to fabricate electrospun fibres [2]. Electrospinning is
simple in its basic set-up, thereby making this accessi-
ble to almost every laboratory. It is a versatile technology
that is efficient in producing nanofibres suitable for
various Bio-medical applications [3].

The technology of withdrawing ultra-thin fibres from
visco-elastic fluid under a strong electric field was
discovered about a century ago [4]. Electrodynamics
led to the development of electrospinning to produce
fibres, which was invented in 1902 by Cooley and
Morton [5,6]. The term electrospinning was taken into
records in 1993 by Darrell H. Renker [7,8]. Most of the
time, materials for dental applications were found to
be smaller in size and volume due to the size restriction
of the oral cavity. The ability of electrospinning tech-
nology to produce fibres in sub-micron to nano-meter
dimension and its flexibility in material selection led
to the production of materials suitable for dental
applications [2].

Electrospinning also aids in the incorporation of addi-
tives like medicaments to get desired properties in the
final materials [9,10]. This technique has been widely
employed for the fabrication of nanofibrous scaffolds
with fibre diameter alignment tailorability and diver-
sity in raw-material [11]. The tailorability of fibre di-
ameter and pore size provides optimal conditions for
differentiation and proliferation of cells [12]. Electro-
spun materials have the benefits of improved cellular
interactions, enhanced protein absorption, which facil-
itates binding sites for cell receptors and high surface
area to volume ratio [13].

2. Basic Set-up of electrospinning

Electrospinning set-up typically consists of four major
components. which includes high voltage power supply,
syringe with pump, metal tip needle (spinneret) and
collector [14,15].

2.1 Principle

The basic principle of electrospinning involves potential
voltage difference between the polymer solution flow-
ing through a spinneret into the collector. When the
potential difference overcomes the surface tension of
the solution, then fluid jet splits to form fibres that are
solidified with the evaporation of the solvent [16].

A detailed explanation of the conversion of visco-
elastic polymer solution into nanofibres was shown in
Figure 1.

Figure 1. Steps involved in conversion of visco-

elastic polymer solution into nanofibres.

2.2 Factors affecting fibre morphology and proper-
ties of electrospun fibres

The process of electrospinning produces continuous
nanofibres through uniaxial stretching of visco-elastic
solution [2]. To appreciate the process of nanofibre
formation through electrospinning, different parameters
that affect the process have to be considered. The key
parameters affecting the properties of electrospun fi-
bres and fibre morphology were described into four
types. These parameters include processing, systemic,
solution and physical parameters. The list of factors in
each parameter affecting the characteristics of electro-
spun fibres was shown in Table 1.

2.2.1 Processing parameters

2.2.1.1 Voltage

Increase in voltage would discharge the polymer jet
with a stronger repulsion, accelerates more volume of
electrospinning solution, resulting in more stretching
and decreased diameter of the fibres. However, an
optimal voltage is necessary to initiate the polymer jet
from the Taylor cone apex [17]. The applied voltage also
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Table 1. Factors affecting the characteristics
of electrospun fibres in each parameter.

Parameters Individual factors
Voltage
Feed rate
Processing Distance of Collector
parameters Volumetric Flow rate
Needle diameter
Motion
_ Molecular weight
Systemic Solvent
parameters Polymer type
Viscosity
Solution Concentration
parameters Conductivity
Surface Tension
Dielectric constant
Physical Relative Humidity
parameters Temperature

had an effect on droplet shape prior to jet formation.
Higher voltage results in an increased flow rate of
solution and faster electrospinning [18].

2.2.1.2 Feed rate

The feed rate mainly determines the amount of availa-
ble solution between the tip of the needle and electro-
spinning target. Increased feed rate causes the fusion
of fibers due to improper evaporation of the solvent
before reaching the collection point [18].

2.2.1.3 Distance of Collector

The reduction in the distance causes shorter flight
time for the jet. So, it may not have sufficient time to
solidify and results in the fusion of fibers. Increasing
the distancedrops the surface charge density, decreases
the magnitude of the electric field, forming fewer
charged ions [19]. This increase in distance results in
elongation and decreases the diameter of the polymer
jet.

2.2.1.4 Volumetric Flow Rate

Faster flow may stagnate the solution at the tip of the
needle. As the rate of flow increases, the surface
charge density decreases. The flow rate of the solution
affects various features of nanofibres, such as diameter,
porosity, and geometry [18]. A constant flow-rate is
required to minimize the bead formation in electrospun
materials [20]. Slow flow-rate reduces the diameter of

the electrospun nanofibres [21]. In addition, the slow
flow rate resulted in a smaller number of beads compared
to a faster flow rate [22]. Therefore, in order to fabri-
cate nanofibre continuously, the flow rate needs to be
optimized [23].

2.2.1.5 Needle diameter

Fibre diameter was reported to increase with a greater
needle tip diameter [24,25]. Smaller internal diameter
reduces the clogging due to less exposure time of the
jet to the environment. Reduction in inner needle
diameter increases the solution surface tension corre-
sponding to a smaller droplet that causes the jet to
decrease its acceleration. So, jet gets more flight time
before deposition and has more stretching and elonga-
tion; this results in smaller diameter fibres [23].

2.2.1.6 Motion

Regular electrospinning yields randomly aligned nano-
fibres [26]. Control on the geometry of the deposition
of fibre or getting other desired fibre patterns can be
achieved with a change in the design of the collector.
One of them includes parallel bars with a gap in-
between the two that leads to aligned nanofibres [27].

2.2.2 Systemic parameters

2.2.2.1 Molecular weight

Molecular weight represents the length of the polymer
chain that, in turn, influences the entanglements. These
will prevent the jet from premature splitting during
the process. Higher molecular weight resultsin a viscous
solution when compared to lower molecular weight
[26]. Increasing molecular weight can result in de-
creased beading [28].

2.2.2.2 Solvent

The solubility and boiling point of the solvent are two
essential factors to choose the desired solvent before
electrospinning. Volatile solvents are considered to be
an ideal option due to rapid evaporation and dehydra-
tion of the nanofibres [29]. A very low boiling point
favours rapid evaporation, so this should be avoided to
prevent the obstruction of needle orifice before elec-
trospinning.

It was found that high boiling point solvents may not
dehydrate completely before reaching the target re-
sulting in a flat ribbon-shaped fibre instead of round
fibre [30,31]. The volatility of the solvent might affect
the features of electrospun nanofibres, including
shape, porosity, and size. Hence, particular attention
must be taken during the evaluation and selection of
electrospinning solvents [30].
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2.2.3 Solution-related Parameters

The solution properties are important to attain uniform
fibres. It should have optimal low surface tension and
high enough charge density and viscosity so that the
collapse of the jet into droplets can be prevented before
the solvent evaporates [32]. Polymer characteristics
such as solution viscosity, concentration, surface tension,
and solution conductivity influence the nanofibre mor-
phology and properties.

2.2.3.1 Viscosity

Viscous solutions (optimum) enhance chain entangle-
ments and result in uniform fibres without any beads.
Less viscous polymer solution breaks up into small
droplets or creates beaded fibres [33]. However, if the
viscosity of the solution is too high, then it will be difficult
to force the solution through capillary, and the solu-
tion at the tip may dry up [34].

2.2.3.2 Concentration

The concentration of the solution below the threshold
value will result in the formation of droplets instead of
fibres. The high concentration of the solution increases
viscosity and may lead to processing problems. Increasing
concentration can result in decreased beading and
increased fiber diameter [35].

2.2.3.3 Effect of Conductivity

High conductivity facilitates polymer solution to carry
greater charge compared to low conductivity. Hence,
high conductivity yields greater tensile forces to
applied voltage and reduction in nanofibre diameter
[36]. Fong et al. examined the effect of sodium chloride
on polymer for the fabrication of electrospun nano-
fibre and reported a higher charge density of electro-
spinning jet. This increased charge density results in
the formation of smooth and uniform nanofibre [33].
Increasing conductivity through the addition of salt
can result in defect-free, smaller diameter fibers
[33,37].

2.2.3.4 Surface tension

Surface tension results in decreased surface area of
the solution and aids in the formation of a spherical
droplet. In case of low concentration, a high ratio of
solvent molecules have an increased tendency to
assemble and form a spherical or bead formation [33].
Low surface tension solvents should be used to get
bead free uniform fibres.

2.2.3.5 Solvent dielectric constant

Increasing dielectric constant can result in decreased
bead formation. The solvent with a higher dielectric
constant has a higher density in solution [38].

2.2.4 Physical parameters

2.2.4.1 Relative humidity

Humidity causes changes in the diameter of the nano-
fibres by controlling the solidification process of the
charged jet. An increase in humidity results in a de-
creased diameter of nanofibres. Further, an increase in
humidity led to bead fibre for individual polymers and
almost no electrospinning for the blends [39].

2.2.4.2 Temperature

Temperature causes two opposing effects to change
the average diameter of the nanofibres: (i) it increases
the rate of evaporation of the solvent and (ii) it de-
creases the viscosity of the solution. The increase in
the evaporation of the solvent and the decrease in the
viscosity of the solution work by two apposite mecha-
nisms, however, both lead to a decrease in the mean
fibre diameter [40].

3. Applications of electrospun nano-
fibres in regenerative endodontics

Pulp-dentin complex regeneration aids in extending
the normal function of the natural dentition, especially
in cases of traumatized permanent immature teeth,
which hinders completion of root development and
maturation [41,42]. The idea behind the regenerative
endodontics is mainly based on stem cells' capacity to
regenerate. These stem cells will be introduced into
root canals through the intentional laceration of peri-
apical tissue after a thorough disinfection protocol.
The growth factors and stem cells from the apical area
populate the scaffold, inducing tissue regeneration
[43,44]. Therefore, both root canal disinfection and
blood-clot formation have been shown to play a critical
role in new tissue formation and overall root matura-
tion and development.

The application of the antibiotic mixture in regenera-
tive endodontic procedures was introduced in 2001
[45]. Since its emergence, this intra-canal antibiotic
paste, i.e., either Triple antibiotic paste (TAP) or Double
antibiotic paste (DAP), has been the most commonly
used inter-appointment medicament [46]. Even though
root canal irrigation with sodium hypochlorite (NaOCI)
associated with antibiotic mixtures (i.e.,, TAP or DAP)
has led to maximum bacterial elimination, but their use
athigh concentrations have been shown to negatively
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impact dental derived stem cells survival and function
[41,47]. It was shown that the widely used creamy
paste (1 g/mL) of the triple antibiotic mixture is toxic
to stem cells from the apical papilla (SCAPs) [48].

It was stated that Triple Antibiotic paste concentrations
ranging from 0.01 to 0.1 mg/mL were not cytotoxic
when applied directly onto the stem cells from apical
papilla (SCAP) [48] and had no effect on viability after
its removal from the root canal lumen [49]. However,
antibiotics mixed with water or saline in such low
concentrations result in a watery mixture that cannot
be retained inside root canals. Therefore, it would be
beneficial to use a biocompatible nanofibre-based
intracanal drug delivery construct to release antibiotics
at lower yet anti-microbially effective concentrations
[50].

In drug delivery systems, coating the electrospun fiber
with a shell is considered to be effective in controlling
the release kinetics of the drugs [51]. The shell coat
serves as an outer protective layer. Hydrophilic drugs
can be incorporated in the core phase and hydrophobic
polymers in the shell phase. In core-sheath nanofibers,
the core swells or dissolves, forming pores in the shell
after the dissolution of hydrophilic portion in the core,
thereby allowing for the sustained release of the drug
[52].

In order to overcome the inherent toxicity of the
agents mentioned above, the concept of a cell-friendly
disinfection strategy was introduced through the successful
development of novel antibiotic-containing polymer
nanofibres [43,50,53]. These novel drug delivery systems
designed for regenerative endodontics are predicated
on the fact that controlling the antibiotic dose and
release rate will lead to enhanced stem cell viability
while preserving anti-microbial activity [43,50,54-57].
In electrospinning, a polymer solution containing the
desired concentration of antibiotics is prepared to
produce nanofibres [43,50].

The reason behind the use of antibiotic-containing
nanofibres as a three-dimensional (3D) tubular drug
delivery construct [53,58] is based on the fact that the
addition of low antibiotic concentrations and the slow
drug release provided by these nanofibrous constructs
will be able to eradicate the infection and thus create a
bacteria-free environment favourable to tissue regen-
eration [56,57,58]. Importantly, in this strategy, the
anti-microbial agents are delivered directly onto the
dentinal walls, where microbial biofilms have been
found to be present.

Collagen or Polycaprolactone (PCL) gelatin-based nan-
ofibrous scaffolds incorporating bioactive glass nano

particles were developed for dentin-pulp regeneration
and showed enhanced growth and odontogenic differ-
entiation from human dental pulp stem cells (DPSCs)
compared to collagen nanofibrous scaffold via the
integrin-mediated process [58,60]. Bottino et al. incor-
porated antibiotics (metronidazole and ciprofloxacin)
to polydioxanone (PDS) electrospun scaffolds and ob-
served that these scaffolds were more effective at de-
livering antibiotics. They require a lower dose against
pathogenic bacteria, including Porphyromonas gingi-
valis and Enterococcus faecalis, compared to drugs
delivered via pastes [50].

It was shown that these electrospun meshes of PCL
have a strong potential for promoting odontogenic
growth and differentiation, as suggested by increased
turnover of collagen I and other proteins when tested
in vitro with human pulpal cells [61]. Taken together,
the major advantage of electrospinning might be its
ability to produce complex geometry of nanofibrous
scaffolds for dentin-pulp complex regeneration.
Electrospinning was used to fabricate tubular 3D drug
delivery constructs comprising polydioxanone and
three antibiotics (metronidazole, ciprofloxacin, and
minocycline) at a much lower concentration than in
the triple antibiotic paste. The 3D construct was
designed to smoothly fit within the individual anatomy
of immature teeth, that is, a parallel and tubular thin
root dentin wall. The tubular 3D triple antibiotic-
eluting drug delivery constructs were found to be
effective in ablating intracanal biofilm in a similar fashion
to the well-established triple antibiotic paste [62].

In electrospinning, the chosen polymer solution can be
incorporated with one or a combination of antibiotics,
making it possible to fabricate fibres with a narrow or
wide spectrum of action (e.g., ciprofloxacin (CIP), met-
ronidazole (MET), and minocycline (MINO) that have
been shown to inhibit the growth of endodontic pathogens
[50,56,57]. In a study, ciprofloxacin-containing polymer
nanofibres were tested against E. faecalis biofilm
developed on human root fragments and found maxi-
mum bacterial biofilm elimination [55].

4. Conclusion

Nanofibres used for the seeding of regenerative cells
(like dental pulp cells, mesenchymal cells, odonto-
blasts, growth factors, etc.) provide a porous 3D surface
that promotes regeneration of teeth [50]. Apart from
this, the nanofibres produced by electrospinning offers
various advantages like adhesion to cells, mimicking
extracellular matrix, differentiation, and proliferation

41



International Journal of Dental Materials 2020;2(2): 37-44

of cells. In fact, scaffolds containing antibiotics have

been proven to reduce or completely eradicate infection

by the controlled release of a wide variety of antibiotics
[63]. Ultimately, the nanofibrous scaffold's ability to
deliver intracanal, controlled amounts of antibiotics

might have positive treatment outcomes conducive to

tissue regeneration by rendering a bacteria-free envi-

ronment while minimizing the toxic effects associated

with the use of the antibiotic paste.
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