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ABSTRACT

Hydroxyapatite (HA) is recognized as an osteoconductive material with the ability of bone healing acceleration and close adaptation of
bony tissue. The exceptional size of nanomaterials makes them attractive carriers for dental applications. Because of structural and
compositional similarity of HA to bone, most of the recent researches involve the nanoscale applications of this material. Nanofibers are
perfect reinforcing materials compared with other particles and they are now presented with superior potential in the dental field. HA
nanofibers have been studied with hopeful results for dental sciences application. In this review, we have focused on the application of

HA nanofibers such as tissue regeneration, dental resins, dental implant and treatment of periodontitis in dentistry.
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1. INTRODUCTION

The most ubiquitous family of bioceramics is
hydroxyapatites (HA) which they can mimic the porous structure
and/or the mineral composition of bone; has high structural and
composition similarities to the minerals exist in natural dentin or
bones, and form a direct bond with neighboring bone with their
capability to stimulate differentiation of mesenchymal cells to
osteablasts [1, 2]. The integration of P or Ca ions into the surface
layer and the validity of these results have been proved by several
studies. Consequently, it has been extensively adopted as an
appropriate biomaterial for bone regeneration making use of its
osteoconductivity, bioactivity, biocompatibility, and non-
inflammatory properties [3]. HA particles or porous granules have
been studied as carriers for several drugs and proteins, for
example, antibiotics and growth factors [1].
Currently, the advance in nanotechnology has opened new
prospects to produce nanomaterials for several applications [4-11].
The nanostructured form of HA displays a higher surface area and
then more reactivity. Nanoform of HA can show outstanding
properties in several medicinal fields, especially in dentistry. The

dentistry field is very extensive comprising specializations such as
orthodontics, endodontics, and periodontics [12-15].

Currently, vast varieties of nanofibers now exist with better
potential in the dental field. The nanofibers displayed the ability to
improve the mechanical performance of dental composite
restoratives. The mechanism of reinforcement effect can be related
to preventing cracks propagation particularly with the presence of
powerful interfacial binding force between the uniform
distribution of the impregnated nanofillers and different phases of
the restorative material [16, 17].

HA nanofibers has been studied with hopeful results for
regeneration of bone, intervertebral disk, cartilage, meniscus, and
ligament. HA nanofiber scaffolds can be applied to resemble the
native natural extracellular matrix (ECM), and designed to show
high aspect ratio, permeability, surface area, and porosity are
distinct which are the advantage of these beneficial scaffolds [18-
23]. This paper summarizes the hydroxyapatite nanofibers
application in dentistry such as tissue regeneration, dental resins,
dental implant and treatment of periodontitis.

2. HYDROXYAPATITE NANOFIBERS IN TISSUE REGENERATION IN DENTAL SCIENCES

Electrospun nanofiber scaffold with its similarity to ECM
is celebrated to assist adhesion and proliferation of the cell. Dental
pulp stem cells (DPSCs) have the capability to differentiate which
is important for the regeneration of tooth. Several investigations

have shown that DPSCs is able to attach and proliferate well on
electrospun scaffolds [18, 24]. Table. 1 listed application of HA
nanofibers in tissue regeneration in dental sciences.

Table 1. Application of HA nanofibers in tissue regeneration in dental sciences.

Structure Properties

HA-coated
Polycaprolactone (PCL)
nanofibrous

and improved cell proliferation.

Promotion of human PDL fibroblast attachment

Application Preparation Ref
method
Electrospinning

method

Periodontal
regeneration

[25]
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Structure Properties Application Preparation Ref
method
Modified HA | Promotion of human osteoblasts proliferation, | Suitable environment for | Electrospinning [26]
nanofibers with | differentiation and increase osseointegration. growth and differentiation of | method
Titanium (Ti) cells
Polyvinyl alcohol and | Dentin regenerative properties Future promising applications | Electrospinning [27]
HA nanoparticles related to regeneration and | method
replacement of hard tissue
such as bone and dentin, not
limited to implants coating.
PLGA/HA nanofiber Characterize the expression pattern of the gene | Osteogenic differentiation and | Electrospinning
during osteogenic differentiation in several | mineralization of stem cells | method
stem cells such as the dental pulp stem cells | cultured on the PLGA/HA [28]
(DPSCs) on PLGA/HA nanofiber. nanofibers occurred.
Three-dimensional (3D) | Exhibited higher cell viability, proliferation and | Scaffold Electrospinning [29]
nanofibrous Poly | differentiation. method
(e-caprolactone)
(PCL)/Poly lactic acid
(PLLA)-HA polymeric
Silica glass and HA The membrane structures would be highly | Potential applications in the | Sol-gel  process | [30]
desirable as bone substitutes or tissue | repair and treatment of bone | combined  with
engineering templates. defects, drug delivery and | electrospinning
dental regeneration.
Poly(L-lactic acid) The growth of DPSCs and PCs is well observed | Potential scaffolds for dental | Electrospinning [31]
(PLLA)/nano- HA attached to the PLLA/HA fibers tissue engineering.
hybrid nanofibrous
Perfectly PLLA/HA
fibrous scaffolds
Poly(I-lactic acid) The biocompatibility of the scaffold has been | Potential candidate in dental | Electrospinning [32]
(PLLA)/ Multi-walled investigated by DPSCs cell culture on the | tissue engineering.
carbon nanotubes scaffold.
(MWNTSs)/ HA
nanofibrous
Cellulose/nano-HA Thermostability could be improved with the | Potentials as scaffold | Electrospinning [20]
nanocomposite incorporation of nano-HA. The ECHNN | materials in bone tissue
nanofibers (ECHNN) scaffolds were quite biocompatible for human | engineering.
dental follicle cells (HDFCs) attachment and
proliferation.
Poly(lactic-co-glycolic The each nanofiber shell is composed of | Guided tissue regeneration | Coaxial [33]
acid) (PLGA)/ HA collagen/amoxicillin to improve healing of | (GTR) membranes, which are | electrospinning
(core)- wound through drug release, and its core is | key materials, utilized to
collagen/amoxicillin composed of PLGA/HA to inhibit growth of | create barriers between bone
(shell) nanofiber fibroblast into bone defects and improve bone | and soft tissues during repair
growth. of bone defect, in orthopedic
transplants and dental
implants.
Polycaprolactone Incorporation of nHA in nanofibers indeed | Support adhesion, | Electrospinning [34]
(PCL)/gelatin/nano-HA | enhanced DPSCs differentiation towards an | proliferation and odontogenic
nanofiber odontoblast-like phenotype in vitro and in vivo. | differentiation of dental pulp
stem in regeneration.

3. APPLICATION OF HYDROXYAPATITE NANOFIBERS IN DENTAL RESINS

Hydroxyapatite

(HA),

tetracalcium  phosphate, and

HA nanofibers could be cut down shrinkage of polymerization.

dicalcium phosphate anhydrous are biocompatible and typical
fillers of calcium phosphates [35-38]. Fillers of calcium
phosphates are commonly added at some content for mineral
releasing into dental resin composites. Also, several studies have
displayed that calcium phosphates are non-toxic [39]. Via
introducing inorganic fibers with good stiffness and mechanical
properties of dental resin composites can be considerably
reinforced. The HA nanofibers reinforcement with huge ratios of
slenderness on the targeted dental resins was studied. Compared
with other particles, nanofibers are perfect reinforcing materials,
since more stress transfer could be displayed by the interaction
between the matrix and nanofibers. Meanwhile, the addition of

Briefly, remarkable stress could be moved from composites matrix
to tough HA nanofibers when the composites endure from huge
pressure. Therefore, considerable improvement in the mechanical
properties of dental composites will be achieved finally. The
dental resins composites improvement will decline seriously, but
loading of HA nanofibers content outnumbers percolation
threshold. Since extremely high loading nanofibers content prone
to make reinforcing nanofibers into disadvantages and this will
damage dental composites’ mechanical performances critically
[39, 40].

Chen et al. studied the properties of high aspect-ratio HA
nanofibers and the reinforcing effect of such fibers on bisphenol A
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glycidyl methacrylate (BisGMA)/triethylene glycol dimethacrylate
(TEGDMA) dental resins (without silica microparticle filler) and
dental composites (with silica microparticle filler) with different
mass fractions (loading rates). They exhibited incorporation of the
small mass fraction of HA nanofibers with good dispersion can
improve the mechanical property of dental composites and dental
resins [40].

Shahmirzadi et al. successfully fabricated the novel bisphenol-A
glycidyl methacrylate (Bis-GMA)/triethylene glycol
dimethacrylate (TEGDMA)/ HA nanofibrous dental resins were

4, DENTAL IMPLANT SURFACE MODIFICATION
The dental implant is often utilized as a more permanent fix
to substitute lost tooth. However, osseointegration for the
formation of the new bone around the implant is the key factor of
the clinical success of the dental implant. The formation of fibrous
tissues surround the implant instead of direct contact of bone to
the implant surface often is the reason for the implant failure. As
the fibrous tissue mechanically is weak, it is unable to provide
long-term support for the implant after the process of healing is
completed [42-45].
Dental implants with nano-coated HA have been reported to
display good futures as implant coating materials. This
nanomaterial can stimulate a chemical bond with bone and result
in improved osseointegration and biological fixation.
Electrospinning method, because of its flexibility in the selection
of material and its capability to produce fibers in the nanometer
dimension, is perfectly suited in preparing materials for
applications in dental science [43, 46].

and the effect of HA nanofibers with several mass fractions on the
mechanical properties of dental resins was studied. The HA
nanofibers were prepared by electrospinning method. Integration
of lower HA nanofibers loadings into the dental resin improved
the flexural strength, flexural modulus, diametral tensile strength,
and of compressive strength the dental resins; however, the
loading of higher HA decreased the dental resins mechanical
properties. Consequently, the lower loading of HA nanofibers can
improve the dental resins mechanical properties as novel
reinforcing filler [41].

In vivo investigations have shown faster bony healing surround
implants that are coated with HA. There is a direct bonding of HA
to bone defined as biointegration. The exact mechanism of this
phenomenon isn't clear and requires more clinical and biological
studies [47].

To ensure direct implant surface contact to the bone, one method
is to encourage mineral deposition on the surface of implant by
osteoblast or mesenchymal stem cells. Ravichandran et al.
displayed that adhesion of mesenchymal stem cells (MSC) on
titanium plate and the alloy is considerably improved with
nanofiber coating even with the man-made polymer such as poly
(lactic acid)-co-poly (glycolic acid) (PLGA). Combination of the
PLGA nanofiber with HA and collagen additional enhances the
MSCs adhesion on the surface of implant. Titanium alloy coated
with HA nanofibers and PLGA/collagen displayed better
proliferation and showed considerably greater mineral secretion
and activity of alkaline phosphatase than untreated titanium alloy
[48].

5. HYDROXYAPATITE NANOFIBERS FOR THE TREATMENT OF PERIODONTITIS

Periodontitis is a common human microbial infection that
causes inflammation and destruction of the gums and supporting
structures of the teeth. Study of Deepak et al. provides a holistic
method for the periodontitis treatment involving localized delivery
of nanometric HA as a reinforcing filler and silver—-metronidazole
as antiseptic of periodontal pocket adjunct to recent periodontal

6. CONCLUSION AND FUTURE DIRECTIONS
Nanomaterials play an critical role in the design of ideal
material for dental sciences application. In dental sciences, HA
nanofibers utilize in tissue regeneration, dental resins, dental
implant and treatment of periodontitis. Electrospun nanofiber
scaffold with its similarity to natural ECM is celebrated to assist
adhesion and proliferation of dental stem cells. The HA nanofibers
reinforcement with huge ratios of slenderness on the targeted
dental resins was studied and compared with other nanoparticles,
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