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Abstract— Nanomaterials are those materials whose dimension is less than 100nm.The development of nanofibers or 
nanomaterials has greatly enhanced the scope for fabricating scaffolds that can potentially meet the challenge of developing 
scaffolds that mimic the architecture of tissue at nanoscale and reproduce the correct signals that guide the cells towards a 
desirable behavior. There are three techniques of fabricating the scaffolds, of which electrospinning is extensively used due 
to its promising results. Regenerative medicine is an emerging field that aims to restore, maintain tissues and provides 
biological functionality to them. The application of nanotechnology to regenerative medicine is a very interesting issue and 
this review paper will focus on the aspects of nanotechnology relevant to biomaterials and their applications in tissue 
engineering. 
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I. INTRODUCTION 
 
Nanotechnology is the science and engineering which 
deals with the design, synthesis and characterization 
of materials and devices that have at least one 
dimension in nanometer range. Several nanoparticles 
with dimension less than 100 nm make up the 
nanomaterials. Due to nanoscale effects and increased 
surface area, nanomaterials have been investigated as 
promising tools for the advancement of diagnostic 
biosensors, drug and gene delivery, and biomedical 
imaging. Nanotechnology has set high expectation 
value in the field of tissue engineering and 
regeneration.Conditions that a nanomaterial should 
satisfy include: 
 Nanomaterials should be fabricated such that 

they interact with proteins and cells without 
interfering with their biological activities. 

 Nanomaterials shouldnot cause immunological 
rejection or infection. 

 Nanomaterials should maintain their physical 
properties even after surface modification. 

Stem cells are those cells which can differentiate 
further into several other cells. Nowadays, stem cell 
therapy is being considered as the solution for all the 
ailments in the world. It has gained much attention 
for the treatment of devastating injuries caused by 
degenerating diseases, high degree burns or other 
accidents. Many diseases such as Parkinson’s 
disease,amyotrophic lateral sclerosis, Alzheimer’s 
disease are being studiedin order to create aneffective 
cure(1). To cover some of the recent trends in 
regenerative medicine, this review will focus on the 
fabrication and use of nanomaterials in TE and cell 
therapy also the use of nanoparticles in cell tracking. 
 
Fabrication of nanomaterial 
Electrospinning 
Electrospinning is a simple and cost-effective 
technique of producing nanofibers from different 
types of natural or synthetic polymers, which can also 
be a metal, silk or glass(1). 

Patents involving electrospinning first appeared in the 
1930s(4). It uses electric field to control thedeposition  
 

 
Figure (a): Schematic of electrospinning technique 

 
of polymeric fibers onto a target(3). That is, in this 
process nanofibers are created as polymeric jets from 
the surface of a polymeric solution in a high intensity 
electrostatic field (10–100 kV) when the electric field 
overcomes the polymer surface tension.(1)(Fig (a)). 
NanospiderTM  electrospinning technology is a needle 
free, high voltage, free liquid surface electrospinning 
process which has many advantages such as high 
productivity, good reproducibility and minimal 
production variability from laboratory to industrial 
scale (Fig (b)).  
 

 
Figure (b): The principle of the needleless NanospiderTM 

technology based on a rotating spinning electrode. 
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It produces both randomly oriented and aligned 
networks that support stem cell growth and 
proliferation. (3,7). 
Though it is limited by lowprocessefficiency, 
theflexibilityofthistechnique,on the other hand, 
enables the design of various modifications and 
extensions that further advance the scaffolds 
functionality (1). 
 

 
Figure (c): Aligned nanofibers 

 
Numerous reports havedescribed the fabrication of 
degradable or no degradable nanofibers by 
electrospinning as scaffolds for the seeding and 
growth of different cell types.Typical biodegradable 
Syntheticpoly (lactic acid) (PLA), poly (lactic-co-
glycolic acid) (PLGA), poly-epsiloncaprolactone 
(PCL), and polyvinyl alcohol (PVA) polymers, or 
natural materials such as collagen, gelatin, chitosan, 
alginates or silk, are the most common materials 
employed for the Aligned nanofibrous scaffolds that 
serve as contact guidance for directing cell growth 
(Fig(c)) have been studied as promising caffolds, 
especially for vascular or neural TEmaterial(1). 
 
A   combination    of    two    or    more    material 
components are used to generate composite 
nanofibers such as core-shell structured nanofibers, 
blendednanofibers and Nano fibrous mingled 
structures.The fabrication of core-shell nanofibers, 
using electrospinnable bioactive macromolecules 
such as collagen, gelatin or fibronectin as the shell 
and a synthetic polymer with advantageous 
mechanical and structural properties as the core, 
offers the possibility of designing a variety of 
functional compositenanofibers (10). 
The electrospinning technique is mostly used to 
fabricate two-dimensional (2D) nanofibrous sheets or 
meshes. The lack of porosity limits in vitrostudies 
using 2D electrospun nanofibers as substrates for 
various cell cultures to form 3D structures for in vivo 
applications. However, several other strategies have 
been employed to achieve 3D scaffolds. For example, 
a sponge-like nanofirous scaffold was built from 
electrospun silk fibroin nanofiber dispersion in the 
presence of NaCl particles as a porogen (9). 
 
Self-assembly 
Molecules and supramolecular aggregates organize 
and arrange themselves into an ordered structure 

through weak and noncovalent bonds (3). Self-
assembling nanofibers are composed of peptide 
molecules that spontaneously aggregate to form an 
aqueous solution into a stable nanofiber network 
(1).Peptide-amphiphilic molecules, formed from a 
hydrophobic tail and a hydrophilic peptide head, 
spontaneously self-assemble into cylindrical 
nanofibers (hydrophobic tile forms the core and 
hydrophilic head forms the surface of the fiber).when 
mineralized with hydroxyapatite, it can be recreated 
as a nanostructured bone. Other examples are 
SAPN,RADA-16 which have alternating hydrophilic 
and hydrophobic amino acids in the form of β-sheet 
structures (19).Self-assembly was successfully used 
to encapsulate chondrocytes within a self-assembled 
peptide-hydrogel scaffold for cartilage repair (12). 
 
Phase separation 
Phase separation method is used to produce 3 D 
scaffolds of fibers in the submicron range. Polymer 
scaffolds obtained by the phase separation method 
usually have a sponge like porous morphology with 
microscale spherical pores.(4)Usually a very time 
consuming, thermally induced phase separation 
process is used to produce a Nano fibrous foamed 
scaffold which involves several steps like raw 
material dissolution, gelation, solvent extraction, 
freezing and drying. But this method does not require 
any sophisticated equipment. (3). This technique 
involves five basic steps (11). 
1. Dissolution of polymer.  
2. Liquid–liquid phase separation process. 
3. Polymer gelation (controls the porosity of 
nanoscale scaffolds at low temperature). 
4. Extraction of solvent from the gel with water. 5. 
Freezing and freeze-drying under vacuum. PLLA is 
widely used material for phase separation method (5). 
 
Magnetic nanomaterial 
Iron oxide nanoparticles (Fig(d)) and quantum dots 
are one of the most useful materials for stem cell 
research because they can be synthesized from 
various materials by using simple methods. They 
cancompose of different  
 

 
Figure (d): Iron-oxide nanoparticle 
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metals, metal oxides and semiconducting materials 
whose compositions and sizes are variable. Iron oxide 
nanoparticles’ surface can be modified to ensure high 
uptake efficiency with minimum negative effect on 
the cells. For example, SPIO nanoparticles are coated 
with dextran to enhance stability and solubility and 
also prevents aggregation. The coated SPIO 
nanoparticles are useful for tracking and studying 
stem/progenitor cells with MRI. Dextran coated SPIO 
Ferumoxide is a commercially available 
nanomaterial. SPIO’s may have toxic effects on the 
stem cells due to formation of free hydroxyl 
radiclesandreactive oxygen species. To prevent this 
SPIONs are coated with gold. Which in turn enhances 
MRI contrast significantly (3). 
 
Semiconductor nanomaterial 
QDs are being extensively used for applications in 
cell biology such as cell labeling, cell tracking and in 
vivo imaging. QDs have broad absorption spectra and 
narrow emission spectra. Photo physical properties 
depend on their nanometer-scale size. So optical 
properties can be controlled by changing their sizes 
and compositions. QDs exhibit resistance to photo 
bleaching, which permits the use of lasers at low 
intensity, enabling scientists to study live 
cellsandcompex biological mechanismsin realtime 
(3). 
 
Applications 
 
Wound dressing 
Electrospunfibers have large surface area, porosity 
and hence good permeability for oxygen which 
prevents infection and dehydration. .Chitosan has 
been generally considered as a promising natural 
biodegradable polymer for wound dressing due to its 
biocompatibility and it’s bactericidal, hemostatic as 
wellaswound-healingproperties (13). Beneficial 
effects on wound healing were also found using 
nanofiber membranes composed from chitosan-coated 
PVA (14), poly-Acetyl-glucosamine (15), or poly (3-
hydroxybutyrateco-3-hydroxyvalerate) nanofiber 
matrices co-cultured with hair follicular epithelial and 
dermal cells (16).Biodegradable copolymer PCL and 
poly (ethylenglycol) with chemically conjugated 
human epidermal growth factor increased the 
proliferation and 
phenotypicexpressionofkeratinocytes 
andimprovedinvivo wound healing in diabetic 
animals (17). 
 
Vascular grafts 
Suitable scaffolds for vascular grafts provide aligned 
nanofibers that achieve the structural properties of the 
endothelium with elongated vascular endothelial 
cells. Aligned PLLA nanofibrous scaffolds used in 
vivo as an artery bypass, with or without 
mesenchymal stem cells (MSCs), allowed the 
infiltration of vascular cells and matrix remodeling, 

while grafts with MSCs revealed antithrombogenic 
properties (20). 
 
Cardiac regeneration 
A new strategy for healing infarcted myocardium 
uses SAPN as a bioengineered delivery system to 
enable the local intramyocardial release of growth 
factors or chemokines. To improve the survival of 
cells transplanted into infarcted myocardial tissue, 
insulin growth factor IGF-1, a cardiomyocyte growth 
and differentiation factor, was bound to biotinylated 
SAPN using a biotin sandwich method (18). The 
injection of IGF-1 bound to SAPN into the 
myocardium enabled the local delivery of IGF-1 and, 
in combination with transplanted cardiomyocytes, 
reduced apoptosis and increased the growth of the 
transplanted cells. Another approach used a modified 
SDF-1 chemokine that is resistant to matrix 
metalloproteinase-2 and exopeptidase cleavage 
tethered to RAD16-II self-assembling protein (19). 
The intramyocardial nanofiber-mediated delivery of 
protease-resistant SDF-1 promoted the chemotactic 
recruitment of stem cells and improved cardiac 
function after myocardial infarction. 
 
Bone regeneration 
To design scaffolds for bone reconstruction, suitable 
biophysical properties, such as hardness and porosity, 
as well as support for cell growth and differentiation, 
must be provided. Recently a biomaterial has been 
developed which triggers stem cells to begin forming 
bone to enable a more effective treatment. This 
biomaterial consists of Nano-sized 2D particles 
embedded within a gel, that stimulates bone growth 
through a complex signaling mechanism without the 
use of growth factors, but it can lead to serious side 
effects, so scientists are still working on it.(1) 
 
CONCLUSION 
 
In this review, we have summarized about methods of 
fabrication of nanofibers using electrospinning 
technique, phase separation method and self-
assembling nanofibers, various nanomaterials used 
for signaling and cell tracking purposes, that are, 
SPIO nanoparticles and QD’s. Rapid progress in 
nanotechnology in recent years has yielded many 
medical benefits, especially in the fields of TE, 
imaging and drug delivery. 
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