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EDITORIAL

Nanotechnology for Bone and Cartilage Engineering

Bone and cartilage defects remain challenging and common problems for Orthopaedic and Plastic & Reconstructive
surgeons today [1]. Autologous bone grafting remains the gold standard to restore bone defects; this is limited by donor
site  morbidity,  tissue  availability  and  resorption  or  failure  of  the  transplanted  bone  [1].  Similarly,  to  restore  the
cartilaginous framework of the ear or nose, rib cartilage is carved into a suitable shape and size and placed beneath the
subcutaneous tissue [1]. To overcome these problems, synthetic materials have been investigated for the replacement of
bone or cartilage tissue [1]. However, these materials have been limited in their ability to regenerate new tissue or by
causing infections or foreign body reactions [1]. A new approach to developing better biomaterials is the consideration
of ‘nano’ based materials, a rapid and growing field of ‘Nanotechnology’.

Scaffolds are the constructs responsible for carrying cells or growth factors that direct the cell behaviour towards the
regeneration  of  new  tissue  [2].  Using  nano-based  materials  has  the  ability  to  create  better  scaffolds  for  tissue
regeneration. A nanoparticle is a particle that ranges from 1 to 100 nm in size [2]. By definition a nanomaterial is a
scaffold that consists of elements that have components that are less than 100 nm. The extracellular matrix of bone and
cartilage consists of a hierarchy of nano-sized parts e.g. collagen fibrils and hydroxyapatite crystals [2]. Therefore, it is
not surprising that nanotechnology and nanobiomaterials have populated the field of bone and cartilage engineering. A
scaffold mimicking the native ECM provides appropriate cues for cellular cytoskeletal arrangement and intracellular
signalling for gene and protein expression for tissue regeneration [2].

Several  types  of  nanobiomaterials  exist  including  the  manufacturing  of  nanofibres  and  nanocomposites  to  act  as
scaffolds for cartilage and bone regeneration. In electrospinning, fibres are created by applying an electric charge to a
polymeric solution [3]. Nanofibres provide high surface area to volume ratio, providing an environment for good cell
adhesion,  proliferation  and  differentiation,  enhancing  tissue  engineering.  Many  synthetic  materials  have  been
investigated  using  electrospinning  for  tissue  regeneration  including  poly(lactic  acid)  (PLA),  polyurethane  (PU),
poly(caprolactone) (PCL) and poly(lactic-co-glycolic acid) (PLGA) [3]. For example, PCL nanofiber meshes cultured
in  a  perfusion  bioreactor  demonstrated  chondrogenic  differentiation  of  human  bone  marrow  stem  cells  using
morphological and RT-PCR analysis [4]. An advantage of nanofibres is the ability to incorporate chemical cues such as
growth  factors  within  nanofibres  during  the  manufacturing  process  [5].  The  addition  of  chemical  cues  allows  the
development of scaffolds that more closely resembles the native environment [5]. Bone formation in vivo required the
support of growth factor including therefore scaffolds that have signals for osteoinduction could be designed to mimic
the native signalling in vivo [5]. From this technology, further questions are posed including what to release and how
much to release to have a significant effect in vivo.

Bone  is  a  connective  tissue,  consisting  of  a  collagen  matrix  and  hydroxyapatite  minerals  within  it  [6].  Hence,
nanocomposite  materials  are  widely  studied  for  bone  tissue  engineering  to  mimic  the  native  bone  tissue  [6].
Bioceramics including calcium phosphate, calcium sulphate and β-TCP, hydroxyapatite are all used for bone-tissue
engineering [6]. However, such materials are limited by their brittle nature. Synthetic polymers such as poly(lactic acid)
(PLA) and poly (lactide-co-glycolide) (PLGA) are biocompatible used in combination with such ceramics to improve
the bioactivity and mechanical properties [6]. For example, PLA/collagen/hydroxyapatite (HA) composite showed a
similar elastic modulus to bone as well as good osteoblast adhesion, proliferation and bone formation in a segmental
bone rabbit defect [7, 8]. Natural polymers have also been incorporated into nancomposites with ceramics and shown to
positively influence cell adhesion and function [9]. Gelatin and HA demonstrated good MSC adhesion and an elastic
modulus  similar  to  bone  [9].  Key  issues  when  making  inorganic/organic  composites  is  the  dispersion  of  the
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nanoparticles  within  the  scaffold  with  different  approaches  including  mixing  the  particles  in  polymer  solution.
However, mixing the nanoparticles with other materials can create problems with agglomeration and so is under current
exploration [10].

Other than in combination with scaffolds, nanoparticles offer several other uses to improve bone and tissue engineering.
Nanoparticles can be used for labelling of stem cells to observe stem cell behaviour or direct cell to certain locations
within the body. For example, magnetic based nanoparticles have been used to track stem cells when placed in vivo
[11]. Furthermore, labelling of MSCs with nanoparticles can home cells to desired tissue by conjugating them with
antibodies [12]. Further research aims to completely understand balancing the toxicity and effect of the nanoparticles
and understanding their activity and life time in vivo.

Carbon nanotubes are another dimension of nanotechnology that shows promise for tissue engineering of cartilage and
bone [13]. Carbon nanotubes are single or rolled multiple graphene sheets that form single or multi walled nanotubes
[13].  The  advantages  of  such  scaffolds  include  the  high  surface  area-to-volume  ratio  with  excellent  electronic,
mechanical and thermal properties [13]. CNTS have been explored in terms of being mixed with other materials or by
functionalising different surfaces [13]. For bone tissue engineering this could be useful by reinforcing biomaterials to
improve the scaffolds ability to substitute hard tissues [13]. Carbon nanotubes also holds promised to act as biosensors
or for delivery of molecular signals for tissue replacement [13]. Further work, will be to fully understand the effect on
cell function and ability for tissue regeneration.

Another approach to manipulate and enhance tissue regeneration is to create nano sized topographies on the surfaces. It
has been shown that nano-scale surface modifications can influence cell behaviour, improving regenerative outcomes
[14].  Topographies  include  imparting  grooves,  ridges,  wells,  islands  or  pits  on  materials  surfaces  to  modify  cell
morphologies and protein adsorption to influence cell proliferation and differentiation [14]. A seminal paper by Dalby
et al demonstrated that the order of pits effected the osteogenic differentiation of hMSCs [15]. Future work in this area
of research will explore the shape and size of the topographic feature that can reliably influence specific proteins and
cell responses expanding the impact of surface topography.

Although  nanomaterials  offer  a  considerable  step  forward  to  enhancing  musculoskeletal  regeneration,  there  is  still
progress to be made to advance nanotechnology in the field of bone and cartilage regeneration. Although implementing
nanotopographies into scaffold manufacture has enhanced cell survival and osteogenic and chondrogenic differentiation
of MSCs, further understanding into the surface interphase is required before nanoscaled scaffolds can be tailored to
complex skeletal defects at different anatomical sites [2]. Further understanding into the effect of surface roughness,
chemistry and nanoscale featues on cell behaviours is required [2]. For nanotechnology to have the greatest impact on
musculoskeletal regeneration fields of material science, biology, engineering and surgery will need to combine to create
meaningful strategies for the restoration of bone and cartilage defects [2].
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