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Review Article

ABSTRACT

Musculoskeletal diseases affect millions of people worldwide and are one of the leading causes of
long-term pain and physical disability. Traditional treatment methods for promoting healing and
repair has always been consider gold standard, But the emergence of new therapeutic approaches
aims to regenerate or repair musculoskeletal tissue. The recognition of a regenerative therapy in
orthopaedics requires the demonstration of new Bone, Cartilage, ligament, tendons, healing of soft
tissues injuries and Overuse conditions like plantar fasciitis or tennis elbow . Regenerative therapy
boosts the body’s ability to use its repair systems to heal diseased or damaged cells after a severe
injury, or other degenerative condition. A diversity of regenerative strategies have been evaluated,
including distraction osteogenesis, bone grafts and bone substitute materials, bone matrix proteins,
growth/differentiation factors, combined therapies and, more recently, tissue-engineering
approaches. This review aims to evaluate the current status of the therapies available and to
discuss the challenges that must be faced in order to achieve predictable orthopaedic regeneration
in clinical practice.
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1. INTRODUCTION

When injury occurs to muscular tissue and bone,
the body tries to heal itself i.e. the injury through
its own repair mechanisms. However, in some
situations (especially in areas where there is lack
of blood flow — such as inside and around the
joints), the body cannot heal itself adequately.
This can lead to continuing pain, disability and
swelling permanent damage of the joint. With the
concept of regenerative medicine, one can
understand the natural healing process of the
body or even “grow back” the damaged tissues.

Regeneration is defined as the reconstruction or
reproduction of a lost or injured part in such a
way that the architecture and function of the lost
or injured tissues are completely restored.

Regenerative medicine is the emerging branch of
medicine that tries to change and interfere with
the course of chronic diseases. This branch has
quickly become one of the promising treatment
options for the patients with long-standing and
non-healing tissues failures.

The field of orthopaedic surgery and
traumatology has established significantly in the
last century with the emergence of new surgical
approaches, devices and products. Despite
these advances there are still many pathological
conditions of the musculoskeletal system as a
result of congenital deformity, disease, injury or
malignant process that are very difficult to treat
by available standard therapeutic techniques and
these often leads to unsatisfactory results.

To understand and manage such issues,
regenerative medicine and tissue engineering
has emerged as an important field of research
and is paving the way for new developments in
this zone.

In general, regenerative medicine provides
promising approaches for successful repair or
replacement of damaged tissues [1].

The objective of regenerative treatments in
orthopaedics is to either encourage the
regeneration of healthy tissue at the site of injury
itself or grow new tissue outside the body (in a
bioreactor, for instance) for implantation into the
defect site at a later date.

Regenerative medicine has shown great
potential for the effective treatment of various

disabling orthopaedic disorders. Major research
is going on bone healing, where various
osteoconductive molecules, stem cells, gene
therapies have shown possibly beneficial role.
Genetic disorders like osteogenesis imperfecta
are also being explored for an effective cure
through regenerative medicine. Regenerative
medicine has also shown a capable future
treatment modality for spinal cord injury. Various
inflammatory disorders like osteoarthritis and
rheumatoid arthritis can also be treated through
regenerative medicine. A significant opportunity
exists to improve the cancer therapy beyond the
capabilities of traditional cancer treatments such
as chemotherapy and radiation.

Regenerative medicine is re-shaping these new
therapies through the integration of its gene

therapy, small molecule drug discovery and

protein therapeutic capabilities.

2. HISTORY OF ORTHOPAEDIC
REGENERATION

The development of metallic engineering in the
last century produced various biocompatible
alloys including stainless steel, cobalt chrome
and titanium, which revolutionized fracture care.
But due to marked difference in elasticity as
compared to bone and ligaments, they can cause
nonunion, pseudoartherosis and hypersensitivity.

Back in the 1950s, Professor Sir Charnley, a
pioneer British orthopaedic surgeon, stated that
‘practically all classical operations of surgery
have now been explored, and unless some
revolutionary discovery is made which will put the
control of osteogenesis in the surgeon’s power,
no great advance is likely to come from
modification of their detail’ [2]. Since that time,
the understanding of regeneration at cellular and
molecular level has advanced immensely and
still going on. The concept of orthopaedics
regeneration came forward in the year 2000.

Regeneration of the skeletal system similar to
many other organs requires a morphogenetic
signals, mesenchymal cells and matrices or
scaffolds. Besides, mechanical stimuli are of
additional importance as they believe to induce
morphogenic signals.

In the past, major efforts were expanded in
developing traditional tissue  engineering
technologies for growing new tissue extra
corporally before implantation. These usually
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involved harvesting autologous cells from the
patient, expanding them in culture, seeding them
onto a scaffold, and incubating them in a
bioreactor. Considerable success has been
logged by this approach [3]. There is increasing
interest in the use of technologies that do not
require ex-vivo cultivation of autologous cells for
each patient or more than one invasive
procedure. This can be achieved with allograft
cells, rapid isolation and manipulation techniques
that can be used intraoperatively, or by provoking
and facilitating endogenous repair processes [4].

3. BONE REGENERATION

Bone regeneration comprises of a well-
orchestrated series of biological events of
osseous induction and formation involving
numerous cell types, intracellular and
extracellular molecular signalling pathways with a
definable temporal and spatial sequence, in an

effort to optimise the skeletal repair and restore
skeletal function [5].

Standard approaches widely used in clinical
practice to augment bone regeneration includes
distraction osteogenesis and the use of a number
of different bone-grafting methods, such as
autologous bone grafts, allografts, and bone-graft
substitutes or growth factors [6].

During distraction osteogenesis, bone
regeneration is induced between the gradually
distracted osseous surfaces. A variety of
methods are currently used to treat bone loss or
limb-length  discrepancies and deformities,
including Rail fixators and the llizarov technique,
combined undreamed intramedullary nails with
external monorail distraction devices, or
intramedullary lengthening devices. However,
these methods are technically challenging and
have several disadvantages.

Bone grafting is a commonly performed surgical
procedure to augment bone regeneration in a
variety of orthopaedic and maxillofacial
procedures, with autologous bone being
considered as the ‘gold standard’ bone-grafting
material, as it combines all properties required in
a bone graft material: osteoinduction, bone
morphogenetic proteins (BMPs) and other growth
factors, osteogenesis (osteoprogenitor cells) and
osteoconduction (scaffold) [7]. It can also be
harvested as a ftricortical graft for structural
support, or as a vascularised bone graft for
restoration of large bone defects or avascular
necrosis.

Bone-graft substitutes have also been developed
as alternatives to autologous or allogeneic bone
grafts. They consist of scaffolds made of
synthetic or natural biomaterials that promote the
migration, proliferation and differentiation of bone
cells for bone regeneration. A wide range of
biomaterials and synthetic bone substitutes are
currently used as scaffolds, including collagen,
hydroxyapatite(HA), b-tricalcium phosphate (b-
TCP) and calcium-phosphate cements, and glass
ceramics [8], and the research into this field is
still on-going. Specifically for reconstruction of
large bone defects, for which there is a need for
a substantial structural scaffold, an alternative to
massive cortical autograft or allografts is the use
of cylindrical metallic or titanium mesh cages as
a scaffold combined with cancellous bone
allograft, DBM or autologous bone. Though these
grafts are providing good results still they have
many disadvantages.

4. BMPs AND
FACTORS

OTHER GROWTH

With improved understanding of fracture healing
and bone regeneration at the molecular level,
various key molecules regulating this complex
physiological process have been identified, and
are already in clinical use or under investigation
to enhance bone repair. Of these molecules,
BMPs so far have been the most extensively
studied, as they are potent osteoinductive
factors. They induce the mitogenesis of
mesenchymal stem cells (MSCs) and other
osteoprogenitors, and their differentiation
towards osteoblasts. Since the discovery of
BMPs, a number of experimental and clinical
trials have supported the safety and efficacy of
their use as osteoinductive bone-graft substitutes
for bone regeneration. With the use of
recombinant DNA technology, BMP-2 and BMP-
7 have been licensed for the clinical use since
2002 and 2001 respectively [9].

These two molecules have been used in a
variety of clinical conditions including non-union,
open fractures, joint fusions, aseptic bone
necrosis and critical bone defects.’ Extensive
research is still going on to develop injectable
formulations for minimally invasive application,
and novel carriers for the prolonged and targeted
local delivery .

Other growth factors besides BMPs that have
been implicated during the bone regeneration are
platelet-derived growth factor (PDGF),
transforming growth factor- b (TGF-b), insulin-like
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growth factor-1 (IGF -1), vascular endothelial
growth factor and fibroblast growth factor [10].
These have been used either alone or in
combinations in a number of in-vitro and in-vivo
studies with controversial results.

One current approach to enhance bone
regeneration and soft-tissue healing by local
application of growth factors is the use of
platelet-rich plasma, a volume of the plasma
fraction of autologous blood with platelet
concentrations above baseline, which is rich in
many of the above-mentioned molecules.
Platelets contain hundreds of proteins called
growth factors,(TGF, PDGF, IGFetc.) which are
very important in healing injuries.

PRP procedures are conducted in the clinics
unless it is being used as an addition to a
surgical procedure. It begins with a standard
blood withdraw from a patient, where we
withdraw 15 millilitres of blood. PRP is then
prepared by separating the platelets from other
blood cells and increasing their concentration in
a process called centrifugation. The use of
ultrasound is important as it allows in placement
of PRP [11].

'Orthobiologics’ and the overall concept to
stimulate the local ‘biology’ by applying growth
factors (especially BMPs, because these are the
most potent osteoinductive molecules) which
could be advantageous for bone regeneration or
even for acceleration of normal bone healing to
reduce the length of fracture treatment. Their
clinical use, either alone or combined with bone
grafts, is constantly increasing. However, there
are several issues about their use, including
safety (because of the supra-physiological
concentrations of growth factors needed to
obtain the desired osteoinductive effects An
adequate supply of cells (MSCs and
osteoprogenitors) is important for efficient bone
regeneration. The current approach of delivering
osteogenic cells directly to the regeneration site
includes use of bone-marrow aspirate from the
iliac crest, which also contains growth factors. It
is a minimally invasive procedure to enhance
bone repair, and produces satisfactory results.

Cell-based approaches for regenerating bone
also have a substantial history. The clinical use
of unfractionated autologous bone marrow as a
source of osteoprogenitors goes back more than
20 years. Hernigou et al. improved the efficiency
of the procedure by enriching for MSCs with a
cell sorter. Their data suggests that the injection
of a minimum average of approximately 55,000

osteoprogenitors is required to achieve union.
Harvesting of these cells may be aided by the
development of improved recovery devices, such
as the “reamer-irrigator-aspirator” [12]. The cells
recovered by this device have proved to be
successful clinically as adjuncts to the healing of
difficult nonunions and segmental defects.
Osteonecrosis has also been treated clinically
with marrow-derived MSCs, or the stromal
vascular fraction of fat. The MSC content of the
marrow aspirates were measured, and better
outcomes were associated with the
administration of larger numbers of progenitor
cells. Considerable emphasis is being placed on
the use of MSCs to repair large segmental
defects. Studies shows promising results in
animal models.

In a related craniofacial application, autologous
MSCs derived from adipose tissue were used
successfully to repair calvarial defects in a 7-
year-old child. Perhaps the most striking example
of successful bone regeneration concerns
regeneration of the entire distal phalanx of
the human thumb [13]. This was achieved
by implanting autologous, expanded
osteoprogenitors from the patient's periosteum
loaded onto a coral (porous hydroxyapatite)
scaffold.

An additional type of biological osteogenic
membrane was discovered by accident. After
surgeons remove large segments of bone, they
will sometimes implant an inert spacer until the
time of subsequent reconstructive surgery.
Masquelet and Begue [14] noted that the spacers
became surrounded by highly osteogenic
membranes, which are now used to aid the
regeneration of difficult, large osseous defects.
Their high osteoinductivity may reflect a unique
combination of osteogenic cells and potent
osteogenic factors.

Another innovative approach under development
is the use of matrix laid down by MSCs as they
undergo osteogenesis in-vitro. After devitalizing,
the matrix is combined with MSCs that have
been treated with an inducer of osteogenesis.
Implantation of such a construct showed great
efficacy in healing a murine calvarial defect.

Gene transfer offers an elegant way to combine
cell therapy with the delivery of growth factors.
As pioneered by Lieberman’s group, marrow
MSCs can be genetically modified with
recombinant adenovirus vectors to express large
amounts of BMP-2, thereby becoming potent
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osteogenic cells when implanted into a defect. To
expedite this strategy, this team now uses
lentivirus vectors combined with buffy coat cells
that can be isolated and transduced
intraoperatively. Other gene therapy approaches
includes the direct injection of vectors carrying
osteogenic genes and the combination of vectors
[15,16]. Gene transfer technologies can also
deliver inhibitory RNA molecules; knockdown of
chordin and noggin, two inhibitors of BMPs,
enhances the osteogenic differentiation of MSCs.

Bone is formed physiologically by 2 different
routes- direct or intramembranous osteogenesis

occurs when osteoprogenitors differentiate
directly into osteoblasts. Endochondral
ossification occurs via a cartilaginous

intermediate that is replaced by bone. Strategies
for the regeneration of bone have tended to
focus on the former, which has to confront the
early need for a blood supply; thus explaining
why vascular endothelial growth factor is a
favoured growth factor in many studies.

However, it has proved difficult to engineer an
effective vascular supply for regenerating bone.
Under these conditions, the endochondral route
is attractive because it relieves the physician of
the need to provide a blood supply.
Chondrogenesis does not require angiogenesis,
and the biology of endochondral ossification
supplies angiogenic signals spontaneously as
the process evolves. Much recent attention is
thus focused on the endochondral route to bone
regeneration, especially as chondrogenesis is
favoured by the hypoxic, acidotic conditions of
major lesions. It may be particularly useful in
regenerating bone at sites such as the diaphysis
of long bones, where the endochondral process
is the normal route of healing.

As noted, mechanical signals are important for
osteogenesis, and clinical research has
confirmed that a certain level of micromotion
promotes fracture healing. The concept of
dynamization has also proved attractive,
whereby bones are fixed rigidly to initiate healing
and then are allowed axial motion to promote
maturation and remodelling. Bone regeneration
has been reviewed in several studies but still
research and optimal solution is in progress [17].

5. CARTILAGE REGENERATION

Cartilage is frequently damaged as a result of
sporting injuries or other trauma and is eroded in
joints with arthritis. Damaged cartilage often
leads to joint pain and can predispose to

osteoarthritis (OA). Cartilage repair is indicated
for symptomatic, but otherwise healthy, joints. It
is normally seen in sports persons. Repair is not
normally attempted in arthritic joints because of
the size and nature of the lesions and recognition
that the concomitant disease process could
impair restoration of cartilage. Strategies for
articular cartilage regeneration may differ
depending on whether the lesion is restricted to
the cartilage itself or penetrates the underlying
bone to form an osteochondral lesion. Unlike
bone, articular cartilage has almost no intrinsic
ability to regenerate. The lack of a repair process
is usually ascribed to the low cellularity of
cartilage and the absence of blood, lymph, or
neural innervation.

One way to obviate this is to allow
communication between the cartilaginous defect
and the underlying marrow by piercing the
subchondral bone. A clot forms where MSCs
from the marrow differentiate and synthesize
cartilaginous repair tissue. A simple arthroscopic
procedure, such as microfracture, is often
clinically effective, especially for lesions smaller
than 2 cm, although the repair tissue is a
fibrocartilaginous scar rather than true hyaline
cartilage. The major reasons for failure are the
inferior mechanical properties of the repair tissue
and bone invasion. In an alternative clinical
procedure, healthy cartilage is harvested from a
non weight-bearing part of the joint as a source
of autologous chondrocytes. These autologous
chondrocytes are expanded in monolayer culture
and, in the original ACI method, are reimplanted
as a suspension under a flap of periosteum or
fibrin glue.

Despite the phenotypic modulation of the
chondrocytes during serial monolayer passage
and the absence of a scaffold, this procedure is
surprisingly effective and produces a clinical
response arguably equivalent to microfracture
and suitable for larger defects [18].
Improvements in the technology include using a
collagen flap to replace the need for periosteum
and seeding the chondrocytes onto a collagen
scaffold before implantation in a procedure
known as matrix associated chondrocyte
implantation. Selection of the most chondrogenic
cells before implantation may also improve
outcomes. The major disadvantages of ACI are
the need for two invasive procedures and the
extensive expansion of cells for each patient.

The use of stem cells to generate a suitable
matrix for repair has gained recent popularity
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with the use of marrow stromal stem cells and
perichondrial / periosteal progenitors most
commonly employed in Cartilage repair.

Mesenchymal stem cells provide an attractive
alternative to chondrocytes. Marrow-derived
MSCs undergo chondrogenesis in vitro in
response to TGF-b, but there is a concern that
they will undergo further differentiation to
osteoblasts, leading to the formation of bone
where there should be cartilage.

Because cartilage is a highly hydrated tissue,
many of the scaffolds being developed for
cartilage repair are hydrogels. Materials include
fibrin, hyaluronic acid, collagen, chitosan, silk,
alginate, and synthetic polymers, such as
polylactic acid (PLA) and polyglycolic acid.
Newer hydrogels are based on polyethylene
glycol, self-assembling peptides, and electrospun
nanofibers.

Another scaffold of interest is devitalized
cartilage, whose investigation is encouraged by
the successful regeneration of a trachea, an
organ that contains articular cartilage, from
devitalized donor tissue. Another approach
dispenses with matrices altogether and instead
allows chondrocytes in culture to develop their
own extracellular matrices, creating implantable
grafts [19].

Biological and mechanical integration of
engineered cartilage grafts in articular cartilage is
problematic, exacerbated by the fact that, unlike
bone, articular cartilage does not remodel rapidly
or extensively. One strategy for improving
biological integration involves local digestion of
the surrounding cartilage using enzymes or
catabolic cytokines. Mechanical integration may
be helped by recent research suggesting that
exposure of neocartilage to a combination of
fibroblast growth factor-2 and TGF-b promotes
rapid maturation with enhanced mechanical
properties [20]. Another approach subjects
chondrocytes to hydrostatic pressure in a
bioreactor to accelerate maturation before
implantation [21].

Rather than implant rigid, preformed tissue
grafts, there is interest in applying soluble
materials that can take on the shape of the
defect and then solidify in situ. This leads to
greater filing of the defect and enhanced
integration with surrounding cartilage. One
approach uses a hyaluronan-based polymer that
is liquid at room temperature and solidifies at
body temperature [22].
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Gene therapy could also be used in conjunction
with MSCs from various sources.

As the field of cartilage regeneration develops, it
confronts the need to restore very large lesions
or even resurface entire joints. Repair of cartilage
defects in OA is more challenging because there
is a concomitant disease process creating an
unfavourable repair environment that marrow-
derived MSCs from individuals with OA are
intrinsically less chondrogenic. One approach to
regenerating cartilage in joints with OA, already
in clinical trials (gov.in identifier NCT01671072),
involves the intra-articular injection of genetically
modified allogeneic chondrocytes expressing
elevated amounts of TGF [23].

The influences of mechanical forces on
chondrogenesis are widely appreciated but
incompletely understood. Recent data suggest
that shear forces are important in this regard,
promoting the endogenous production of TGF-b.
These are the sorts of forces that could be
produced by a modified continual passive motion
machine of the type already used in rehabilitation
after knee surgery [24].

Strategies are being developed to deliver
appropriate bioactive factors that may optimize
this regenerative process. These involve either
direct delivery of the factors or delivery of the
transgene coding for the factors. Cartilage tissue
engineering is another promising approach of
regenerative medicine to tackle this problem

6. SPINE REGENERATION

Intervertebral Disc degeneration. The
intervertebral disk (IVD) is a major load-bearing
structure of the spine, and its degeneration is
associated with back pain. It is currently treated
surgically by removing the degenerate disk and
fusing the adjacent vertebrae, often using BMP-2
to enhance the process. Prosthetic disks have
been developed but are not a clinical success.
Attempts to regenerate the disk have to
accommodate the anatomy of the disk, where a
highly hydrated, gelatinous nucleus pulposus
exists in a fibrous, collagenous annulus fibrosus.
These 2 structures differ considerably in biology
and mechanical properties. Attempts to
regenerate the nucleus pulposus by the intra-
discal injection of growth factors has met with
some success in animal models, and the FDA
has given permission for clinical trials using
BMP-7 and growth differentiation factor (GDF)-5
(also BMP-14) in this manner [25]. Recognizing
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the probably transient effect of injected growth
factors, there is interest in using gene transfer to
provide sustained delivery. Because the disk is
so physiologically isolated and cell turnover is
low, it is possible to obtain remarkably long
periods of transgene expression, even using
highly antigenic vectors, such as adenovirus. Cell
therapy is attractive because IVD degeneration is
associated with cell death; disk cells and MSCs
have been evaluated in this regard. Because the
nucleus pulposus of the disc is highly acidotic
and hypoxic, there are concerns about the
survival of transplanted cells. Preconditioning
has been suggested to prepare cells for this
environment and to help engraftment. In a small
clinical trial, suspensions of autologous,
expanded, nucleus pulposus cells were injected
into disks after surgery for disc prolapsed [26].

The discovery of progenitor cells in the disc adds
new possibilities for this type of therapy.

One impediment to research into cellular
therapies for IVD regeneration is the lack of good
markers for the relevant disk cells. Survival and
function of cells could be aided by a suitable
scaffold, and a variety of hydrogels based on
chitosan, hyaluronan, alginate, cellulose, and
composites of collagen/ hyaluronan and
chondroitin sulfate have been investigated. The
annulus fibrosus has much greater tensile
strength, and materials explored in annulus
regeneration include PLA, poly(1,8- octanediol
malate), gelatin, silk, and polycaprolactonetriol
malate. Electrospun PLA has been examined as
a way of forming the alternating lamellar
structure of the annulus. IVD degeneration is
associated with calcification of end plates, which
limits diffusion. Another limitation to progress in
this area is the lack of good models and clinical
trials [27].

Spinal fusion- spinal fusion is a commonly
performed yet often unsuccessful procedure.
Strategies to enhance spinal fusion include use
of extracted and partially purified proteins
including BMPs, recombinant BMP-2 & 7 and
gene therapy i.e. delivery of gene or
osteoinductive factor itself.

Spinal cord injury-Ability of stem cells to
incorporate into the spinal cord, differentiate and
to improve locomotor recovery. Stem cells have
the ability to remyelinate the demyelinated
injured neurons. SCs have neurotrophic, ECM,
and cell adhesion properties that are favourable
to axonal regeneration in the peripheral nervous
system [28].

7. MENISCUS REGENERATION

The menisci are responsible for load
transmission through the knee and are frequently
injured. At one time, it was common to remove
the offending menisci; realization that this
predisposed to OA spurred efforts to repair or
regenerate menisci. The outer third of the
meniscus (the red zone) is attached to the
synovium and has a blood supply, providing it
with some potential for repair. The inner two-
thirds (the white zone) lacks a blood supply and
cannot regenerate.

There are three main methods of modern
surgical management of meniscus tears:
arthroscopic partial meniscectomy; meniscal
repair with or without augmentation techniques;
and meniscal reconstruction. The enthusiastic
evolution of meniscus surgery has seen a great
change from interest in repair in the 1800s to
total resection in the 1970s, and finally to
protection, or reconstruction if resected, from the
1990s to the present day [29].

The rapid developments in cell biology and tissue
engineering will advance new alternative
biological methods in the treatment of meniscal
tears in the future.

8. MENISCI SCAFFOLDS [30,31]

Highly porous, cell-free, and biodegradable
meniscal scaffolds are used to fill the defect in
the previously partially-resected meniscus and to
develop the meniscal tissue by allowing
migration and growth of vascular channels and
precursor cells into the scaffold.

In clinical practice, there are two main types of
meniscal scaffolds: the Collagen Meniscus
Implant (CMI) and polyurethane-based scaffold.
The indications and surgical techniques are
similar for these two implants. These procedures
can be performed arthroscopically, Currently, it is
concluded that the mid-term survival rate of
scaffolds is favourable compared with meniscal
repair. In conclusion, the chondroprotective
effects of these implants are still controversial,
and long-term higher level of evidence
comparative studies are required to clarify the
clinical efficacy of these implants.

9. MAT

MAT (menisci allograft  transplantation)
procedure is not actually a new concept. The
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interposition arthroplasty with autogenic fat pad
was first reported at the beginning of the 1900s
[26]. Since the more recent performance of MAT
by Wirth in the 1980s, the MAT procedure has
evolved to be what it is now; an increasingly
performed, safe, reliable and highly specialized
knee procedure, rather than an experimental or
investigational surgery in patients whose
meniscus is lost for any reason, and who have
refractory persistent symptoms [32].

Currently, the MAT can be performed as an open
procedure or arthroscopically in carefully
selected patients by experienced surgeons. The
malalignment, instability and limb length
inequality of the patients must be corrected
beforehand or concomitantly. Among four
storage methods of meniscal allografts (fresh
viable, fresh-frozen, cryopreserved and
lyophilized), fresh viable and fresh-frozen
allograft are recommended [33]. The optimal-
sized allograft, according to the MRI or
radiological knee films of the patient, can be fixed
with or without bone plugs or block. In order to
obtain conclusive results regarding the relative
technical and clinical superiority, the relevant
literature requires comparative studies, involving
higher number of patients and longer follow-up
periods.

10. LIGAMENT
REGENERATION

AND TENDON

Although ligaments and tendons are different
tissues, they have a high incidence of injuries
and usually lead to instability and loss of function
with surgical intervention, the grafts (e.g. in ACL
reconstruction) are gradually replaced by scar
tissue which is of mechanical inferior quality. In
case of tendon injuries, problem of healing as
well as complication of adhesion development is
also there. Regenerative medicine aims to
potentiate the healing of natural ligaments and
tendons with a more biologic plausible tissue and
to prevent the above complications. Most
preclinical research in this area uses injuries to
the anterior cruciate ligament, Achilles tendon, or
rotator cuff as experimental models. Two types of
regenerative requirements exist, depending on
whether the need is to regenerate tissue in the
centre of the structure or in the insertion site to
the bone or tendon muscle junction. The former
is simplified by the relative homogeneity of the
surrounding tissue, whereas the insertion and
junction sites are complex, multi tissue graded
entities [34].

Because ligaments and tendons are collagenous,
there is much interest in using growth factors that
promote collagen synthesis, including TGF-b,
PDGF, and insulin-like growth factors, as well as
autologous conditioned serum and the ubiquitous
PRP. Bone morphogenetic proteins-12, -13, and
-14 (GDF-7, GDF-6, andGDF-5) [35] and the
transcription factor scleraxis are of particular
interest because they promote the differentiation
of progenitor cells into tenocytes and ligament
cells. Because scleraxis is an intracellular
protein, gene transfer is a useful modality for its
delivery that has been used successfully to
promote tendogenesis in vitro [36]. Most cell-
based approaches to regeneration have adopted
ex vivo strategies using tenocytes, ligament cells,
and skin fibroblasts. However, tendons and
ligaments have been found to possess local
populations of stem cells, raising the possibility of
stimulating endogenous repair processes [37].
Collagen, synthetic polymers such as poly(lactic-
co-glyocolic acid),and devitalized extracellular
matrix preparations are frequently the scaffold of
choice. Mechanical forces are important in the
formation and maturation of ligament and tendon;
tensile stress, for example, up-regulates the
expression of scleraxis by MSCs. There is
interest in  harnessing mechanobiological
processes to regenerate the region where tendon
or ligament inserts into bone. This task is
challenging because the area includes
fibrocartilaginous  intermediary  zone.  An
alternative approach uses multiphasic scaffolds
containing multiple cell types. In one example,
scaffold was seeded with ligament cells at one
end, osteoblasts at the other, and chondrocytes
in between [38]. A more practical approach may
be to use a single progenitor cell type and induce
zone-specific differentiation by spatial differences
in the matrix [39]. Ma et al1 recently engineered
a scaffold free, bone-ligament-bone anterior
cruciate ligament graft in vitro using marrow-
derived.

11. CONCLUSION

Unlike the case with the other tissues, there have
been no major clinical trials adopting the
strategies of regenerative orthopaedics for
healing ligaments and tendons. Hence it can be
concluded that Biomaterials used in orthopedics
regeneration include inorganic  materials,
polymeric materials and composites. While
inorganic biomaterials are components used for
bone regeneration due to their similar
compositional and  mechanical property,
polymeric biomaterials are used for soft tissues
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regeneration. The combination of inorganic and
polymeric materials is used fabricate biomimetic
scaffolds for tissues regeneration. To provide an
ECM-mimicking microenvironment, biomimetic
nanofibrous and multilayer scaffolds have been
developed for orthopedics tissue regeneration in
recent years. A few studies have been attempted
to regenerate orthopedic tissues in Human trials,
but achieved limited success. Despite all these
challenges, orthopedic regeneration is an
exciting and rapidly growing field. The advances
of this field provide the promising potential to
improve the health of patients in the near future.
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