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INTRODUCTION

The treatment of bony defects and bone healing disorders
represents one of the biggest challenges in orthopedics and trauma surgery.

In order to gain sufficient bone material,
previously established operative procedures involved :
the transplantation of autogenous or allogenic bone
the additional use of bone substitution materials

In contrast to the osteoconductive bone substitution materials
(allogenic bone, different synthetic/natural biomaterials),
recombinant growth factors from the group of bone morphogenic proteins (BMPs)
induce the formation of new bone

Their possible mechanism of action is via
local activation of mesenchymal precursor cells.



In animal experiments, the direct transplantation of
mesenchymal precursor cells leads to osteoinduction.

Clinical results of transplantations of precursor cells in patients with
necrosis of the femoral head,
non-unions or other bone healing disturbances
have shown the first promising results.

So far cell-based therapies for bone regeneration
have only propagated to a limited extent due to
the considerable logistical time and effort needed,
and the complicated legal constraints in many countries
with correspondingly high logistical requirements and exorbitant costs.



In the meantime, however,
approved autologous cellular preparation systems
are available for human use which allow
guantitatively relevant purification and concentration
of mononuclear cells from bone marrow aspirate
directly in the operating theater.

The objective of the present study is to record
complications and evaluate short-term clinical results in
patients in whom
Intra-operative autologous BMAC
with mesenchymal and hematopoietic precursor cells
Isolated by means of a density centrifugation procedure
were used.



STEM CELLS IN BONE HEALING

THE CURRENT STANDARD TREATMENT FOR
1. SIGNIFICANT FRACTURES

surgical fixation of the fracture
with hardware to stabilize the site of injury

2. BONE DEFECTS

bone allograft
have been used for over 50 yrs
to fill defects >5cm A
the failure of these graft can occur in up of
60% of patients at 10 yrs

Wheeler DL ,Enneking WF,
Allograft bone decreases in strenght in vivo over time
Clin Orthop Rel Res 2005, 435: 36-42



Bone science: fixing a fracture

Depending on the senousness of the break, the patient’s age
and other factors, normal bones can heal themselves in six
weeks to three months.

How normal bones heal
Stem celis turn into Bone-building cells New bone fills in

cartilage-forming cells, called osteoblasts lay  the break, becoming
creating a soft scaffold down mineral to stiffer and stronger
to bridge the break change to bone




Mesenchymal stem cells (MSCs) are nonhematopoietic
progenitor cells found in adult tissues. They posses an extensive proliferative ability in an uncommitted state and
hold the potential to differentiate along various lineages of mesenchymal origin in response to appropriate stimuli
(Chen et al., 2007).

Bone marrow is the most important source for MSCs
(Simmons, 1985, Brighton and Hunt, 1991, Glowacki, 1998).

However, MSCs have been also identified in different other tissues such as adipose,
periosteum, trabecular bone, synovium, skeletal muscle, dental pulp and
periodontal ligament
(Barry and Murphy, 2004, Ballini et al., 2007, Ballini et al., 2010)

Quiescent MSCs become mobilised during repair and remodelling through
regulation by external chemical and physical signals that control their
activation, proliferation, migration, differentiation and survival i.e. their fate
(Byrne, 2008).



http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B25
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B82
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B17
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B38
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B6
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B4
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B5
http://www.intechopen.com/books/theoretical-biomechanics/mechanobiology-of-fracture-healing-basic-principles-and-applications-in-orthodontics-and-orthopaedic#B19
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The initial proinflammatory
response of the haematoma
characterised by hypoxia and

low pH and involves several
Inflammatory cell types at the
fracture site.

IS

During the subsequent repair
process mesenchymal stem
cells
are recruited to the fracture
site by growth factors and
cytokines.

These cells mainly derive from
the periosteum , but are
likewise recruited systemically
and derive
from surrounding tissues
(eg, muscle).
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Beginning ingrowth of a
vascular network is important
for proper vascularisation of
the fracture gap.

Mesenchymal stem cells start
proliferating and differentiating
Into osteoblast lineages,
which build
woven bone
(collagen type 1), and
chondroblast lineages,
which build cartilage
(collagen type 2).

The final stage of remodelling

Ischaracterised by a balance
of hard callus resorption by

osteoclasts and lamellar bone

The right side of the figure lists available
clinical interventions, which target distinct
mechanisms during bone repair, disturbed

deposition by osteoblasts .
bone healing, and management of critical

bone defects .
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http://www.sciencedirect.com/science/article/pii/S1044532313000353

The physiological bone repair process is impaired in
Delayed or nonunion (NU) fractures and
aseptic bone necrosis(ON)

Although the physiopathological factors are different, in
both diseases, bone lesions
are not repaired in the right time
nor in the right manner.




SEVERAL METHODS COULD BE USED TO INCREASE MSCs POPULATION
AND ITS OSTEOGENIC DIFFERENTIATION IN THE PATHOLOGICAL AREA:

() alocal injection of bone marrow aspirates,

(i) a preliminary culture of the bone marrow aspirate

(i) a preliminary culture of the bone marrow aspirate to produce an expansion and

an osteogenic differentiation of the MSCs

(iv) a genetic modification of the injected MSCs to increase the secretion of growth
factors like BMP and VEGF [4, 5].



MSC differentiation in the specific track may be achieved as a result of
environment, mechanical stimulation, and GF present in the platelet gel,
able to stimulate cells toward osteogenesis and chondrogenesis.
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The potential of a multipotent cell may be considered not only
an intrinsic capability of the cell alone
but also the interaction between a cell with its physiologic niche
that provides a signaling network
(ie, the extracellular matrix, adhesion molecules, growth factors, cytokines, and
chemokines secreted by the resident cells)



Autologous bone marrow contains not only stem cells and precursor cells
as a source of regeneration tissue, but also accessory cells that support
angiogenesis and vasculogenesis by producing several growth factors.
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This suggests no cell selection and expansion
In the laboratory may be required (as with ACT), and consequently
the transplant can be performed in one operative procedure



Generally, in order to have a tissue regeneration we need:
- stem cells/ progenitor cells

- an appropriate extracellular matrix of support

- growth factors and other soluble proteins

Refering specifically to the bone and muscle-skeletal regeneration, on the strength of the evidences
above mentioned, we can notice that:

-inside the bone marrow there are different cellular population with regenerative

capabllity. In addition to the mesenchymal stem cells, the capability of generating mature
osteocytes has been noticed also in hematopoietic stem cells. Moreover there is the evidence of
the existence of a precursor common to the two lineages after the transplant. The contribuition to
the regeneration process, brought about the hematopoietic component (non-adhering cells),
seems to be numerically more consistent than the component given by the mesenchymal
component (adherent on plate).

-the adhesion cell to cell which takes place between medullar stem cells and
the support stromal component has a fundamental physiological role in order to
regulate its activity and the exploitation of the regenerative potential.

-this regulation of the stromal component can be explained by the production of

growth factors and other soluble molecules; moreover it is proved that other medullar
hematopoietic populations, for example megakaryocytes, produce soluble factors which have a
central role in the osteosynthesis process (osteopontin, osteonectin)

This, conclusively, supports the choice of using, in the clinical orthopedic practice, the
whole subset of medullar cells, in order to maintain unchanged and active the system of
reciprocal interaction in the bone marrow niche and to transfer the whole regenerative
potential present in single-nucleus cellular component of the bone marrow to the lesion site.



Moreover we have to consider

- the risk of cancerogenic aberration in the expansion step; a
proliferation induced for a long time is linked to a risk of gene
mutation accumulation which can lead to the transformation of
normal cell into cancer cell. In this way, it is safer to avoid the
expansion and transfer to the patient all the medullar cellular
population (including the ones which have the physiological
function of regulation in a negative way the proliferation of the
progenitor cells).

In addition to the consideration of scientific and biological
character, naturally we add the practical ones of feasibility:
-BMAC is an intraoperative procedure of only 15-20 minutes
-the cellular expansion needs time, equipment and
appropriate settings

- the expansion implies also the transfer of the withdrawn and
expanded (outside the operating theatre) cells, with all the
problems of biological safety and traceability of the product
which grow out.



The response of living tissue to injury forms the foundation of all surgical
practice:

1 All surgery results in tissue and cellular damage
1 The body's natural response to this injury is a series of regeneration and
remodeling steps collectively referred to as the "Healing Cascade"
1 The steps are initiated and controlled by bioactive proteins found in platelets,
plasma, and white blood cells
1 Cellular regeneration, remodeling, and proliferation required a combination of:
1 Scaffold (structure or matrix)
1 Undifferentiated Cells
9 Signal Proteins (platelets, plasma and white blood cells)
Increasing the concentration of the bioactive proteins acts as a catalyst for
accelerating the wound healing process and forms the foundation of tissue
engineering
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1. Platelet Gel Production

Prelevaresangue 120 mL of the patientds venous b
periferico  gand processed (SmartPR Harvest) in order to provide
6 mL of platelet-rich fibrin gel (APC)

Caricare il APC+

. : Centrifugare Eliminare Recuperare
campione di sangue : - concentrato
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nella camera - piastrinico
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2,278,000
1,823,000

1,519,000
1,302,000
938,000

Growth Factors Derived from PRP (1300 x 10/ )

Mean (%) Increase Over Baseline

PDGF-AB 600%

TGF-R1 727%
VEGF 428%
EGF 550%

* Data on file. Results may vary.




2. Aspiration of Bone Marrow

A total of 60 mL of bone marrow aspirate is harvested from the anterior or posterior iliac
crest, with the patient positioned supine or prone and under spinal or general
anesthesia. The bone-marrow harvesting was performed with a marrow needle (size 11
G - 100 mm) inserted 3 cm deep into the marrow of the iliac crest. Five milliliters of bone
marrow was aspirated into a 20-mL plastic syringe that was internally coated with
calcium-heparin solution,
and the procedure was repeated, with several perforations made into different points in
the iliac crest through the same skin opening, until a total of 60 mL of bone marrow
aspirate was collected. The marrow was aspirated in small fractions from different points
to maximize the harvesting of the marrow stromal cells and to reduce dilution by
p 2ripheral blood (Fig. ).



