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PubMed
Stem cell 380,800
MSC 29,150
Osteoprogenitor cell        1,386

• BONE	is	in	a	CONTINUOUS	REGENERATION	process

• LIVING	TISSUE	to	augment	LIVING	TISSUE

• In	NONUNIONS	a	Decreased	number	of	MSCs	is	found

MSCs:	Applications
Allogenic	MSCs

Autogenic	Expanded	MSCs

Autogenic	BMAC

CELLULAR	BASED	
THERAPIES
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OSTEOGENIC - CELLS

scaffolds OSTEOCONDUCTIVE OSTEOINDUCTIVE stimulus

MECHANICAL 
ENVIRONMENT

VASCULARITY
HOST

MSC: 
Colony-forming, multipotential progenitor cells                         

able to form bone and cartilage in vivo

from A. Friedenstein, 1968

Culture-expanded MSC: 
Multipotential stromal cells

Clonogenicity Multipotentiality Phenotype

CD45-
CD14- or
CD11b-
CD19- or 
CD79a-
CD34
HLA-DR

CD73+
CD105+

Mark	Pittenger,
1999

ISCT	definition
2006

CD90+

Negative:

Positive:

Two approaches for Bone Repair with MSCs

1)	CULTURED	EXPANDED	MSCs 2)	MINIMALLY	MANIPULATED
ex	vivo	&	in	situ	MSCs

Unlimited	Numbers
Phenotypically	pure

2	procedures	&	
lengthy	expansion	3-4w
subject	to	in	vitro	aging
ATMPs	regulation

Limited	Numbers
depending	on	technique

depending	on	tissue	source

Minimal	loss	of	Native	
phenotype	&	functionality

Lower	regulatory	burden
Lower	cost

Cells	ready	for	use	within	
few	minutes	(single	stage)

Cuthbert	et	al,	PlosOne,	2016

not all MSCs are the same …
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Native MSC is not the same as cultured MSC

Ganguly	et	al,	Cell	Transplantation,	2017

Differences between In Vivo and In Vitro: 
Morphology, Proliferation, Gene &Protein expression

Jones	et	al,	
Arthritis	Rheum,	2002	and	2010

Churchman	et	al,	
Arthritis	Rheum,	2012

Factors affecting: 
Tissue specificity

Owston et	al,	in	preparation

Adipose Umbilical	cord Bone	Marrow Periosteum

Caplan, J Pathol 2009; 217: 318-324

Factors affecting: 
Age and Co-Morbidities

Factors affecting: 
Age and Co-Morbidities

El-Jawhari	et	al,	JBJS,	2017Stolzing,	Mech	Age	Dev,	2008

In	my	practice	…
in	vivo	minimally	manipulated	MSCs
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HOW ?BONE MARROW Aspirate

SUPINE, LATERAL, POSTERIOR
syringe rinsed with heparin
needle puncture – 2cm incision 
Turning 45° whilst coming to surface
small fractions of aspirate
centrifuge and re-implantation 

In	my	practice	…

OPEN	ISSUES

1) WHERE	FROM?

in	vivo	minimally	manipulated	MSCs
Vertebral	bodies

Tibia	/	Femur

Calcaneus

Sternum	

Prox	Humerus

OPEN	ISSUES

1) WHERE	FROM?

2) WHAT	IS	THE	MINIMUM	NUMBER	I	NEED	TO	IMPLANT?

In	my	practice	…
in	vivo	minimally	manipulated	MSCs

MINIMAL 
NUMBER OF 

MSC’S 
50,000???



5

Histology	results
Harvesting and concentration

Cuthbert et al, Cytotherapy, 2012 El-Jawhari et al, JBJS, 2017

OPEN	ISSUES

1) WHERE	FROM?

2) WHAT	IS	THE	MINIMUM	NUMBER	I	NEED	TO	IMPLANT?

3) HOW	TO	CONTAIN	THEM?

In	my	practice	…
in	vivo	minimally	manipulated	MSCs
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HOW	TO	CONTAIN	

the	INJECTED	VOLUME

Without	a	carrier	remains	a	problem
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39yoa	healthy	female
Car	crash	at	the	Balearic	Islands

Polytrauma
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POSTOP
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What	the	future	holds…
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• Biological	stimulation:	autologous	PRP,	BMPs	

• Bioactive	scaffolds	/	gene	modified	matrices	/	implantable	devices

• MSCs	quantity	and	quality

• MSCs	response	to	biomechanical	stimulation

Biological stimulation of MSCs in 
vivo: PRP quality
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OVERALL SUCCESS RATE 80%

MESENCHYMAL	TISSUE	PROGENITORS	– MSCs

from	bones	/	associated	tissue	

adherent	proliferative	fibroblastoid	cells

able	to	differentiate	to	bone	cell	phenotypes	

5-10 million cells per cc CANCELLOUS BONE

18 million cells per ml of BONE MARROW ASPIRATE
Osteoprogenitors 1/30,000 nucleated cells

600 Osteoprogenitors per ml of bone marrow aspirate

2,500 Osteoprogenitors per ml following 
concentration

Bone Marrow Aspirate Concentrate
In Vivo Minimally Manipulated MSCs


