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OSTEOARTHRITIS	(OA)	

•  Degenera(ve	process	of	joint’s	car(lage.	

•  Most	common	joint	disease	worldwide.	

	



	

•  No	effec(ve	or	cura(ve	treatment	of	disease	progression.	

•  Severe	cases	mostly	require	surgery	at	the	end.	

OSTEOARTHRITIS	(OA)	

	



Kellgren	and	Lawrence	System	for		
ClassificaHon	of	OsteoarthriHs 

•  A	common	method	of	classifying	the	severity	of	osteoarthri(s	(OA)	using	five	grades.		
Kellgren	J	&	Lawrence	J.	Radiological	Assessment	of	Osteo-Arthrosis.	Ann	Rheum	Dis.	1957;16(4):494-502.	



Kellgren	and	Lawrence	System	for		
ClassificaHon	of	OsteoarthriHs 

•  Osteoarthri(s	is	deemed	present	at	grade	2	although	of	minimal	severity.	
•  Grade	2	(minimal):	definite	osteophytes	and	possible	joint	space	narrowing	

minimal	 moderate	 severe	



•  Recently,	cell-based	therapies	have	emerged	as	possible	disease-modifying	treatments.		



•  Recently,	cell-based	therapies	have	emerged	as	possible	disease-modifying	treatments.		

•  Mesenchymal	stem	cells	(MSCs)	have	gained	popularity	due	to	their	regenera(ve,	an(-
inflammatory,	an(-apopto(c	and	an(-fibro(c	proper(es.	



•  Adipose-derived	stem	cells	(ASCs)	is	an	alterna(ve	to	bone	marrow-derived	
mesenchymal	stem	cells	(BMMSCs),	ASCs	can	be	isolated	from	subcutaneous	fat	(ssue	
more	easily	and	in	large	quan((es	up	to	1000	(mes	the	yield	of	bone	marrow	isola(on.	



•  These	ASCs	are	mul(potent	stromal	cells	and	must	have	the	ability	to	differen(ate	into;.	
•  osteoblasts,		
•  chondrocytes,		
•  adipocytes.	



•  However,	the	isola(on	of	MSCs	and	ASCs	may	require	mul(ple	weeks	and	special	
laboratories	for	cell	expansion.		



•  However,	the	isola(on	of	MSCs	and	ASCs	may	require	mul(ple	weeks	and	special	
laboratories	for	cell	expansion.		

•  A	more	efficient	method	for	collec(on	and	administra(on	of	ASCs	is	the	use	of	autologous	
stromal	vascular	frac(on	(SVF)	cells.		



•  SVF	processing	does	not	require	cell	expansion	or	cultiva(on.		

•  SVF	can	be	processed	at	the	bedside	within	a	few	hours.	
	

Jeyaraman	M,	Muthu	S,	Ganie	PA.	Does	the	Source	of	Mesenchymal	Stem	Cell	Have	an	Effect	in	the	Management	of	
OsteoarthriTs	of	the	Knee?	CarTlage	2021;	13:	AAAA1532-1547		



What is SVF? 
•  SVF	is	a	lipid-free	mixture	of	cell	
lineages	including;		

•  circula(ng	blood	cells,		
•  immune	cells		
•  fibroblasts,		
•  pericytes,		
•  endothelial	progenitor	cells,		
•  perivascular smooth muscle cells	
•  ASCs	and	growth	factors	

	



•  Four	non-	hematopoei(c,	abundant	cell	popula(ons	with	the	majority	of	pre-adipocyte	
popula(on	within	SVF.	

•  OXen	referred	to	as	Adipose	(ssue	derived	Stem	Cells	(ASCs).	

The	cellular	components	of	the	SVF		
Li	et	al.	Adipogenic	potenTal	of	adipose	stem	cell	
subpopulaTons.	Plast	Reconstr	Surg	2011;128:663–672.	



The	cellular	components	of	the	SVF		
Cuevas-Diaz	Duran	et	al.	Age-related	yield	of	adipose-
derived	stem	cells	bearing	the	low-affinity	nerve	
growth	factor	receptor.	Stem	Cells	Int	2013:372164.	

•  Do	not	follow	the	unique	paYern	of	MSC	surface	markers	(CD73,	CD90,	CD105	posi(ve	and	CD11b,	
CD14,	CD34,	CD45	nega(ve).	

•  Immunophenotype	could	be	detected	as	CD13+,	CD36+,	and	CD106-	as	well	as	variable	markers	
including	CD10,	CD26,	CD34,	CD44,	CD49d,	CD49e,	CD271	and	CD146.	



What is SVF? 
•  The	process	begins	with	liposuc(on	or	lipoaspira(on.		
	



What is SVF? 
•  AXer	collec(ng	and	washing	the	fat	(ssue,	there	are	either	mechanic	or	enzyma(c	
ways	to	obtain	Adipose-Derived	Stromal	Vascular	Frac(on	(AD-SVFs).	

	



What is SVF? 
•  SVF	is	typically	obtained	in	one	of	three	ways;		
1-	aXer	centrifuga(on	with	enzyma(c	diges(on	(usually	with	collagenase),		



What is SVF? 
•  SVF	is	typically	obtained	in	one	of	three	ways;		
2-	centrifuga(on	and	enzyma(c	diges(on	with	the	addi(on	of	mechanical	separa(on		
(by	a	size-reduc(on	filter),	



What is SVF? 
•  SVF	is	typically	obtained	in	one	of	three	ways;		
3-	centrifuga(on	and	mechanical	separa(on	alone.	
•  This	may	called	as	Micronized/Microfragmanted-SVF	(MAT-SVF)	

MAT	 MAT-SVF	



MAT	

MAT	



MAT	

MAT	 MAT	



What is SVF? 
• Mechanical	techniques		
•  low	differen(a(ve	capability,		
•  high	immunomodulatory	effect	
through	cytokines	and	growth	
factors	release,	

•  simple,	quick,	
•  generally	not	expensive.	
	

•  EnzymaHc	methods;	
•  high	ability	of	differen(a(on,	
•  higher	number	of	progenitor	
cells,	

•  more	nucleated	cells,		
•  more	expensive.		

Every	method	or	system,	clearly	holds	specific	advantages	and	disadvantages	



CLINIC TRIALS 
•  Mul(ple	studies	have	supported	the	use	
of	intraar(cular	SVF	injec(ons.	

•  Improvement	in	knee	OA	symptoms	
ranging	from	1	month	to	2	years	aXer	
SVF	injec(on,	without	an	increased	risk	
of	adverse	effects.		



•  80	pa(ents,	Grade	2–4	knee	OA		
•  42	pa(ents	(59	knees)	received	1.28	×	107	ADSCs,	
•  38	pa(ents	(69	knees)	received	a	5	mL	SVF	injec(on.		

Level	III	Cohort	Clinical	Trial	
Cultured	adipose-derived	stem	cells	and	non-cultured	SVF	
	

•  VAS	pain	score	and	KOOS	up	to	6	months	were	evaluated.		



•  SVFs	had	a	higher	frequency	of	knee	effusion	(8%	vs.%2),	
and	harvest	site	complica(ons	(34%	vs.	5%).		

•  In	the	ADSC	treated	group,	pain	VAS	and	KOOS	domains	
improved	by	3	months,	and	pain	VAS	decreased	by	55%	
compared	to	the	SVF	group	(44%).		



•  Both	groups	resulted	in	clinical	improvement;		
•  ADSCs	outperformed	SVF	in	the	early	reduc(on	of	
symptoms	and	pain	with	few	complica(ons.	



• Double-Blinded	Randomized	Study		

•  Intra-ArHcular	InjecHon	of	SVF	for	Knee	OA	Treatment	



•  39	pa(ents,		
•  40	-75	years	old	with	symptoma(c	knee	OA	

•  Treatment	groups;	
•  high-dose	SVF	(3.0	×	107	cells),		
•  low-dose	SVF	(1.5	×	107	cells),	
•  placebo	group	(zero	cells).		



WOMAC	Median	Percentage	Changes	
	6	Months	 12	Months	

High-dose	group	 				83.9%	 89,5%	
Low-dose	group	 											51.5%		 68,2%	
Plasebo	 											25.0%		

	
													0%	

High-dose	

Low-dose	

Placebo	



•  The	high-	and	low-dose	groups	had	sta(s(cally	significant	
changes	compared	with	the	placebo	group.		

•  The	improvements	were	dose-dependent.	

High-dose	

Low-dose	

Placebo	



•  Large	case-controlled,	mul(-centric	non-randomized	trial	
•  1128	pa(ents,	a	total	of	1856	joints.	



•  Safety	and	clinical	efficacy	of	SVFs	in	pa(ents	with	grade	
2–4	OA.	



•  Single	dose	intra-ar(cular	or	peri-ar(cular	injec(on.	
•  Follow-up	--->	up	to	54	months		

•  Modified	KOOS/HOOS	Clinical	Score	was	used	for	assessments	12	
months	post-treatment		



•  No	serious	side	effects.		

•  At	12	months;	
•  75%	improvement	was	recorded	in	63%	of	the	pa(ents,	
•  50%	improvement	in	91%	of	the	pa(ents.	

•  	Indicates	that	autologous	SVF	for	OA	is	safe	and	clinically	
effec(ve.	



•  16	pa(ents	(32	knees)	
•  Bilateral	knee	OA	(grade	II–III)	were	randomized	into	
two	groups.	

•  Single	dose	injec(on;	
•  SVF	--->	in	one	knee	joint	(test	knee,	n	=	16).		
•  HA	-->	contralateral	knee	(control	knee,	n	=	16).		

• Double-blind	randomized	self-controlled	trial	

•  Follow-up	at	1,	3,	6,	and	12-months	post-injec(on.		



•  The	SVF-treated	knees	showed	significantly	
improved	mean	scores	of;	

•  VAS,		
• WOMAC,	and		
•  range	of	mo(on	(ROM)	compared	to	
baseline	

•  The	HA	group	became	worse.		



•  MRI	measurements	for	car(lage	repair	(MOCART)	revealed	significant	improvements	in	
car(lage	repair	in	SVF-treated	knees.		

•  Adipose-derived	SVF	can	improve	funcHon	and	repair	carHlage	defects	of	knee	OA.	



•  2586	par(cipants,	

•  SVF	was	injected	into	the	affected	knee	or	
knees.	

•  Platelet-rich	plasma	(PRP)	was	added	in	some	
cases.	

Large-scale	prospec(ve	study	

•  Visual	acuity	pain	score	of	0	(no	pain)	-10	(worse	
pain)	for	(1)	at	rest,	(2)	standing,	(3)	walking,	
and	(4)	running.		



•  Overall	82%	improvement	by	autologous	SVF	applica(on.		

•  No	gender	differences	in	outcomes.	
•  No	difference	between	SVF	alone	and	SVF+PRP.	

•  Sta(s(cally	significant	func(onal	recoveries	from	pain	and	
mobility	within	1	to	2	years.		



•  29	pa(ents,	between	80-94	years	old.	
•  ~10%	of	the	pa(ents	were	at	grade	2,		
•  ~	50%	with	grade	3,	and		
•  ~	40%	with	grade	4	degenera(ons.		

	

•  Long-Term	Study		
•  Efficacy	of	SVF	for	knee	OA	



•  Pain	score,	number	of	analgesics/NSAIDs	per	week	
were	significantly	decreased	from	the	first-month	to	
36	months	post-SVF	therapy.		



•  Similar	results	were	obtained	on	limping,	joint	movement,	and	s(ffness.		
•  SVF	represents	an	important	tool	in	the	regenera(on	of	joints	in	elderly	
pa(ents.	



•  MAT-SVFs	were	injected	to	the	knees	of	20	
pa(ents.	



•  VAS	and	WOMAC	scores	3–18	months	post-injec(ons.		
All	paHents	had	improvement	in	pain	and	funcHonal	
recovery.	



•  Newly	formed	(ssues	were	visualized	by	
immunohistochemistry	(IHC)	staining	and	scanning	
electron	microscope	(SEM).	



•  MAT-SVFs	are	safe	for	knee	OA	and	could	
s(mulate	(ssue	regenera(on.	



•  20	pa(ents,		
•  40-80	years	old	with	late-stage	knee	OA,		

•  16	pa(ents	grade	IV,		
•  4	pa(ents	grade	III	

•  A	prospec(ve,	non-randomized	inves(ga(on		
•  Efficacy	of	intra-ar(cular	injec(on	of	Autologous	MAT	

•  Follow-up	(me	--->	12-months.	



•  3	pa(ents	(15%)	received	a	total	knee	replacement.	

•  17	pa(ents	(85%)	showed	a	significant	improvement	in	their	WOMAC	and	KOOS	scores.		

•  Depicts	a	posi(ve	effect	of	MAT	on	late-stage	knee	OA.		



Regulatory Challenges 

•  In	the	USA,	the	Cell	Therapy	Regulatory	Arm	of	the	Food	
and	Drug	Administra(on	(FDA)	currently	defines	SVF;	as	a	
drug,	and/or	biologic	product.	

•  FDA	currently	has	approved	MAT-SVF	obtained	and	
administered	at	the	point	of	care.	

•  When	SVF	products	are	used	for	non-adipose-related	
condi(ons,	the	user	must	follow	FDA	drug	regulatory	
standards.	



Regulatory Challenges 

•  In	Europe,	SVF	and	other	cellular	products	are	classified	as	
advanced	therapy	medicinal	products	(ATMPs)	and	strictly	
regulated	through	the	European	Medicines	Agency	(EMA).		

•  However,	the	Direc(ve	2004/23/EC	and	1394/2007	of	the	
EMA	lowered	the	bar	on	autologous	SVF	treatment	
conducted	in	the	same	surgical	procedure,	as	such	that	
essen(al	func(ons	of	cells	as	in	the	donor’s	adipose	(ssue	
are	preserved.	



Regulatory Challenges 

•  In	Turkey,	

•  It	is	the	same	as	the	regula(ons	of	the	European	
Parliament	and	the	Council	on	human	(ssues	and	
cells.	



Regulatory Challenges 

•  In	most	Asian	countries,	SVF	is	
considered	a	low-risk	therapy.		



Limitations 

•  No	gold	standard	protocol	for	SVF	

•  No	standard	dose,	strength,	and	purity		
•  Variabili(es	in	cell	counts,	propor(ons.	
•  Variabili(es	in	therapeu(c	dosages	and	outcomes.		

•  Majority	---->	preclinical	inves(ga(ons	and	case	reports	
•  Mostly	autologous	
•  Allogeneic	SVF	may	pose	serious	immune	challenges.	



Future Directions 

•  How	long	the	cells	stay	in	the	joint	to	exert	their	effects	?	

•  Different	adipose	depots	of	the	body	--->	SAME?	

•  Mechanically	versus	enzyma(cally	processed	SVF	
•  Regenera(ve	effect		
•  Importance	of	the	cell	composi(ons	
•  Secretome	composi(on		



•  Advancements	towards	3-D	cell	prinHng		

•  SVF-like	extracellular	matrix	in	a	hydrogel	scaffold		

•  Injectable	SVF	hydrogel	

Future Directions 



THANK YOU… 


