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Abstract : 
Objectives : To study the  role of autologous 

bone marrow in healing chronic diabetic wound 
And to evaluate the cost effectiveness

Methods : Autologous Bone Marrow 
aspirated under spinal anaesthesia and Bone 
Marrow-total nucleated cells were separated 
and concentrated. 100 mL peripheral blood were 
taken and platelets and fibrin glue were prepared 
according to standard procedures. Then it was 
locally applied and regular dressing done. Pt 
was followed for six weeks, with assessing the 
wound every week.

Results : 35 patients were studied and 3 
patients had complete closure of the wound. One 
patient did not show significant improvement. 
Rest all the patients had significant reduction of 
wound size after 6 weeks.

Conclusion : Patients treated with autologus 
bone marrow cells, platelets, fibrin glue and 
collegan matrix did show significant reduction 
in the wound size. Use of these components was 
safe and effective and this treatment had been 
cost effective.

Key Words : Bone Marrow, Platelets, Fibrin 
Glue, Collegan Matrix
INTRODUCTION

Definition:	Diabetic	foot	ulcers	are	defined	as	
foot	affected	by	ulceration	that	is	associated	with	
neuropathy	and/or	peripheral	arterial	disease	of	
the	lower	limb	in	a	patient	with	diabetes	[1].

Diabetic	 foot	 ulcers	 are	 also	 defined	 as:	
neuropathic	 in	 the	 presence	 of	 peripheral	
diabetic	 neuropathy	 and	 absence	 of	 ischemia;	
ischemic	if	the	patient	presents	peripheral	artery	
disease	 but	 no	 diabetic	 peripheral	 neuropathy;	

and	neuroischemic	 if	 neuropathy	 and	 ischemia	
coexist	[1].

The	prevalence	of	diabetic	foot	ulceration	in	
the	diabetic	population	is	4–10%;	the	condition	
is	more	frequent	in	older	patients.	It	is	estimated	
that	 about	 5%	 of	 all	 patients	 with	 diabetes	
present	with	a	history	of	 foot	ulceration,	while	
the	lifetime	risk	of	diabetic	patients	developing	
this	complication	is	15%[2-4]

Foot	 ulcers	 are	 a	 significant	 complication	
of	 diabetes	 mellitus	 and	 often	 precede	 lower	
extremity	 amputation.	 The	 most	 frequent	
underlying	 etiologies	 are	 neuropathy,	 trauma,	
deformity,	high	plantar	pressures,	and	peripheral	
arterial	 disease.	 Loss	 of	 protective	 sensation	
is	 the	 primary	 factor	 in	 foot	 ulceration	 in	
diabetics.	 Mechanical	 stresses	 resulting	 from	
joint	deformity,	limited	joint	mobility,	and	poor	
foot	 care/footwear	 are	 important	 in	 the	 causal	
pathway	 of	 both	 neuropathic	 and	 ischemic	
ulcers.	It	was	shown	that	the	recurrence	of	foot	
infection	 was	 common	 among	 Indian	 diabetic	
patients	(52%).	A	lesser	prevalence	of	peripheral	
vascular	 disease	 (13%)	 among	 Indians	 was	
noted	 when	 compared	 with	 those	 in	 Western	
countries	 (48%).	 Smoking	 increases	 the	 risk	
by	 reducing	 blood	 circulation	 in	 the	 legs	 and	
reducing	sensation	in	the	feet	[5].

Impaired	local	blood	circulation	as	a	result	of	
micro	and	macrovascular	disease	and	peripheral	
neuropathy	causes	foot	ulceration	in	up	to	25%	
of	patients	with	diabetes	mellitus	(DM)	[6].	Foot	
ulceration	is	associated	with	increased	morbidity	
and	 mortality,	 has	 a	 negative	 impact	 on	 the	
quality	 of	 life	 of	 diabetic	 patients	 and	 poses	 a	
serious	burden	on	the	health	care	system	[7,8].	
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The	cost	of	treating	one	diabetic	foot	ulcer	has	
been	estimated	to	be	Rs	30000-40000	[6].

Considering	 the	pathophysiology	of	 chronic	
nonhealing	wounds,	the	more	widely	recognized	
causative	factors	are	
(i)	 phenotypically	 altered	 and/or	 senescent	

mesenchymal	cells	that	fill	the	dermis	of	the	
skin	[10,11,12];

(ii)	 significantly	decreased	 local	concentration,	
stability	 and	 bioavailability	 of	 growth	
factors;	 the	 extracellular	 matrix,	 impair	
tissue	repair	and	suppress	cell	proliferation	
and	angiogenesis	[13,14].	
Several	 novel	 approaches	 for	 diabetic	

foot	 ulceration	 treatment	 have	 been	 proposed	
recently.	These	suggest	the	use	of	bone	marrow	
stem	cells	[17],	platelet-derived	wound	healing	
factors	 [18],	 fibrin	 glue	 [19]	 or	 bone	marrow-
impregnated	collagen	matrix

[20].	 Each	 of	 these	 approaches	 has	 been	
reported	to	increase	the	response	time	of	healing	
chronic	wounds.	But,	as	the	wound	environment	
is	 dynamic	 and	 requires	 the	 presence	 of	 all	 ‘	
contributing	 components	 ’	 ,	 it	 is	 unlikely	 that	
one	type	of	treatment	alone	can	bring	a	wound	
to	complete	closure	[21,22].

Optimum	 healing	 of	 a	 wound	 requires	 a	
well	 orchestrated	 integration	 of	 the	 complex	
biologic	and	molecular	events	of	cell	migration,	
proliferation,	 extracellular	 matrix	 deposition	
and	 remodeling	 [23].	 	 In	 the	 present	 study	we	
used	bone	marrow	cells,	concentrated	in	a	small	
volume,	 using	 a	 recently	 described	 technique	
able	 to	 remove	 most	 of	 the	 RBC	 from	 bone	
marrow	aspirate,	thus	achieving	small	volumes	
useful	for	cell	therapy	[24].	

The	 bone	 marrow	 is	 an	 important	 source	
of	 hematopoietic	 stem	 cells,	 which	 regularly	
regenerate	 components	 of	 blood,	 and	 non-
hematopoietic	stem	cells,	including	MSC	which	
can	be	differentiated	into	several	other	cell	types	
such	as	vascular	endothelia,	neurons,	fibroblasts	
and	skin	keratinocytes.	Considering	the	plasticity	
of	bone	marrow	stem	cells	to	produce	new	skin	
cells,	it	is	conceivable	that	they	may	replenish	lost	
cells	 during	wound	 healing	 [25-26]	Therefore,	
these	cells	are	recognized	as	key	players	in	tissue	
regeneration	and,	under	appropriate	conditions,	
it	is	considered	that	these	cells	can	rejuvenate	or	
rebuild	tissue	compartments	[27].	

Several	 studies	 suggest	 that	 bone	 marrow-
derived	stem	cells	may	contribute	to	wound	repair,	
either	 by	 self-proliferation	 and	 differentiation	
or	 by	 releasing	 regulatory	 cytokines.	 It	 has	
been	 proposed	 that	 stem/progenitor	 cells	 may	
be	mobilized	 to	 leave	 the	 bone	marrow,	 home	
to	 injured	 tissues	 and	 participate	 in	 repair	 and	
regeneration	[28].	
AIMS AND OBJECTIVES:
•	 To	study	the		role	of	autologous	bone	marrow	

in	healing	chronic	diabetic	wound.	
•	 To	evaluate	the	cost	effectiveness
MATERIAL	&METHODS
Sample	size:		all	the	cases	admitted	between	may	
13	to	oct.	15
Number	of	cases:		35
Type	of	study:	Prospective	Cohort	Study		
Duration	of	study:	2	years       
Inclusion	and	Exclusion	criteria.

Inclusion	criteria.
•	 Patient	with	diabetes	of	the	both	sexes	above	

age	18	years.

1)		 Bone	Marrow	regenerate	components	of	blood,	and	
non-hematopoietic	stem	cells

2) 	 Platelets	 Platelets	 have	 been	 used	 as	 a	 source	 for	
cytokines

3) 	 Collegen	matrix	Collagen	matrix	acts	as	a	scaffold	for	
regeneration	 resulting	 in	 induction	 of	 angiogenesis	
and	fibroplasia

4) 	 Fibrin	 glue	 provides	 an	 important	 temporary	
extracellular	matrix	for	wound	healing
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•	 Patient	with	diabetes	for	at	least	3	months	
•	 .	Wound	size	not	more	than	5*5	cms
Exclusion	criteria.
•	 	Patient	of	more	 than	60	years	of	 	 age	and	

less	than	18	years	of	age	
•	 	Women	with	Pregnancy	
•	 Patient	with		Chronic	elements	such	as	cancer	

Methods
The	 study	 protocol,	 informed-consent	 form	

and	other	study-related	documents	were	reviewed	
and	approved	by	Research	Ethics	Committee	of	
B.J.	GOVT.	Medical	college	and	Sasson	General	
Hospital,	Pune.	All	patients	were		willing	to	sign	
the	 informed	 consent	 form	 for	 the	 study.	 Two	
days	 before	 bone	 marrow	 aspiration,	 100	 mL	
peripheral	 blood	 were	 taken	 and	 platelets	 and	
fibrin	glue	were	prepared	according	to	standard	
procedures(17,18).		Bone	marrow		was	aspirated	
with	bone	marrow	aspiration	niddle	under	spinal	
anesthesia	from	the	ileum,	into	commercial	450-
mL	triple	blood	donation	bags,	containing	63	mL	
CPD-A	in	bag	1	and	100	mL	saline	–	adenine	–	
glucose	mannitol	(SAG-M)	in	bag	2.	Bag	1	was	
hung	on	a	stand	for	45	min	to	allow	red	blood	
cell	 (RBC)	 sedimentation.	 The	 supernatant	
was	slowly	expressed	using	a	plasma	extractor	
into	bag	3	 (an	empty	bag)	 and,	 as	 soon	as	 red	
cells	 started	 to	 enter	 the	 connecting	 tube,	 the	
connecting	 tube	was	clamped	 temporarily.	The	
connecting	 tube	 was	 temporarily	 clamped	 and	
bag	1	was	shaken	gently,	hung	for	45	min	and	
the	 supernatant	 then	 transferred	 to	 bag	 3.	 Bag	
3	 was	 centrifuged	 at	 400	 g for	 12	 min.	After	

completion	 of	 centrifugation,	 the	 supernatant	
plasma	was	 transferred	 back	 to	 bag	 2	 using	 a	
plasma	extractor	and	the	cells	were	resuspended	
in	about	8	mL	of	the	remaining	plasma.	Prior	to	
the	application	of	BM-TNC,	the	area	of	necrotic	
and	devitalized	wound	was	debrided	surgically	
until	bleeding	was	recognized	macroscopically.	
This	 allowed	 the	 bone	 marrow	 cells	 to	 come	
into	contact	with	viable	wound	tissue.	About	5	
h	 after	 marrow	 aspiration,	 5	 mL	 of	 BM-TNC	
were	 implanted	 in	 the	 wound	 by	 1.5-cm	 deep	
injections	at	various	sites	and	the	margin	of	the	
wound,	 using	 a	 23-gauge	 needle.	 Following	
the	injection,	2	mL	BM-TNC	were	mixed	with	
platelets	and	fi	brin	glue,	applied	to	the	wound	
and	 allowed	 to	 form	 a	 clot	 on	 the	 wound	 (fi	
brin	 matrix	 acts	 as	 a	 provisional	 scaffold	 for	
cells).	Collagen	matrix	 	was	 then	 impregnated	
with	 10	mL	BM-TNC	 suspension	 (1	mL	BM-
TNC	mixed	with	 9	mL	 serum)	 and	 placed	 on	
the	fibrin	clot.	Finally,	paraffi	n	gauze	pads	were	
placed	 over	 the	wound	 and	 a	 bolster	 of	 rolled	
gauze	pads	placed	over	the	paraffi	n	gauze.	This	
dressing	 was	 then	 wrapped	 with	 rolled	 gauze.	
After	 3	 days,	 the	 entire	 dressing	was	 removed	
and	 the	 wound	 irrigated	 with	 Normal	 Saline	
solution.	 The	 wound	 was	 then	 covered	 again	
with	 gauzes	 as	 described	 above,	 and	 each	 day	
the	 entire	 dressing	 was	 removed	 and	 irrigated	
with	Normal	Saline	 	 solution.	The	wound	was	
closely	observed	for	6	weeks	for	the	formation	
of	 granulation	 tissue	 and	 closure.	 BATES-
JENSEN	WOUND	ASSESSMENT	TOOL	was	
used	to	asses	the	wound	and	accordingly	scored.

	 Peripheral	Blood	(about	100	ml.)	 Bone	Marrow	(100	ml	)
	 ↓↓	 ↓↓
	 ↓	 ↓
Platelets,	Fibrin	Glue	and	Collegen	Matrix	 Collected	in	triple	blood	donation	bags
  Bag	1(63	mL	CPD-A)	→100	ml	of	bone	
	 	 marrow	aspirate.
	 	 ↓
	 	 Hanged	for	about	45	minutes	and	supernatant	then
	 ↓	 ↓
		Red	blood	cell(RBC)sedimentation	Bag	2		 ↓↓		 transferred	to	bag	3(empty	bag)

	(100	mL	saline	–	adenine	–	glucose	mannitol	(SAG-M)																																																																							
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Results and Conclusion
We	have	studied	total	number	of	35	case.	The	

GraphPad	Instant	statistical	package	(GraphPad	
Software	Inc.)	was	used	for	statistical	analysis.	
The	level	of	statistical	significance	was	set	to	P 
<0.05.			Wounds	of	3	patients	were	completely	
closed	after	6	weeks	(BWAT	Score	13).	Wounds	
of	 31	 patients	 significantly	 reduced	 in	 the	 size	
(p<0.05).	 One	 patient	 did	 not	 respond	 to	 the	
treatment	(p>0.05).	
•	 The	systemic	and	local	treatment	with	BM-

MSCs	on	diabetic	wounds	improved	collagen	
levels	 in	 the	 wound	 bed.	 These	 growth	
factors	(BM-MNC,	Platelet,	Fibrin	glue,	and	
collagen	matrix)	contribute	to	the	repair,	the	
regeneration,	 and	 the	 neovascularization	 in	
the	 diabetic	 wound.	 Non-healing	 diabetic	
ulcers	 that	 were	 treated	 successfully	 with	
a	 combination	 of	 bone	 marrow	 stem	 cells,	
platelets,	fibrin	glue	and	collagen	matrix.

•	 The	 healing	 has	 been	 rapid	 in	 first	 three	
weeks	 and	 once	 the	 momentum	 has	 been	
gained	 the	wound	 slowly	 progress	 towards	
complete	healing.

•	 Patients	with	good	diabetes	control	has	better	
wound	 healing	 than	 patients	 with	 poorly	
diabetes	control.

•	 The	main	benefit	of	the	treatment	presented	
here	 is	 that	 the	 procedure,	 because	 it	 is	
autologous,	 is	very	cost	effective	compared	
with	 current	 commercial	 wound	 care	
products.	 Strategic	 measures	 to	 improve	
overall	health	must	focus	on	all	the	following	
aspects-	good	glucose	control,	detection	and	
treatment	of	diabetic	 complications,	 patient	
education	 as	 well	 as	 specialised	 foot	 care.	
In	the	long	run,	a	holistic	approach	like	this	
is	 certain	 to	 be	 cost-effective.	 It	 becomes	
apparent	that	in	this	economically	productive	
age	group	if	the	patient	loses	his	limb	then	it	
is	not	 just	only	economic	loss	 to	the	nation	
but	also	a	social	burden.

Wound on day 1

Wound after 6th week
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