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Abbreviations

HSC : Hematopoietic Stem Cells

MSC : Mesenchymal Stem Cells

CD	 :	 Cluster	of	Differentiation	

CD34+	 :	 Cluster	of	Differentiation	protocol	that	identifies	
cell surface antigens.

CD73	 :	 Cluster	of	Differentiation	identifies	a	cell‐surface	
N‐linked	glycoprotein	that	produces	extracellular	adenosine

CD90	 :	 Cluster	 of	 Differentiation	 identifies	 marker	 of	
stem cells

CD105	 :	 Cluster	of	Differentiation	identifies	surface	mark-
er for receptor hematopoietic stem cells

UC	 :	 Umbilical	Cord	stem	cells

CT  : Computer Tomography

HIV	 :	 Human	Immunodeficiency	Virus

CMV : Cytomegalovirus

HTLV : Human T-cell lymphotropic Virus Type 1

AATB	 :	 American	Association	of	Tissue	Banks

FDA	 :	 Food	and	Drug	Administration

Introduction

 Four main elements are necessary for bone-graft success: solu-
ble	regulators,	a	resorbable	matrix,	stabilization	of	the	matrix	during	
healing,	and	cells.	The	most	critical	components	are	the	cells,	specifi-
cally osteoblasts. If osteoblasts or their precursor cells are not present 
at	the	bone-graft	recipient	site,	they	must	be	harvested	and	incorpo-
rated	within	the	graft	matrix	[1]	in	sufficient	quantity,	[2]	or	bone	will	
not	form	[3,4].

 Harvested	 autogenous	 bone	 has	 long	 been	 considered	 the	most	
reliable	 source	 of	 osteoblasts,	 [5,6]	 but	 in	 2005	 Soltan	 and	 Smiler	
[7]	introduced	a	method	for	aspirating	bone	marrow	to	obtain	adult	 
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Abstract
 Combining bone-marrow aspirate with xenograft and allograft 
particulate material has been demonstrated to produce a significant 
quantity of new bone growth. However, securing 1 to 4 ccs of adult 
autogenous stem cells by means of bone-marrow aspiration is in-
vasive, and the aspirated stem cells are typically senescent, as the 
procedure most often is used in aging patients. In contrast, incor-
porating stem cells derived from infant human umbilical cords into 
allograft cortico-cancellous particulate and/or bone blocks offers the 
promise of being a superior approach to bone regeneration. The aim 
of the authors was to assess the efficacy of adding umbilical cord 
stem cells to cancellous bone particulate allograft material to en-
hance repair of a significant osseous defect. Umbilical cord stem 
cells were mixed with particulate allograft material for use in a si-
nus-lift bone augmentation procedure. After three months of healing, 
a biopsy was taken, and the core specimen was submitted for stan-
dard histologic and histomorphometric analysis. The graft integrat-
ed well within the recipient sinus cavity. Implants were placed, and 
they successfully osseointegrated. Examination of the three-month 
post-surgery biopsy core showed the graft to be well-integrated, with

37% of the core consisting of bone, of which 100% was vital; 63% 
consisted of marrow. Active new bone formation was evident. In the 
case reported here, the use of umbilical cord stem cells in bone-graft 
surgery enabled successful bone regeneration, while avoiding the 
need for bone-marrow aspiration or autogenous donor site surgery.

Keywords: Allograft bone graft; Autogenous stem cells; Mesenchy-
mal stem cells; Tissue engineering; Umbilical cord stem cells
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stem	cells	that	would	differentiate	to	osteoblasts	and	could	be	used	to	
enhance results from bone grafting in oral surgical applications.

 Cells	within	 the	early	embryo	are	 thought	 to	be	 the	only	 single	
cells	capable	of	differentiating	into	any	cell	type	[8,9].	Hematopoietic	
Stem	Cells	(HSCs),	for	example,	give	rise	to	all	the	cells	of	the	blood.	
Mesenchymal	Stem	Cells	(MSCs)	differentiate	into	bone,	fat,	muscle,	
cartilage	and	neurons	[10,11].

 In	 the	 field	 of	 bone	 repair	 and	 tissue	 regeneration,	 identifying	
a	 plentiful,	 safe	 and	 ethically	 acceptable	 source	 of	 stem	cells	 has	
become	an	urgent	need.	The	use	of	full-term	human	umbilical	cords	
and	placentas	is	an	attractive	option.	A	nearly	unlimited	supply	of	
such	tissue	can	be	easily	procured,	and	its	use	poses	no	ethical	prob-
lems.	Placental	cells	display	differentiation	capacity	toward	all	three	
germ	 layers,	 while	 also	 having	 immunomodulatory	 effects.	 This	
raises the possibility of applying them in an allogeneic transplanta-
tion	setting	and	may	have	implications	in	all	fields	of	regenerative	
medicine	and	surgery	[12].

 Characterization	of	progenitor	cells	and	stem	cells	is	based	on	a	
variety	 of	 cell	markers	 rather	 than	 on	 the	 cells’	morphological	 ap-
pearance	 [13].	At	present,	 the	most	commonly	used	marker	 for	he-
matopoietic	cells	is	the	cell	surface	marker	CD34+,	identified	in	the	
clinical	 laboratory	by	flow	cytometry.	The	commonly	used	markers	
for	mesenchymal	stems	include	CD	73+,	CD90+	and	CD105+.	Using	
flow	cytometry,	Smiler	et	al.,	identified	the	presence	of	mesenchymal	
stem	cells,	necessary	for	bone	regeneration,	in	bone	marrow	and	pe-
ripheral	blood	[14].

 Successful	transplantation	of	blood	and	marrow,	both	autologous	
and	allogeneic,	requires	the	infusion	of	a	sufficient	number	of	hema-
topoietic	 progenitor	 stem	 cells	 capable	 of	 homing	 into	 the	marrow	
cavity	and	regenerating	a	full	array	of	hematopoietic	cell	lineages	in	
a	timely	fashion.	Clinical	studies	have	shown	that	infusion	of	at	least	
2	×	106 CD34+	 cells/kg	of	 recipient	body	weight	 results	 in	 reliable	
engraftment,	 as	 measured	 by	 recovery	 of	 adequate	 neutrophil	 and	
platelet	counts	approximately	14	days	after	the	transplant	[15].

 Two	substances	that	trigger	the	progenitors	to	mobilize	toward	the	
damaged	tissue	are	growth	factors	and	cytokines.	At	the	same	time,	
the	progenitors	also	start	to	differentiate	into	the	target	cells.	Not	all	
progenitors	 are	 mobile;	 some	 reside	 near	 the	 tissue	 of	 their	 target	
differentiation	 [16].	When	 the	 cytokines,	 growth	 factors,	 and	 other	
cell-division-enhancing	 stimulators	 begin	 acting	 upon	 the	 progeni-
tors,	a	higher	rate	of	cell	division	is	introduced	[17,18].

 Mesenchymal	stem	cells	are	of	stromal	origin	[19]	and	may	dif-
ferentiate	 into	 a	 variety	 of	 tissues	 [16].	 Such	 stem	 cells	 have	 been	
isolated	 from	 placenta,	 [20,21]	 adipose	 tissue,	 lung,	 marrow	 and	
blood,	Wharton’s	 jelly	 from	the	umbilical	and	 teeth	 [22,23].	MSCs	
are	attractive	for	clinical	therapy	due	to	their	ability	to	differentiate,	
provide	trophic	hormone	support	[24]	and	modulate	innate	immune	
response	[12].	Mesenchymal	stem	cells	have	the	ability	to	differen-
tiate	 into	various	cell	 types	such	as	osteoblasts,	chondroblasts,	adi-
pocytes,	neuroectodermal	cells,	and	hepatocytes.	[25].	Transplanted	
cells	lay	down	an	initial	unmineralized	bone	matrix	(osteoid)	and	start	
the	process	of	laying	down	hydroxylapatite,	the	mineral	component	
of	bone	in	the	extracellular	matrix	[26,27].

 In	order	to	accelerate	healing	of	oral	bone	grafts,	the	authors	have	
begun	 impregnating	 particulate	 allograft	 with	 umbilical	 cord	 stem	 

cells.	The	following	case	report	illustrates	this	approach	to	treating	a	
patient receiving a sinus lift bone graft.

Case Report

 The54-year-old	female	patient	presented	with	severe	bone	loss	of	
the	posterior	region	of	the	right	maxilla.	A	cross-sectional	view	of	the	
arch	showed	less	than	2mm	of	alveolar	bone	between	the	bone	crest	
and	sinus	floor	(Figure	1).

 The	recipient	site	was	prepared	in	the	following	manner.	First	an	
alveolar	crestal	incision	was	made	in	the	edentulous	space	with	a	#15	
blade.	Adjacent	 vertical	 relaxing	 incisions	were	 created,	 extending	
into	the	vestibule	and	connecting	to	the	lateral	margins	of	the	crestal	
incision.	Such	vertical	incisions	can	be	made	one	or	more	teeth	ad-
jacent	to	the	edentulous	area.	A	wide	base	flap	ensures	the	necessary	
blood	flow	to	the	flap	and	periosteum.

 While	reflecting	the	flap,	care	was	taken	to	preserve	the	perioste-
um	without	tearing	it	(Figure	2).	A	quadrilateral	window	osteotomy	
was	prepared	with	a	#6	round	bur,	using	very	light	pressure	to	decor-
ticate the buccal bone (Figure 3). The intact sinus membrane can be 
seen	in	figure	4.

 Approximately	1cc	of	 umbilical	 cord	 stem	cells	 (Chara	Biolog-
ics,	9560	Topanga	Canyon	Blvd,	#104,	Chatsworth,	CA	91311)	were	
defrosted	(Figure	5),	added	to	2ccs	of	cancellous	particulate	allograft	
bone	 (Impladent	 Ltd	 86-90-188th	 St.	 Jamaica,	 NY)	 (Figure	 6)	 and	 

Figure 1:	Cross-sectional	image	from	the	pre-operative	CT	scan	showing	
the	thin	margin	of	bone	between	the	alveolar	bone	crest	and	the	sinus.

Figure 2:	The	mucoperiosteal	flap	was	reflected	to	the	level	of	the	malar	
buttress.
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mixed	to	ensure	thorough	saturation	of	the	bone	with	the	Umbilical	
Cord	Stem	Cells	(UC).	It	is	estimated	there	are	8	million	cells/cc	of	
umbilical	cord	tissue	matrix.	Each	1cc	contains	approximately	20%-
30%	mesenchymal	stem	cells,	 thus	adding	over	1.6	million	mesen-
chymal	stem	cells	to	the	graft	matrix.	The	sinus	membrane	was	care-
fully	lifted,	from	its	inferior	border	to	and	including	the	medial	wall	
of	the	sinus.	The	mixture	of	UC	stem	cells	and	cancellous	allograft	
was	inserted	and	loosely	compacted	(Figure	7).	The	buccal	aspect	of	
the	graft	was	covered	with	a	membrane	processed	for	concentrated	
growth	factors	from	patient’s	peripheral	blood	(Figure	8).	The	muco-
periosteal	flap	was	repositioned	and	sutured	(Figure	9).	Post-surgery	
there	were	no	adverse	reactions	to	the	bone	graft	or	surgery.

 After	3	months	of	healing,	a	CT	scan	showed	graft	adaptation	to	
the	 inferior	 and	medial	wall	 of	 the	 sinus	 (Figure	 10).	A	 core	 sam-
ple	4mm	in	diameter	was	obtained	by	passing	a	4mm	trephine	drill	
through the crestal bone to the superior region of the graft. The biopsy 
core	was	fixed	in	10%	buffered	formalin	and	sent	for	histology	and	
quantitative	histomorphometric	analysis.

Specimen Processing

 After	dehydration	with	a	graded	series	of	ethanol	for	9	days,	the	
sample	was	infiltrated	for	20	days	with	a	light-curing	embedding	resin	
(Technovit	7200	VLC,	Kulzer,	Wehrheim,	Germany),	then	embedded	
in	Technovit	 7200	VLC	 and	 polymerized	 by	 450nm	 light	with	 the	 

temperature	 of	 the	 specimen	not	 exceeding	40	degrees	Centigrade.	
The	specimen	was	prepared	by	 the	cutting	and	grinding	method	of	
Donath	[28]	and	cut	to	thicknesses	of	150mm	on	an	EXAKT	cutting	
and	 grinding	 system	 (EXAKT	Technologies,	Oklahoma	City,	OK),	
then	mounted	on	slides.	Each	specimen	slide	was	polished	to	a	thick-
ness	of	55	microns	with	a	series	of	polishing	sandpaper	discs	from	
800	to	2400	grit	(EXAKT	micro	grinding	system)	followed	by	a	final	 

Figure 3:	A	quadrilateral	window	osteotomywas	created	using	a	#6	round	
bur.

Figure 5:	Approximately	 1cc	 of	 umbilical	 cord	 stem	 cells	 immediately	
after	defrosting	and	prior	to	mixing	with	the	graft	material.

Figure 6:	The	UC	cells	were	added	to	2ccs	of	cancellous	bone	allograft.	
The	two	components	were	then	mixed	to	achieve	thorough	saturation	of	the	
graft	material	with	the	UC	cells.

Figure 7:	The	combined	UC	cells	and	allograft	were	loosely	compacted	in	
thesinus cavity, reconstituting the buccal aspect.

Figure 4: The intact sinus membrane can be seen prior to its elevation to 
expose	the	floor	and	medial	wall	of	the	sinus.
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polish	with	0.3-micron	alumina	polishing	paste.	Following	final	pol-
ishing,	 the	 specimen	 slides	were	 stained	 using	Stevenel’s	 blue	 and	
van	Gieson’s	picro	 fuchsin	and	subjected	 to	histological	evaluation	
by	light	microscopy.	The	specimen	was	evaluated	using	two	slides	to	
prevent sampling bias.

 Microphotographs	were	obtained,	scanned,	digitized,	and	analyzed	
using	a	Zeiss	Axiolab	photomicroscope	(Carl	Zeiss,	Jena,	Germany)	 

and	Nikon	Coolpix	4500	digital	camera	(Nikon	Corp,	Tokyo,	Japan).	
The	core	specimen	was	photographed	at	a	fixed	focal	point	and	x	25	
magnification	for	histomorphometric	evaluation.	Histomorphometric	
measurements	were	completed	with	a	Macintosh	G4	computer	(Ap-
ple,	Cupertino,	CA)	and	a	public	domain	image	program	(NIH	Im-
ages,	US	National	Institutes	of	Health)	along	with	Adobe	Photoshop	
(Adobe,	San	Jose,	CA).	The	data	were	exported	to	Microsoft	Excel	
(Microsoft	Co.,	Redmond,	WA)	for	histomorphometric	calculations.	
Histomorphometric	analysis	was	performed	and	the	following	param-
eters	were	measured	in	terms	of	the	percentage	of	the	total	core	area:	
new	bone	formation,	residual	graft	material,	and	marrow	space.

Results
 The	analysis	showed	the	core	to	consist	of	bone	(37%)	and	mar-
row	tissue	(63%).	100%	of	the	bone	was	vital.	No	residual	graft	ma-
terial	was	found	(Figure	11).

 No	inflammation	or	foreign	body	reaction	was	evident	in	the	spec-
imen.	Overall,	excellent	connectivity	was	noted	among	the	new	tra-
beculae	of	cancellous	bone,	indicating	active	and	vigorous	new	bone	
formation.	Evidence	that	the	bone	formation	was	active	also	was	in-
dicated	by	the	wide	seams	of	new	osteoid	surrounding	the	trabeculae,	
which	were	surfaced	by	plump,	numerous,	and	active	osteoblasts.	The	
staining	quality	of	the	specimen	also	confirmed	very	active	new	bone	
formation.	The	specific	bone	stain	that	was	employed	enables	quali-
tative	differentiation	between	the	relative	age	of	bone,	the	darker	red	
being	the	most	immature.	Figures	12-19	show	examples	of	the	active	
new	bone	formation.

Discussion
 Umbilical	cord	(UC)	blood	was	first	reported	as	a	source	of	hema-
topoietic	stem	and	progenitor	cells	in	1974.	In	1988,	the	first	trans-
plantation	of	cryopreserved	UC	blood	to	an	infant	with	an	inherited	
bone-marrow	disease	 took	 place	 in	 France.	Banking	 of	 cord	 blood	
began	around	1992,	but	for	years	UC	tissue	continued	to	be	regarded	
as	mere	medical	waste.	It	was	not	until	the	last	decade	that	recognition	
of	the	significant	therapeutic	value	of	UC	tissue	dawned.	Such	tissue	
contains	 high	 concentrations	 of	MSCs	 as	well	 as	 an	 abundance	 of	
growth	factors	and	extracellular	matrix	[29].

 UC-derived	MSCs	(UC-MSCs)	may	have	many	advantages	over	
the	 traditional	gold	standard	of	bone-marrow-derived	MSCs.	These	
advantages	include	higher	proliferative	potential,	better	resistance	to	 

Figure 8:	A	membrane	of	 concentrated	growth	 factors	was	 placed	over	
the graft.

Figure 11:	Analysis	of	the	bone	core	taken	at	three	months	showed	37%	of	
the	core	to	be	bone	(100%	vital)	and	63%	bone	marrow.	No	graft	material	
remained.

Figure 9:	 The	 mucoperiosteal	 flap	 was	 repositioned	 and	 sutured,	 ten-
sion-free.

Figure 10:	Cross-sectional	image	from	the	post-operative	CT	scan	show-
ing	adaptation	of	the	graft	material	within	the	sinus.
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senescence,	wider	differentiation	capacities,	stronger	anti-inflamma-
tory	and	paracrine-signaling	activity,	as	well	as	more	potent	immuno-
modulatory	effects.

 UC-MSCs	can	be	processed	as	soon	as	birth	 tissue	 is	collected.	
Ideally,	 the	 tissue	 should	 be	 obtained	 from	 young	 healthy	 donor	 

mothers	 who	 have	 chosen	 to	 undergo	 elective	 Cesarean	 section.	
This helps to assure the tissue sterility. Donor screening is crucial to  

Figure 12:	This	low	power	view	shows	the	development	of	new	cancellous	
bone,	indicated	by	the	connectivity	of	the	newly	forming	trabeculae.

Figure 15:	These	high	power	images	show	outstanding	views	of	the	dark	
blue	 osteoblasts	 forming	 the	 green-staining	 osteoid,	which	matures	 into	
red-staining	immature	bone.	Absolutely	no	inflammation	or	other	abnor-
mality	is	evident.

Figure 16:	This	matched	pair	of	images	shows	normal	imaging	adjacent	to	
polarized	imaging	that	emphasizes	the	induction	of	the	connective	tissue	
in	the	delicate	tissue,	which	will	become	bone	marrow,	and	then	bone.	The	
inducing	 osteoblasts	 can	 be	 seen	 amidst	 the	 changing	 connective	 tissue	
fibers.

Figure 17:	This	matched	pair	of	images	shows	normal	imaging	adjacent	to	
polarized	imaging	that	emphasizes	the	induction	of	the	connective	tissue	
in	the	delicate	tissue,	which	will	become	bone	marrow,	and	then	bone.	The	
inducing	 osteoblasts	 can	 be	 seen	 amidst	 the	 changing	 connective	 tissue	
fibers.

Figure 13:	This	polarized	view	emphasizes	the	layering	of	the	immature	
bone.	The	bright	bluish-green	area	in	the	center	of	the	image	clearly	shows	
the	early	change	in	the	bone-marrow	connective	tissue	being	induced	by	
the presence of the osteoblasts.

Figure 14:	These	high	power	images	show	outstanding	views	of	the	dark	
blue	 osteoblasts	 forming	 the	 green-staining	 osteoid,	which	matures	 into	
red-staining	immature	bone.	Absolutely	no	inflammation	or	other	abnor-
mality	is	evident.
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ensuring	 the	 quality	 of	 the	 tissue	 and	 maximizing	 its	 therapeutic	
potential.	The	product	used	by	the	present	authors	was	subjected	to	
some	of	 the	most	 stringent	 screening	 in	 the	 industry.	This	 includes	
documentation	of	the	mother’s	medical	history,	family	history,	trav-
el	 history,	 occupational	 history,	 infectious	 disease	 and	 toxic	 expo-
sures	and	sexual	history,	as	well	as	her	sexual	partner’s	history	and	
the	baby’s	prenatal	history.	When	birth	tissues	are	obtained,	they	are	
screened	for	HIV,	syphilis,	hepatitis	B,	hepatitis	C,	CMV,	HTLV	and	
other	infectious	diseases.	After	processing	and	before	the	product	is	
released	for	clinical	use,	sterility	(all	fungi,	mold,	yeast,	bacteria)	and	
endotoxin	testing	also	are	performed	in	accordance	with	AATB	and	
FDA	standards.

 Most	products	derived	from	UC	tissue	are	composed	of	cells	from	
the	 cord	 only,	 but	CharaCore®	 is	 unique	 in	 the	 comprehensiveness	
of	 its	 contents.	This	 product	 contains	 cells	 from	 the	 entire	 umbili-
cal	cord,	which	includes	the	UC	tissue,	the	amniotic	membrane	and	
some	UC	blood.	This	results	in	a	variety	of	cell	types	being	included	
in	 the	 product.	MSCs	 are	 guaranteed	 to	 constitute	 at	 least	 20%	 of	 
the	total	cell	population,	but	HSCs	are	also	present,	along	with	endo-
thelial	and	epithelial	progenitor	cells	and	other	immature	immune	cell	
types.	These	cells	likely	work	synergistically,	evidenced	by	the	fact	
that	both	MSCs	and	HSCs	promote	angiogenesis,	and	MSCs	are	well	
known	for	enhancing	the	activities	and	engraftment	of	HSCs.

 In CharaCore®,	all	 these	cells	are	suspended	in	the	serum	of	the	
cord	blood,	which	provides	additional	and	crucial	growth	factors	and	
cytokines.	The	cells	are	thus	maintained	in	a	solution	as	close	to	their	
natural	niche	environment	as	possible.	When	cells	are	maintained	in	
their	niche,	they	function	optimally.	When	they	are	taken	out	of	their	
niche,	they	often	behave	in	a	completely	different	manner.

Conclusion
 The	 technique	described	here	of	 combining	allograft	 particulate	
cancellous	bone	with	umbilical	cord	stem	cells	broadens	the	options	
available	to	dental	clinicians	seeking	to	augment	patients’	maxillary	
or	mandibular	bone	as	part	of	an	overall	strategy	for	oral	rehabilita-
tion.	Further	study	of	the	use	of	umbilical	cord	stem	cells	in	a	variety	
of	bone	graft	surgical	procedures	is	recommended.
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