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numerous	clinical	photographs.	Each	procedure	is	described	in	the	context	of	the
biologic	processes	that	it	initiates	so	that	the	reader	will	understand	not	only	how
but	also	why	it	works.	The	book	concludes	with	a	look	at	the	growth	factors	that
are	currently	available	and	those	being	investigated	for	possible	future
applications	in	bone	grafting	for	dental	implants.	It	is	my	hope	that	this	book
will	provide	the	profession	with	a	comprehensive	yet	concise	resource	for
understanding	and	providing	care	to	patients	who	can	benefit	from	bone
harvesting	and	grafting.

This	book	is	intended	primarily	for	the	advanced	clinician	in	periodontics	and
oral	and	maxillofacial	surgery	who	desires	a	comprehensive	and	clinically
relevant	review	of	both	the	background	science	and	clinical	applications	of	bone
for	dental	implants.	The	book	will	also	be	useful	for	graduate	students	in	oral
and	maxillofacial	surgery,	periodo	ntics,	and	hospital	dentistry	residency	training
programs	and	for	the	academic	surgeon	with	an	interest	in	this	important	subject.

As	I	complete	the	writi	ng	of	this	book,	I	must	acknowledge	my	division
chief,	Dr	Robert	E.	Marx—colleague,	teacher,	mentor,	and	(I	humbly	add)
friend.	Internationally	recognized	as	a	pioneer	in	the	development	of	major
maxillofacial	reconstruction,	Dr	Marx	is	the	consummate	academic	surgeon,
providing	the	highest	quality	of	medical	care,	e	mpathizing	with	patients,
accomplishing	significant	research,	and	most	importantly,	teaching	brilliantly.
Words	alone	can	neve	r	express	the	gratitude	I	feel	for	the	pr	ivilege	of	sharing
my	ideas	with	him,	listening	to	him,	witnessing	his	work	ethic,	hearing	his
brilliant	and	innovative	ideas,	and	applying	all	of	this	mentoring	experience	to
the	study	of	bone	science	generally	and	the	practice	of	bone	harvesting	and	grafti
ng	for	dental	implants	specifically.

I	am	also	deeply	indebted	to	all	of	the	researchers	and	cl	i	nici	ans	whose
published	results	helped	me	form	the	scientific	basis	of	my	work	and	of	this
book.	In	addition,	I	would	like	to	gratefully	acknowledge	the	enormous
contributions	of	the	students,	residents,	and	colleagues	with	whom	I	have	had	the
privilege	of	collaborating	during	the	past	18	years	at	the	University	of	Miami
School	of	Medicine.

Thanks	go	especially	to	my	editors	at	Quintessence,	who	constantly	pushed
me	to	do	my	personal	best.	The	book	has	benefited	significantly	from	their
excellent	editing	and	great	guidance	and	ideas	on	additions	and	dele	tions.	I	also
wan	t	to	thank	the	en	tire	team	a	t	Quintessence	Publishing	for	their	excellence	in
all	that	they	do.
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I	have	been	exceptionally	lucky	to	have	so	many	truly	talented	and	crea	tive
individuals	on	my	team.	I	would	like	to	thank	my	postdoctoral	fellow,	Dr	Aura
Picon,	for	her	assistance	in	patient	care	and	her	organizational	abilities,
diligence,	and	work	ethic.	I	would	like	to	thank	my	clinical	staff—Cathie	Ellyn,
RN,	Gina	Lewis,	CDA,	and	Amy	Guerra,	CDA—for	assisting	with	the	patient
care	depicted	in	the	book.	The	care	and	love	they	provide	their	patients	is
incomparable,	and	the	teamwork	and	support	they	provide	is	appreciated.

I	would	like	to	thank	Dr	Morton	Perel	for	his	manuscrit	review,	probing
questions,	guidance,	an	d	encouragement.	My	heartfelt	gratitude	goes	to	the
friends	an	d	assistants	who	always	stand	by	m	e:	Rick,	Kuy,	Lillibeth,	Leo,
Michael,	Karen,	Robert,	Katrina,	Vivian,	and	Frank.

Fi	nally,	than	ks	to	my	family—Mom,	Dad,	Heather,	Nathan,	Jeremy,	Kyle,
Lovey,	Ravi,	Angela,	and	A	nil—for	their	support	and	understanding	and	for
providing	an	oasis	of	tranquil	ity	where	I	can	retreat	from	my	frequently	chaotic
schedule.	Without	their	help,	both	directly	and	indirectly,	this	book	would	not
have	been	possible.

Dentlearn.ir

























1	mm/day)	and	thus	has	a	well-organized	collagen	protein	and	mineralized
structure.	Lamellar	bone	consists	of	multiple	oriented	layers.

Bundle	bone	is	the	principal	bone	found	around	ligaments	and	joints	and
consists	of	striated	interconnections	with	ligaments.

Molecular	Structure	of	Bone
At	the	molecular	level,	bone	is	composed	of	collagen	(primarily	type	I),	water,
hydroxyapatite	material,	and	small	amounts	of	proteoglycans	and
noncollagenous	proteins.	It	is	a	cross-linked	collagen	matrix	with	a	three-
dimensional	multiple	arrangement	of	matrix	fibers.	The	orientation	of	the
collagen	fibers	determines	the	mineralization	pattern.	In	this	way,	bone	adapts	to
its	biomechanical	environment	and	projects	maximal	strength	in	the	direction
receiving	compressive	loads.	Collagen	gives	bone	tensile	strength	and	flexibility
and	provides	a	place	for	the	nucleation	of	bone	mineral	crystals,	which	give	bone
its	rigidity	and	compressive	strength.

The	intercellular	bone	substance	has	an	organized	structure.	The	organic
portion	occupies	35%	of	the	matrix	and	is	primarily	formed	by	osteocollagenous
fibers,	similar	to	collagen	fibers	in	connective	tissue.	These	are	joined	together
by	a	cement-like	substance	that	consists	primarily	of	glu-coaminoglycan
(protein-polysaccharide).

The	inorganic	component	comprises	65%	of	bone	weight	and	is	localized	only
in	the	interfibrinous	cement.	The	minerals	in	bone	consist	mainly	of
hydroxyapatite	crystals,	which	form	dense	deposits	along	the	osteocollagenous
fibers.	It	also	contains	other	substances,	such	as	carbonate,	fluoride,	other
proteins,	and	peptides.	Some	of	these	materials	are	governed	by	the	body	fluid
composition	and	affect	the	solubility	of	bone	mineral.14

Other	components,	such	as	BMP,	regulate	how	bone	is	laid	down	and
maintained.	Bone	matrix	has	sequential	layers	that	vary	in	thickness	from	300	to
700	µm.	These	layers	are	the	result	of	rhythmic	and	uniform	matrix	deposition.
Also	characteristic	is	the	pattern	of	fibers	within	each	layer,	which	are	parallel
with	a	spiral	orientation	that	changes	between	layers	so	that	the	fibers	in	one
layer	run	perpendicular	to	those	in	the	adjacent	layer.	This	pattern	is	what	creates
the	distinguishable	bone	layers.

Bone	Modeling	and	Remodeling
As	previously	mentioned,	bone	is	continually	being	deposited	by	osteoblasts	and
absorbed	by	osteoclasts	at	active	sites	in	the	body.	In	adults,	a	small	amount	of
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new	bone	is	continually	being	formed	by	osteoblasts,	which	work	on	about	4%
of	all	surfaces	at	any	given	time.7

Although	many	orthopedists	and	bone	scientists	refer	to	both	processes	as
remodeling	,	it	is	important	to	note	that	bone	modeling	and	bone	remodeling	are
two	different	processes	in	osseous	repair.	Bone	modeling	typically	refers	to	the
sculpting	and	shaping	of	bones	after	they	have	grown	in	length.	This	process
involves	the	independent,	uncoupled	actions	of	osteoclasts	and	osteoblasts,	so
bone	is	resorbed	in	some	areas	and	added	in	others.	Bone	modeling	can	also	be
controlled	by	mechanical	factors,	for	example,	during	orthodontic	tooth
movement,	in	which	the	application	of	force	causes	the	bone	to	resorb	on	the
tooth	surface,	new	bone	to	form	on	the	opposite	surface,	and	the	tooth	to	move
with	the	surrounding	bone	rather	than	through	the	alveolus.	Bone	modeling	can
change	both	the	size	and	shape	of	the	bones.

Bone	remodeling,	on	the	other	hand,	refers	to	the	sequential,	coupled	actions
by	these	two	types	of	cells.	It	is	a	cyclical	process	that	usually	maintains	the
status	quo	and	does	not	change	the	size	or	shape	of	bones.	Bone	remodeling
removes	a	portion	of	old	bone	and	replaces	it	with	new	bone.

Unlike	bone	modeling,	which	slows	substantially	after	growth	stops,	bone
remodeling	occurs	throughout	life	(although	its	rate	also	slows	somewhat	after
growth).	Bone	remodeling	also	occurs	throughout	the	skeleton	in	focal,	discrete
packets	that	are	distinct	in	location	and	chronology.	This	suggests	that	the
activation	of	the	cellular	sequence	responsible	for	bone	remodeling	is	controlled
locally,	possibly	by	an	autoregulatory	mechanism	such	as	au-tocrine	or	paracrine
factors	generated	in	the	bone	microenvironment.

Bone	modeling	also	occurs	during	wound	healing	(eg,	during	the	stabilization
of	endosseous	implants)	and	in	response	to	bone	loading.	Unlike	bone
remodeling,	it	does	not	have	to	be	preceded	by	resorption.	The	activation	of	cells
that	resorb	and	those	that	form	bone	can	occur	on	different	surfaces	within	the
same	bone.	In	addition,	bone	modeling	may	also	be	controlled	by	growth	factors,
as	with	bone	healing,	grafting,	and	osseointegration.

Whether	bone	is	being	modeled	or	remodeled,	it	is	deposited	in	proportion	to
the	compressional	load	it	must	carry.	For	instance,	the	bones	of	athletes	become
considerably	heavier	than	those	of	nonathletes.	Likewise,	a	person	with	one	leg
in	a	cast	who	continues	to	walk	using	only	the	opposite	leg	will	experience	a
thinning	of	the	unused	leg	bone.

Continuous	physical	stress	stimulates	osteoblastic	activity	and	calcification	of
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graft	is	deficient	in	height,	the	portion	of	the	implant	prosthesis	that	is	above	the
bone	is	greater	than	the	length	of	the	implant	within	it,	possibly	creating	a
destructive	lever	arm	that	will	loosen	the	implant	over	time.	A	ridge	that	is	too
narrow	(ie,	less	than	5	mm	to	accommodate	standard	3.75-mm-diameter
implants)	will	leave	some	of	the	implant	placed	outside	the	bone	or	will	force	the
clinician	to	use	less	desirable	small-diameter	implants	to	gain	the	necessary
osseointegrated	surface	area.	Likewise,	trabecular	bone	that	is	not	sufficiently
dense	either	will	fail	to	osseointegrate	or	will	lose	its	osseointegration	over	time.
Ideally,	the	marginal	and	apical	parts	of	the	implant	should	be	fully	engaged	in
cortical	bone	or	in	cancellous	bone	that	has	a	high	proportion	of	bony	trabeculae
to	support	it.	The	ingrowth	of	fibrous	tissue	between	the	bone	and	implant	also
decreases	the	chances	for	long-term	success	and	the	ability	to	withstand
mechanical	and	microbial	insults.	In	some	cases	this	can	be	prevented	by
protecting	against	micromo-bility	and	by	using	protective	barrier	membranes
during	healing.	This	is	discussed	in	chapter	3.	It	is	crucial	to	achieve	initial
stability	and	osseointegration	because	a	clinically	mobile	implant	has	never	been
observed	to	become	reosseointegrated.28	Once	stability	is	lost,	the	implant	can
only	be	removed.

Fig	1-10

(a)	Placing	an	implant	traumatizes	bone,	stimulating	a	response	to	repair	and
remodel.	Using	sharp	burs	and	good	saline	irrigation	minimizes	trauma	to	both

bone	and	soft	tissues,	helping	to	maintain	tissue	viability.

(b)	The	rough	surface	of	the	dental	implant	allows	for	fibrin	attachment	and
subsequent	adhesion	molecule	production	and	cellular	proliferation	to	enhance

collagen	synthesis	and	to	regulate	bone	metabolism.
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and	the	initial	resorption	of	bone	crushed	against	the	metal	surface.	The
osteophyllic	phase	lasts	about	1	month.

Osteoconductive	Phase

Once	they	reach	the	implant,	the	bone	cells	spread	along	the	metal	surface
(osteoconduction),	laying	down	osteoid.	Initially,	this	is	an	immature	connective
tissue	matrix,	and	the	bone	deposited	is	a	thin	layer	of	woven	bone	called	a	foot
plate	(basis	stapedis).	The	fibrocartilaginous	callus	is	eventually	remodeled	into
bone	callus	(woven	and,	later,	lamellar)	in	a	process	similar	to	endochondral
ossification.	This	process	occurs	during	the	next	3	months	(peaking	between	the
third	and	fourth	week)	as	more	bone	is	added	to	the	total	surface	area	of	the
implant.	Four	months	after	implant	placement,	the	maximum	surface	area	is
covered	by	bone.	By	this	point,	a	relatively	steady	state	has	been	reached	and	no
further	bone	is	deposited	on	the	implant	surface.29

Osteoadaptive	Phase

The	final,	or	osteoadaptive,	phase	begins	approximately	4	months	after	implant
placement.	A	balanced	remodeling	sequence	has	begun	and	continues	even	after
the	implants	are	exposed	and	loaded.	Once	loaded,	the	implants	generally	do	not
gain	or	lose	bone	contact,	but	the	foot	plates	thicken	in	response	to	the	load
transmitted	through	the	implant	to	the	surrounding	bone,	and	some	reorientation
of	the	vascular	pattern	may	be	seen.

Because	grafted	bone	integrates	with	implants	to	a	higher	degree	than	does
natural	host	bone,13	bone	grafting	is	recommended	around	implants	placed	in
sites	where	bone	volume	or	density	is	deficient	or	where	there	is	a	history	of
implant	failure.	When	rehabilitating	reconstructed	jaws,	it	is	even	preferable	to
place	implants	in	grafted	bone	rather	than	in	normal	bone,	although	each	type	of
bone	is	acceptable.	To	achieve	optimal	results,	an	osseointegration	period	of	4
months	prior	to	loading	is	recommended	for	implants	placed	in	grafted	bone,	and
4	to	8	months	prior	to	loading	for	implants	placed	in	normal	bone,	depending	on
its	density.

Summary
A	thorough	knowledge	of	bone	physiology,	biology,	and	mass	is	essential	for
understanding	bone	behavior	during	oral	bone	grafting,	implant	placement,
osseointegration,	and	long-term	bone	maintenance.	Osteoblasts,	which	are
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(f)	Tissues	are	incised	by	layers	to	the	bone;	an	appropriate	bur	is	then	used	to
create	a	small	opening	in	the	cortical	bone.	Bone	is	then	harvested	with	a	no.	4
Molt	curette	(G.	Hartzell	&	Son,	Concord,	CA)	or	a	straight	orthopedic	curette.

(g)	Additional	bone	marrow	can	be	scooped	from	the	tibia	with	back-angle
curettes	to	allow	deeper	access	when	needed.

(h)	The	cavity	created	within	the	bone.	A	hemostatic	agent	is	placed	in	the	cavity
prior	to	suturing	in	layers.	Within	3	to	4	months,	the	cancellous	bone	will

naturally	regenerate.
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(e)	The	osseous	coagulum	is	placed	in	a	receptacle	in	which	additional
allogeneic	or	alloplastic	graft	materials	can	be	added	to	increase	the	total

volume.	Platelet-rich	plasma	(PRP)	can	be	added	to	increase	healing	capacity.

(f)	A	curled	strip	of	bone	shaving	seen	under	a	scanning	electron	microscope
reveals	how	multiple	shavings	can	provide	a	greater	exposed	volume	for	release
of	cells	and	proteins	in	the	recipient	site	than	they	supplied	at	the	donor	site.

(g)	A	nondisposable	bone-shaving	device	can	also	be	used	with	a	pull	stroke
over	the	bone	surface.

(h)	The	blade	can	be	removed	to	access	the	bone	collected	in	the	chamber.
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MTF	(Dentsply	Friadent	CeraMed,	Lakewood,	CO)	is	an	allogeneic	freeze-
dried	bone	that	is	available	in	both	mineralized	and	demineralized	forms.	FDBA
is	more	effective	than	DFDBA	in	the	following	situations:
1.	 Repair	and	restoration	of	fenestrations
2.	 Minor	ridge	augmentation
3.	 Fresh	extraction	sites	(used	as	a	fill)
4.	 Sinus	lift	cases	(used	as	a	graft)
5.	 Repair	of	dehiscences	and	failing	implants

This	particulate	material	is	available	in	a	variety	of	sizes,	which	should	be
selected	according	to	the	intended	application.	Similar	graft	results	have	been
shown	from	the	use	of	particles	ranging	from	200	to	1,000	µm	for	various	cases
as	needed.	Indications	for	DFDBA	are	limited	to	periodontal	defects.

Puros	(Zimmer	Dental,	Carlsbad,	CA)	is	an	allogeneic	graft	material	that	has
undergone	a	well-tested	processing	method	to	reduce	antigenicity	and	to
minimize	any	risk	of	viral	cross-contamination	from	donor	material.19	This	type
of	allograft,	which	is	solvent-preserved	(as	opposed	to	freeze-drying	to	extract
the	water	component),	has	been	shown	to	osseointegrate	as	effectively	as
cryopreserved	material	and	to	be	equally	biotolerable.20	Animal	and	human
studies	of	this	material	have	shown	good	bone	formation	and	repair	results.21,	22,
23,	24	Moreover,	because	the	water	component	is	removed	by	solvents	rather	than
by	freeze-drying,	which	can	potentially	alter	the	mineral	as	a	result	of	the
volume	expansion	that	occurs	during	the	transition	from	the	liquid	to	the	solid
phase,	the	mineral	matrix	is	purported	to	remain	more	intact.20	This	material	also
has	both	the	mineral	and	collagen	phases	of	allogeneic	tissues	(Fig	2-9).

Dentlearn.ir





(c)	Additional	cultures	are	taken	throughout	the	various	steps	of	tissue
processing.	Material	that	is	ready	for	distribution	may	have	undergone	as	many

as	200	cultures.

(d)	High-quality	tissue	banks	follow	strict	procedures	for	preparing	and
procuring	specimens,	beginning	with	a	full	surgical	preparation	within	24	hours

of	the	donor’s	death.

(e)	The	donor	is	prepared	in	completely	sterile	and	aseptic	conditions.	A	detailed
autopsy	is	conducted	to	ensure	that	there	are	no	underlying	medical	conditions

that	could	contraindicate	the	use	of	the	donor’s	tissues.

(f)	The	different	tissues	are	classified	and	placed	in	trays.

(g)	The	soft	tissue	is	stripped	from	the	bone	surface,	both	by	hand	and
mechanically.

(h)	Large	pieces	of	bone	are	cleaned	and	placed	in	separate	containers.

(i)	Osseous	tissues	are	cut	into	different	configurations	according	to	the	request
of	various	surgical	specialties	(eg,	orthopedics,	oral	surgery).

(j)	Bones	are	cut	into	standard	sizes	and	shapes	or,	when	possible,	based	on	a
surgeon’s	particular	needs.

(k)	The	grafts	are	then	ready	for	the	removal	of	lipids,	cells,	and	moisture.

(l)	Tissues	are	soaked	in	sterile	solutions	to	remove	unwanted	compounds.

(m)	Once	the	lipids	and	cells	are	removed,	the	pieces	are	crushed	into	powders.

(n)	The	bone	powders	are	passed	through	sifters	to	obtain	particles	of	various
sizes.
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(o)	The	powders	are	freeze-dried	in	liquid	nitrogen	tanks	or	with	chemical
solvents	to	eliminate	all	remaining	moisture.

(p)	The	freeze-dried	bone	is	packaged	in	airtight	containers	and	numbered	for
tracking	before	distribution.	Demineralized	freeze-dried	bone	is	obtained	by
placing	freeze-dried	bone	in	a	strong	hydrochloride	acid	bath	to	remove	its

mineral	matrix.
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extent	to	assess	the	osteoconductivity	of	DFDBA.26

DFDBA	has	been	combined	with	other	materials	that	have	the	potential	to
enhance	bone	growth.	For	example,	the	use	of	tetracycline	with	a	DFDBA
allograft	has	been	studied.	No	significant	benefit	was	shown	to	be	derived	from
reconstituting	the	DFDBA	particles	in	tetracycline	hydrochloride	during	grafting
of	osseous	defects.	28	Osteogenin,	a	bone-inductive	protein	isolated	from	human
long	bones,	has	been	combined	with	DFDBA	and	studied	in	the	regeneration	of
intrabony	periodontal	defects.	While	regeneration	of	new	attachment	apparatus
and	component	tissues	was	significantly	enhanced	with	this	combination,	new
bone	regeneration	was	not.29

A	study	using	athymic	rats	has	shown	that	two	commercially	prepared	and
available	DFDBA	preparations	with	gel	carriers—Osteofil	(Regeneration
Technologies,	Alachula,	FL)	and	Grafton	(Osteotech,	Eatontown,	NJ)—yielded
similar	results	in	bone	formation	via	osteoconductivity	at	28	days	after
implantation.	However,	significantly	more	bone	was	produced	by	Grafton	than
by	Osteofil,	suggesting	that	graft	processing	methods	could	represent	a	greater
source	of	variability	than	do	differences	among	donors.30

Irradiated	cancellous	bone	(Rocky	Mountain	Tissue	Bank,	Denver,	CO)	has
also	been	used	as	a	substitute	graft	material	for	autogenous	bone.31,	32	This	bone
allograft	is	trabecular	bone	obtained	from	the	spinal	column	and	treated	with
between	2.5	and	3.8	Megarads	of	radiation.	Some	authors	have	reported	that
among	all	available	allografts,	irradiated	bone	is	most	similar	to	autogenous
bone	in	terms	of	demonstrating	rapid	replacement	and	consistent	establishment
of	a	reasonable	ratio	of	new	bone	with	less	expense	and	morbidity	than	that
associated	with	autogenous	material.31,	32	However,	because	of	a	lack	of
published	scientific	documentation,	use	of	this	material	is	not	recommended.

Alloplasts,	Xenografts,	and	Tissue-Engineered
Materials

The	most	commonly	used	bone	substitutes	are	ceramic	materials,	including
deorganified	bovine	bone,	synthetic	calcium	phosphate	ceramics	(eg,
hydroxyapatite,	TCP),	and	calcium	carbonate	(eg,	coralline).	The	mechanism	of
action	in	these	ceramics	is	strictly	osteoconduction,3,	33	with	new	bone	formation
taking	place	along	their	surfaces.13,	34	These	materials	are	used	to	reconstruct
bony	defects	and	to	augment	resorbed	alveolar	ridges	by	providing	a	scaffold	for
enhanced	bone	tissue	repair	and	growth.	They	can	also	improve	probing	depths
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OsteoGen	(Impladent,	Holliswood,	NY)	is	a	synthetic	bioactive	resorbable	graft
(SBRG).	It	is	an	osteoconductive,	nonceramic	graft	material	indicated	for
contouring	and	improving	alveolar	ridge	deformities;	filling	extraction	sockets;
using	around	dental	implants	and	in	sinus	grafts;	and	repairing	marginal,
periapical,	and	periodontal	alveolar	bony	defects	(Fig	2-13).	A	true	synthetic,
OsteoGen	contains	no	organic	components	and	can	be	used	without	fear	of
disease	transmission.

Fig	2-13

OsteoGen	is	a	synthetic	bioactive	resorbable	graft	designed	for	bone
augmentation	or	repair	of	alveolar	defects.

This	material’s	highly	porous	crystalline	clusters	act	as	a	physical	matrix	to
permit	the	infiltration	of	bone-forming	cells	and	the	subsequent	deposition	of
host	bone.	As	new	bone	is	deposited,	the	material	progressively	resorbs	over	a	6-
to	8-month	period.	Depending	on	the	size	of	the	defect	and	the	patient’s	age	and
metabolism,	approximately	80%	of	the	material	will	be	resorbed	within	4	to	6
months.

OsteoGen	was	approved	for	marketing	by	the	Food	and	Drug	Administration
in	1984	and	is	available	in	sterile	crystalline	cluster	form	(300	to	400	µm)	in
0.75-,	1.5-,	and	3.0-g	vials	and	0.3-g	prefilled	syringes.

Tricalcium	phosphate

TCP	is	similar	to	hydroxyapatite,	but	it	is	not	a	natural	component	of	bone
material.	In	the	body,	TCP	is	converted	in	part	to	crystalline	hydroxyapatite.2
The	rate	of	TCP	resorption	varies	and	appears	to	depend	greatly	on	the	material’s
chemical	structure,	porosity,	and	particle	size.	Like	all	bone	substitute	materials,
TCP	is	osteoconductive	and	is	intended	to	provide	a	physical	matrix	that	is
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phosphate	in	a	proportion	similar	to	that	found	in	bone	and	teeth,	as	well	as
sodium	salts	and	silicon,	which	are	essential	for	bone	to	mineralize.	An
amorphous	material,	bioactive	glass	ceramic	is	not	available	in	a	crystalline	form
(to	strengthen	the	material)	because	its	developers	suggested	that	degradation	of
the	material	by	tissue	fluids	and	subsequent	loss	of	the	crystals	could	cause	a
loss	of	integrity.	Because	it	is	not	porous,	tissue	and	blood	vessel	ingrowth	is
prevented.	The	biologic	impact	of	this	property	is	not	known,	and	few	studies
support	the	use	of	this	material	in	periodontal	and	maxillofacial	applications.

Bioactive	glass	ceramics	have	two	properties	that	contribute	to	the	successful
results	observed	with	its	use:	(1)	a	relatively	quick	rate	of	reaction	with	host
cells,	and	(2)	an	ability	to	bond	with	the	collagen	found	in	connective	tissue.69	It
has	been	reported	that	the	high	degree	of	bioactivity	may	stimulate	the	repair
process	and	induce	osteogenesis.56	Because	the	bioactivity	index	is	high,
reaction	layers	develop	within	minutes	of	implantation.	As	a	result,	osteogenic
cells	in	the	implantation	site	may	colonize	the	surface	of	the	particles	and
produce	collagen	on	these	surfaces.	Osteoblasts	then	lay	down	bone	material	on
top	of	the	collagen.	The	latter	action	may	supplement	the	bone	that	grows	by
osteoconduction	from	the	alveolus.

Bioglass	is	reported	to	bond	not	only	to	bone,	but	also	to	soft	connective
tissues.70	Collagen	produced	by	osteogenic	and	non-osteogenic	cells	(eg,
fibroblasts)	becomes	embedded	in	the	interfacial	layer	as	it	grows	and	may
provide	a	compliant	adherent	interface	with	the	graft	material.	The	cells	also
appear	to	lay	down	collagen	above	the	level	of	the	particulate.	This	collagen
attaches	to	the	superficial	particles,	immobilizing	them	in	the	soft	tissue.	A
mechanically	compliant	layer	approximately	0.3	mm	in	thickness	is	created,
which	may	aid	in	the	repair	of	the	connective	tissue	ligament.71	However,	much
of	the	biologic	significance	of	the	properties	of	bioactive	glass	remains	to	be
discovered,	and	there	is	no	documentation	that	the	material	aids	in	periodontal
regeneration.	58	For	example,	one	study	recommends	against	the	use	of	bioactive
glass	alloplast	and	GBR	to	augment	a	localized	ridge	to	place	implants.72

The	endosseous	ridge	maintenance	implant	(ERMI,	US	Biomaterials)	is	a
cone-shaped	device	made	of	Bioglass	that	is	placed	in	the	extraction	socket	(Fig
2-18).73	The	manufacturer	recommends	this	implant	system	for	maxillary	and
mandibular	premolars	and	anterior	teeth;	it	can	also	be	used	for	preserving	the
contour	of	the	alveolar	ridge	following	tooth	removal.	This	implant	acts	under	a
time-dependent	kinetic	modification	of	its	surface	after	placement;	within	1	hour
of	implantation,	a	chemical	bond	appears	to	form	within	the	bone	tissue.73
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previous	treatment	with	radiation	or	chemotherapy;	irradiated	tissue	bed),	local
osteogenic	potential	of	the	defect	(eg,	defect	size;	ratio	of	host	bone	to	graft
material;	number	of	walls	of	the	defect;	geometry	of	the	defect;	soft	tissue	bed;
adjacent	scar	tissue;	health	of	adjacent	periosteum;	stability	of	the	graft	material;
soft	tissue	closure;	use	of	interim	restorative	device	over	and	around	grafted
site),	the	osteogenic	potential	of	the	graft	site	(eg,	configuration	and	geometry	of
graft	material;	stability	of	graft	material;	soft	tissue	closure;	soft	tissue	matrix	for
graft	site),	the	surgeon’s	skill,	and	the	time	available	for	graft	maturation.	The
composition	of	the	grafting	mix	used	should	correspond	to	the	material’s
mechanism	of	action,	the	osteogenic	potential	of	the	defect/host,	and	the	time
available	for	graft	maturation.

In	general,	alloplasts	can	be	used	alone	or	with	allografts	or	tissue-engineered
materials	for	small	defects	in	healthy	patients.	Autogenous	bone	must	be	added
for	progressively	more	unhealthy	patients	with	relatively	larger	defects.	The
lower	the	osteogenic	potential	of	the	defect	and	of	the	patient,	the	greater	the
amount	of	autogenous	bone	required	(Fig	2-22).	The	higher	the	osteogenic
potential	of	the	defect	and	of	the	patient,	the	smaller	the	amount	of	autogenous
bone	required	and	the	more	allogeneic	and	alloplastic	materials	can	be	used	(Fig
2-23	and	Table	2-2).

Table	2-3	compares	the	particulate	graft	materials	described	in	this	chapter
and	recommends	the	clinical	situations	and	types	of	defect	for	which	each
material	is	best	suited.	Because	each	material	has	its	own	advantages	and
disadvantages,	the	clinician	should	carefully	review	the	material	chosen	for	each
procedure	to	maximize	success	and	minimize	cost,	time,	and	morbidity	for	a
particular	grafting	situation.	The	higher	the	relative	rank	of	a	material	in	the
table,	the	more	predictable	it	is	for	areas	with	lower	osteogenic	potential;	lower-
ranked	materials	can	be	used	for	areas	with	higher	osteogenic	potential.	Note
that	the	numbering	system	that	is	used	to	rank	the	relative	quality	of	graft
material	for	bone	formation	was	created	by	the	author	based	on	both	clinical
experience	and	a	review	of	the	literature.
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a	barrier	in	the	GTR	treatment	of	infrabony	defects.37	According	to	this	study,
the	barrier	was	placed	subsequent	to	flap	elevation,	debridement,	and	root
planing.	Rubber	dam	covered	the	defect	and	surrounding	bone;	the	surgical	flap
covered	rubber	dam,	which	was	removed	after	5	weeks.	Clinical	measurements
and	a	reentry	procedure	at	1	year	showed	the	suitability	of	the	rubber	dam
barrier.	A	1998	study	concluded	that	dental	rubber	dam	can	be	used	as	a	barrier
membrane	for	GTR	procedures	but	that	e-PTFE	membranes	provide	better
probing,	attachment	level,	and	vertical	bone	gains.	This	is	probably	because	of
rubber	dam’s	inability	to	cover	the	regenerated	tissue	completely	as	a	result	of
consistent	recession	of	gingival	tissues	in	dam-treated	sites.40	A	2002	study
compared	the	connective	tissue	and	bacterial	deposits	on	rubber	dam	sheets	and
e-PTFE	membranes	used	as	barrier	membranes	in	GTR	and	found	no	significant
difference	in	the	total	number	of	connective	tissues	on	both	types	of
membranes.41	In	fact,	the	total	amount	of	bacteria	on	rubber	dam	sheets	was
statistically	lower	than	the	amount	on	the	e-PTFE	membranes.	The
comparability	in	the	number	of	connective	tissues	found	on	both	types	of
membranes	suggests	the	suitability	of	using	rubber	dam	sheets	as	barrier
membranes	in	GTR.	These	results	reflect	the	conclusions	of	earlier	studies	that
suggested	no	significant	healing	differences	between	rubber	dam	and	e-PTFE
membranes.38,39
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chondroitin-4-sulfate	and	has	a	resorption	rate	of	4	to	8	weeks;	and	Tissue	Guide
(Koken,	Tokyo,	Japan),	which	is	derived	from	bovine	dermis	and	tendon	and
composed	of	atelocol-lagen	and	tendon	collagen	and	has	a	resorption	rate	of	4	to
8	weeks.52

Polylactic	acid	and	polyglycolic	acid

The	first	resorbable	barrier	to	be	approved	by	the	Food	and	Drug	Administration
(FDA)	for	barrier	membrane	techniques	was	Guidor	(Guidor,	Huddinge,
Sweden),	a	bioresorbable	matrix	barrier	composed	of	a	blend	of	polylactic	acid
that	was	softened	with	citric	acid	for	malleability	and	to	facilitate	clinical
handling.	This	product	is	a	multilayered	matrix	designed	for	ingrowth	of
gingival	connective	tissue,	preventing	apical	downgrowth	of	gingival
epithelium.2	The	inner	layer,	which	is	in	contact	with	the	bone	or	tooth,	features
small	circular	perforations	and	several	space	holders	to	ensure	sufficient	room
for	the	formation	of	new	attachment,	whereas	the	outer	layer,	which	is	in	contact
with	the	gingival	tissue,	has	larger	rectangular	perforations	to	allow	rapid	growth
of	gingival	tissue	into	the	interspace	between	the	two	layers,	preventing	or
minimizing	epithelial	downgrowth.8,	66,	67	The	resorption	process	of	the	material
is	programmed	to	ensure	that	it	will	function	as	a	barrier	for	a	minimum	of	6
weeks,	after	which	time	it	slowly	resorbs.	Complete	resorption	occurs	at
approximately	12	months	(Fig	3-18).67,	68

Several	studies	have	demonstrated	the	efficacy	of	polylactic	acid	(PLA)
membranes	to	produce	the	formation	of	new	attachment	and	bone	in	the
treatment	of	interproximal	defects	and	gingival	recession	in	primates,	as	well	as
infrabony	defects	and	Class	II	furcation	defects	in	humans.	68,	69,	70,	71,	72	The
results	obtained	in	these	studies	showed	that	the	use	of	this	matrix	barrier	around
teeth	resulted	in	reduced	probing	depths;	a	gain	in	clinical	attachment;	and	a
very	low	incidence	of	gingival	pathologic	disease,	gingival	recession,	and	device
exposure.68

However,	some	researchers	failed	to	demonstrate	any	advantage	in	the	use	of
PLA	membranes	in	the	treatment	of	circumferential	periodontal	defects	in	dogs,
contradicting	the	results	of	their	previous	study	that	used	the	same	membranes	in
dogs.16,	73	The	reason	for	the	difference	in	the	results	may	be	related	to	the
defect	type—surgically	created	dehiscence	defects	on	the	buccal	aspects	of
maxillary	and	mandibular	premolars	versus	surgically	created	circumferential
(one-wall	vertical	and	horizontal)	defects	on	maxillary	premolars.	16,	73	A	later
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Another	clinical	study	in	primates	compared	PLA	membranes	with	PLA	mesh
barriers.75	The	results	demonstrated	the	superiority	of	the	membranes	in	the
production	of	new	attachment	and	biocompatibility	compared	with	the	mesh
barriers,	which	showed	downgrowth	of	the	epithelium	along	or	around	the
device,	gingival	recession,	device	exposure,	and	pronounced	soft	tissue
inflammation.	A	third	clinical	study	compared	the	effectiveness	of	bioresorbable
PLA	membranes	with	e-PTFE	membranes	in	the	treatment	of	Class	II	furcation
defects	in	humans	.76	This	study	showed	that	although	there	was	a	significant
gain	in	clinical	attachment	with	the	use	of	both	barriers,	the	use	of	bioresorbable
membranes	resulted	in	a	significantly	greater	gain	in	clinical	horizontal
attachment	and	less	gingival	recession.	Postoperative	complications,	such	as
swelling	and	pain,	occurred	more	frequently	after	the	use	of	e-PTFE	barriers,
usually	during	the	first	month	of	healing.

Researchers	compared	the	reliability	of	resorbable	PLA	barriers	and
nonresorbable	e-PTFE	membranes	for	root	coverage	and	clinical	attachment
gain	in	the	treatment	of	human	recession	defects	and	reported	no	differences	for
any	of	the	clinical	variables	assessed.66	However,	the	advantages	of	the
bioresorbable	barrier	included	reduced	discomfort,	stress,	and	expense	because
of	the	single-step	procedure.	Others	showed	significantly	more	new	attachment
formation	and	less	gingival	inflammation	and	device	exposure	with	the	use	of
PLA	membranes	when	compared	with	e-PTFE	membranes.77

With	respect	to	treatment	outcome	variables	related	to	the	use	of	PLA	barrier
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Other	softer	and	easier	to	manipulate	membranes	of	a	similar	composition
have	become	available,	such	as	Resolut	Adapt.	This	regenerative,	synthetic
membrane	can	remain	virtually	intact	for	8	to	10	weeks;	its	features	include
softness,	suppleness,	and	drapeability.	Resolut	Adapt	LT	(long	term)	can	stay
virtually	intact	for	16	to	24	weeks.	It	is	composed	of	the	same	types	of
bioabsorbable	polymers	that	have	been	used	safely	for	a	considerable	length	of
time	in	sutures,	surgical	meshes,	and	implantable	devices.

OsseoQuest	(W.	L.	Gore)	is	another	synthetic	membrane	that	remains
substantially	intact	for	16	to	24	weeks.	It	consists	of	a	three-layer	structure	with
two	random	fiber	matrices	on	either	side	of	a	cell-occlusive	film.	The	membrane
is	composed	of	PGA,	PLA,	and	trimethylene	carbonate	(Fig	3-20).

Synthetic	liquid	polymer
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a	wet	surface.	Once	wetted,	the	Atrisorb	gel	will	be	injected	onto	the	wet	pad
and	will	set	into	a	solid	membrane.

(c)	Two	blue	plastic	bands	(spacers)	of	a	predetermined	thickness	prevent
complete	closure.	The	Atrisorb	is	injected	onto	the	wetted	white	sponge	pad

between	the	two	blue	bands,	and	the	lid	of	the	device	is	closed.

(d)	The	space	on	the	wetted	sponge	pad	created	by	the	spacers	is	filled	with	the
liquid	polymer,	which	becomes	rigid	upon	contact	with	the	wet	surface.	After
several	minutes,	the	device	is	opened	and	the	newly	formed	solid	membrane	is

lifted	out.

(e)	The	newly	formed	membrane	is	now	ready	for	use.	The	membrane’s	rigidity
facilitates	cutting	and	shaping,	while	its	malleability	allows	it	to	adapt	to	the

defect.

(f)	Alternatively,	a	much	more	practical	method	of	using	this	material	is	to
simply	attach	an	18-gauge	needle	onto	the	vial	of	Atrisorb.	The	Atrisorb	can	be
placed	or	injected	directly	onto	the	defect	and	will	set	into	a	solid	membrane

after	wetting	with	water	or	saliva.
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Polyglactin

Another	bioresorbable	material	that	has	been	developed	as	a	barrier	membrane	is
a	woven	mesh	barrier	made	of	polyglactin	910	(Vicryl	Periodontal	Mesh),	a
copolymer	of	PGA	and	PLA	with	a	resorption	rate	of	30	to	90	days.	The	results
of	several	studies	have	questioned	the	use	of	polyglactin	for	GTR	procedures,
reporting	that	the	mesh	provides	an	insufficient	barrier	because	of	fragmentation
of	the	material.	The	integrity	of	the	mesh	is	lost	after	14	days,	and	the	cervical
seal	between	the	mesh	and	the	adjacent	tooth	may	not	be	perfect,	allowing	for
the	growth	of	connective	tissue	and	epithelium	between	the	root	surface	and	the
barrier	(Fig	3-22).67,	85

A	clinical	and	histologic	study	in	primates	that	compared	the	design	of	the
mesh	barrier	with	a	matrix	barrier	concluded	that	the	healing	processes	differed
considerably.	Histologically,	complete	integration	with	the	surrounding	tissue
was	found	with	a	majority	of	the	matrix	barriers,	preventing	epithelial
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(b)	The	cadaver	skin	undergoes	dermal	cell	solubilization,	or	elimination	of	the
epithelium	and	the	underlying	hair	follicles,	sebaceous	glands,	vascular

network,	etc,	that	can	trigger	an	immunologic	response.

(c)	AlloDerm	(left)	maintains	its	collagen,	elastin,	and	proteoglycans,	providing
an	undamaged	acellular	dermal	matrix,	unlike	freeze-dried	skin	(right).

(d)	At	the	start	of	the	surgery,	the	AlloDerm	graft	is	placed	in	saline	solution	for
rehydration.

(e)	Once	rehydrated,	AlloDerm	tissue	is	indistinguishable	from	a	dermal
autograft.	It	is	important	to	follow	the	product’s	instructions	carefully	to	ensure

that	the	correct	side	of	the	tissue	is	placed.

(f)	This	tooth	extraction	case	requires	optimal	bone	formation	for	future	implant
placement.

(g)	The	AlloDerm	membrane	is	cut	to	fit	the	site	and	then	placed.

(h)	Primary	closure	is	not	possible	without	damaging	the	gingival	architecture.
The	AlloDerm	tissue	can	be	left	exposed	to	the	oral	cavity	or	covered	with

periodontal	cement.

(i)	Early	healing	(3	weeks	postsurgery)	shows	that	epithelium	has	completely
migrated	over	and	into	the	AlloDerm	membrane.	Pigment	and	texture	match
those	of	the	surrounding	tissues.	The	soft	tissue	graft	will	continue	to	mature
over	the	next	several	weeks	and	the	color	and	texture	will	improve	further.

Dentlearn.ir













contraindicated;	in	other	situations,	where	membrane	exposure	is	possible,	the
use	of	resorbable	membranes	is	contraindicated.25	The	observations	of	various
studies	indicate	that	the	procedure	is	sensitive	and	dependent	on	the
characteristics	of	the	membrane	used.	However,	the	capacity	to	prevent	or	retard
epithelial	migration	along	tooth	surfaces	is	essential.

Because	each	barrier	membrane	material	has	specific	benefits	and	limitations,
and	none	has	been	found	to	be	ideal	for	every	clinical	situation,	the	clinician
must	have	a	fundamental	understanding	of	the	different	membranes	available
and	use	them	selectively,	based	on	the	indications	of	each	case.	Table	3-1
compares	the	barrier	membrane	materials	described	in	this	chapter	and
recommends	the	procedures	and	types	of	defects	for	which	each	material	is	best
suited.	Because	each	material	has	its	own	advantages	and	disadvantages,	the
clinician	should	carefully	review	the	material	being	used	for	each	procedure	to
maximize	success	and	minimize	cost,	time,	and	morbidity	for	a	particular
situation.	The	higher	the	relative	rank	of	a	material,	the	more	predictable	it	is	for
areas	with	lower	osteogenic	potential;	lower-ranked	materials	can	be	used	for
areas	with	higher	osteogenic	potential.	Note	that	the	numbering	system	used	to
rate	the	relative	quality	of	each	membrane	for	bone	and/or	soft	tissue	growth	was
created	by	the	author	based	on	his	clinical	experience	and	a	review	of	the
literature.

Table	3-1

Comparison	of	barrier	membranes
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(b)	Extraction	is	performed	atrau-matically,	leaving	the	bony	walls	surrounding
the	socket	intact.	PepGen	P-15	Flow	(particles	suspended	in	a	hydrogel)	is
chosen	to	graft	this	socket	because	there	is	adequate	bony	support	for	the

material.

(c)	The	socket	is	completely	filled	to	the	bone	level.

(d)	Sutures	are	used	to	approximate	the	flaps	as	closely	as	possible.	Due	to	the
gel	consistency	of	the	material,	primary	closure	is	not	necessary.

Choosing	a	Graft	Material
One	of	the	difficult	aspects	of	ridge	preservation	is	choosing	an	appropriate	graft
material	for	the	specific	site.	To	determine	which	material	is	needed,	the
clinician	should	evaluate	the	size	and	configuration	of	the	defect	and	then
calculate	the	amount	of	bone	needed	to	replace	the	missing	tissue.	Larger	defects
require	autogenous	bone	because	it	provides	the	maximum	amount	of	cellularity
and	structure	and	contains	proteins	and	cells	that	can	cause	osteoinduction	of
new	tissue.	On	the	other	hand,	smaller	defects	may	be	appropriate	candidates	for
allografts,	alloplasts,	or	xenografts.

The	best	time	to	preserve	a	ridge	or	to	augment	a	tooth	socket	is	at	the	time	of
tooth	removal.	Often	what	seems	to	be	a	simple	procedure	can	lead	to
complicated	problems	with	bone	missing	from	the	labial	aspect	and	a
compromised	esthetic	contour.	If	the	lack	of	bone	contour	can	be	determined	at
the	time	of	initial	examination,	then	scheduling	the	patient	for	surgical	removal
of	the	tooth	and	grafting	in	a	single	appointment	is	appropriate.	However,	tooth
extraction	and	grafting	should	not	be	attempted	in	the	presence	of	suppuration,
neoplasms,	cysts,	or	conditions	that	could	cause	infection	or	graft	failure.

When	evaluating	a	patient,	the	clinician	must	identify	the	type	of	defect
present;	this	determination	strongly	influences	the	choice	of	procedure.	For
example,	the	clinician	can	categorize	the	defect	based	on	the	number	of	walls
remaining	in	the	socket,	since	each	of	these	defect	types	requires	a	unique
approach	to	ridge	preservation	and	treatment.

Fig	4-2	Bone	grafting	at	the	time	of	extraction	is	advised	for	defects	with

Dentlearn.ir



extremely	thin	walls.

(a)	When	planning	for	future	implant	placement,	multiple	extractions	show	the
importance	of	proper	grafting	in	the	healing	of	sockets.

(b)	Filling	sockets	with	PepGen	P-15	Flow	helps	maintain	the	width	and	height
of	the	alveolar	ridge.

(c)	Although	some	swelling	is	present	10	days	postoperatively,	the	areas	where
the	implants	will	be	placed	appear	to	be	ideal.	Ideal	ridge	width	and	height	for
implant	placement	could	not	have	been	maintained	without	a	procedure	as

simple	as	socket	grafting.

(d)	Socket	grafting	enables	12	implants	to	be	placed	in	their	correct	three-
dimensional	positions	that	will	later	carry	fixed	restorations.

Five-Wall	Defects

Extraction	sites	with	five	thick	bony	walls	intact	may	not	require	any	grafting	if
there	is	a	large	amount	of	interseptal	bone	present.	However,	if	grafting	is
indicated	or	desired	at	the	time	of	tooth	removal,	any	of	the	grafting	materials	in

Dentlearn.ir







(b)	The	fracture	is	at	the	cervical	third	of	the	root.

(c)	After	extraction,	the	socket	walls	are	carefully	evaluated	to	choose	the
appropriate	graft	material.

(d)	A	large,	round	carbide	bur	is	used	inside	the	socket	to	eliminate	periodontal
ligament	residue	attached	to	the	internal	walls.

(e)	The	cover	on	the	tip	of	the	Flow	syringe	is	removed.

(f)	The	tip	of	the	syringe	easily	fits	into	the	defect,	allowing	the	socket	to	be	filled
from	a	more	apical	position	before	moving	coronally.

(g)	The	material	flows	into	the	socket,	facilitating	the	procedure.

(h)	The	syringe	tip	is	slowly	withdrawn	while	the	Flow	is	injected	to	the	top	of
the	socket	bony	walls.

(i)	The	sutures	approximate	the	flaps	that	were	previously	released	to	avoid
dehiscence	caused	by	tension.

(j)	Implant	placement	is	successful	as	a	result	of	previous	socket	grafting.	The
buccal	wall	of	the	right	central	incisor	will	match	that	of	the	left	central	incisor.

(k)	Final	restoration	in	place	on	the	implant	in	the	grafted	site.	Note	the
maintenance	of	buccal-palatal	width	of	the	ridge.
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needed.

(b)	Thin	buccal	walls	will	undoubtedly	resorb	over	time	if	socket	grafting	is	not
performed.

(c)	A	DFDBA	bone	putty	(Grafton)	is	used.

(d)	The	putty	is	mixed	with	an	alloplastic	mineral	material	to	provide	for	a	local
mineral	matrix	in	addition	to	the	DFDBA.	The	consistency	of	the	material	after

mixing	enables	easy	handling.

(e)	Graft	material	is	easily	transported	to	the	sockets,	where	it	will	be	gently
condensed	into	place.

(f)	Any	excess	material	is	removed	to	ensure	that	the	graft	material	extends	only
to	the	top	of	the	bony	walls.

(g)	Primary	closure	is	not	critical	if	the	patient	is	using	a	transitional	immediate
denture	to	keep	the	material	from	washing	out.

(h)	The	ridge	has	been	preserved	for	implant	placement.	Grafting	at	an	early
phase	and	in	a	simple	manner	avoids	potentially	more	involved	grafting

procedures	later.	This	case	may	have	required	autogenous	block	grafts	if	socket
grafting	had	not	been	performed	at	the	time	of	extractions.

Fig	4-5	At	four-wall	defect	sites,	if	socket	walls	are	not	grafted,	the	bone	will
narrow	during	wound	healing,	leaving	inadequate	width	for	implant	placement.

(a)	This	residual	root	must	be	extracted.	To	prevent	ridge	resorption,	socket
grafting	is	needed	to	allow	for	future	implant	placement.

(b)	Atraumatic	extraction	helps	maintain	as	much	bone	as	possible;
nevertheless,	a	portion	of	the	buccal	wall	is	missing,	and	the	remaining	wall	is

extremely	thin.
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(c)	DBX	putty	material	is	chosen	to	graft	the	extraction	socket.

(d)	In	its	putty	form,	this	allograft	has	enough	body	to	be	molded	into	a	shape
closely	approximating	that	of	the	extracted	root.

(e)	Giving	the	graft	material	this	root-like	shape	helps	ensure	that	the	cavity	is
filled	more	completely	and	avoids	leaving	any	dead	space	in	the	extraction

socket.

(f)	An	adequate	amount	of	bone	can	already	be	predicted	because	grafting	was
performed	using	an	ideal	material.	The	graft	material	is	placed	only	to	the	top	of

the	bony	walls.
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Fig	4-6	OrthoBlast	II,	an	allograft	putty	composed	of	both	mineralized	and
demineralized	allogeneic	bone,	is	the	graft	material	chosen	for	this	four-wall

defect.

(a)	This	maxillary	right	lateral	incisor	root	was	extracted,	and	the	site	will	be
grafted	in	preparation	for	future	implants.

(b)	OrthoBlast	II	is	placed	in	the	socket.	Without	grafting,	the	socket	is	very
likely	to	undergo	resorption	and	thus	jeopardize	the	successful	placement	of	an

implant.

(c)	The	socket	is	filled	to	the	level	of	the	bone	crest.

(d)	Primary	closure	is	achieved	with	some	scoring	of	the	periosteum,	although
this	is	not	critical.	1.

DynaGraft	II	is	composed	of	DFDBA	in	a	reverse	phase	medium.	Each	lot	of
the	DFDBA	is	tested	in	a	quantitative	in	vitro	assay	for	its	ability	to	stimulate
new	bone	formation.	It	is	highly	malleable	and	easy	to	mold	and	pack	into	a
defect.	DynaGraft	II	thickens	at	body	temperature	and	resists	irrigation	to
minimize	the	likelihood	of	migration	from	the	surgical	site.
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(e)	Note	the	ideal	bone	height	around	the	implant	6	weeks	after	placement.

Three-Wall	Defects

For	a	site	that	has	lost	two	socket	walls	or	that	has	two	or	more	extremely	thin
walls,	bone	grafting	is	strongly	advised	at	the	time	of	extraction.	If	the	socket	is
not	grafted,	the	bone	often	narrows	as	the	wound	heals,	leaving	inadequate	width
to	accommodate	implant	placement.	Autogenous	bone	is	again	the	preferred
material	for	these	defects	because	entire	bony	walls	must	be	regenerated.	If
insufficient	autogenous	bone	is	available,	allogeneic	bone	blocks	mortised
around	the	margins	and	within	the	socket	with	putty	(eg,	Grafton	DBM	Flex)	or,
alternatively,	J-Block	(Zimmer	Dental)	mortised	with	Puros	(Zimmer	Dental),
OrthoBlast	II,	Grafton,	DynaGraft	II,	or	DBX,	can	be	used	(Fig	4-9).	When
using	blocks	of	allogeneic	bone	graft	material,	the	clinician	places	the	block
graft	material	in	the	appropriate	position	over	and	around	the	defect	and	then
uses	the	allogeneic	bone	putty	to	fill	the	defect,	to	“mortar”	the	voids,	and	to	seal
the	margins.	Some	clinicians	use	a	barrier	membrane	to	enhance	the	graft	and
induce	bone	regeneration	by	preventing	soft	tissue	ingrowth,	but	simply
advancing	the	flap	to	obtain	primary	closure	is	typically	sufficient.	However,	it	is
important	to	stabilize	the	allogeneic	block.	Depending	on	the	consistency	of	the
material	being	used,	stabilization	may	require	screw	fixation	or	sling	sutures.
There	is	typically	a	5-	to	6-month	waiting	period	before	implant	placement.

Fig	4-9	Allogeneic	bone	blocks	mortised	with	putty	can	be	used	to	graft	three-
wall	defects	at	the	time	of	extraction.

(a)	These	maxillary	central	incisors	had	been	reimplanted	after	avulsion	5	years
earlier.	Flap	reflection	is	critical	for	three-wall	defects.	In	this	case,	a	high	flap

reflection	helps	determine	the	amount	of	bone	loss.

(b)	The	central	incisors	had	resorbed	and	developed	residual	infection.

(c)	Despite	bone	resorption	around	the	sockets,	good	interdental	crest	height
remains.	The	sockets	are	thoroughly	curetted,	irrigated,	and	debrided	with	a

large	bur	to	eliminate	any	granulation	tissues.
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(d)	An	allogeneic	bone	matrix	(Grafton	DBM	Flex)	is	chosen	to	build	up	the
buccal	bone	and	to	provide	a	matrix	for	the	allogeneic	bone	putty	(Grafton	DBM
Putty).	The	bone	block	matrix	is	used	to	build	up	the	buccal	bone,	and	the	putty
form	is	used	to	mortar	around	the	blocks	and	to	fill	in	the	extraction	socket.

(e)	The	Flex	is	measured	and	trimmed	to	the	appropriate	sizes	and
configurations	for	the	defect.

(f)	The	putty	is	placed	and	condensed	into	the	sockets.

(g)	The	Flex	is	placed	on	the	buccal	aspect.	It	is	important	to	use	periosteal	sling
sutures	to	stabilize	the	Flex.	Note	the	physiologic	appearance	assumed	by	the
graft	material	almost	immediately	after	placement.	When	grafting	with	blocks	of

allogeneic	bone,	the	clinician	must	obtain	primary	closure.

(h)	Optimal	ridge	height	and	width	have	been	achieved	for	future	implant
placement.
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Prosthetic	Management	of	the	Ridge	Preservation
Process
Once	surgical	removal	of	the	tooth	is	completed	and	the	ridge	has	been	restored
through	primary	or	secondary	procedures,	proper	management	of	the	overlying
prosthesis	is	crucial.	A	well-fitted	provisional	restoration,	either	fixed	or
removable,	will	help	dictate	the	final	tissue	contours.	Many	patients	wear	some
type	of	removable	provisional	restoration,	either	a	ridge-lap	design	or	an	ovate
pontic	shape	that	fits	into	the	extraction	site.	An	appliance	with	a	ridge-lap
design	must	be	fabricated	to	avoid	compressing	the	underlying	tissue	and
flattening	the	ridge	contour.	The	ovate	pontic	design	is	preferred	because	it
allows	the	restoration	to	fit	into	the	socket	site	and	to	compress	the	graft
material,	which	may	eliminate	the	need	for	extensive	suturing.

The	goal	of	the	prosthetic	restoration	should	be	to	mimic	the	contours	of	the
natural	tooth.	Appliance	stability	is	important	because	movement	interferes	with
the	adequate	consolidation	of	bone	and	increases	the	likelihood	of	a	failed	graft.
Contacts	with	adjacent	teeth	should	be	approximately	5	mm	above	the
interproximal	bone	level	for	optimal	bone	and	soft	tissue	maturation,	esthetics,
and	predictability.	Both	vertical	and	horizontal	movement	should	be	minimized.

Another	approach	to	the	provisional	restoration	is	the	resin-bonded	fixed
partial	denture.	Using	the	crown	of	the	extracted	tooth	can	fulfill	the	necessary
esthetic	and	functional	requirement.	Most	patients	are	particularly	pleased	with
this	approach	because	it	eliminates	the	need	for	a	removable	appliance.	The
disadvantage	is	that	the	fixed	partial	denture	is	more	difficult	to	construct	and
place.	It	is	also	more	difficult	to	monitor	the	soft	tissue	contours,	and	a	soft
tissue	dehiscence	may	occur.

Soft	Tissue	Considerationsin	Ridge	Preservation

To	optimize	the	ridge	for	future	implant	placement,	it	is	important	to	preserve
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and	maintain	not	only	the	hard	tissue	structure	but	also	the	soft	tissues.	For	this
reason,	the	extractions	must	be	absolutely	atraumatic	and	maintain	the	bony
architecture	as	well	as	the	soft	tissue	architecture.	For	closure	after	grafting	the
socket,	the	flaps	are	pulled	together	slightly	with	sutures,	but	several	millimeters
can	be	left	exposed	when	using	gel	or	putty	configuration	materials.	However,	if
the	graft	material	is	autogenous	bone,	the	grafted	material	is	only	particulate
material	and	not	in	a	putty	or	gel	configuration,	or	if	the	extraction	socket	is
wide,	primary	soft	tissue	closure	is	critical.	This	can	be	accomplished	by
reflection	and	advancement	of	the	flap	(see	Figs	4-10	and	4-11)	or,	alternatively,
by	using	a	harvested	connective	tissue	graft	(Fig	4-12).

Fig	4-12	When	more	than	several	millimeters	of	the	grafted	socket	will	be
exposed	by	simply	suturing	the	buccal	and	palatal	tissue,	a	soft	tissue	graft	is
important.	This	minimizes	the	amount	of	graft	material	that	will	wash	out	and

also	allows	for	excellent	soft	tissue	contour	and	color.

(a)	Residual	maxillary	first	molar	roots	requiring	extraction.

(b)	After	extraction,	the	sockets	will	require	grafting.	The	soft	tissue	is	also
deficient.

(c)	Although	the	socket	is	completely	filled,	soft	tissue	approximation	is	not
possible.

(d)	A	connective	tissue	graft	is	harvested	from	the	palate.

(e)	The	connective	tissue	graft,	which	is	placed	over	the	bone	graft	and	under
the	buccal	and	palatal	flaps	of	the	extraction	socket,	is	held	in	place	with	several

sutures.

(f)	Ridge	volume	is	maintained	and	attached	gingiva	has	formed	with	excellent
color	match	to	provide	good	hard	and	soft	tissue	formation	in	the	area	for	future

implant	placement.
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Ridge	Preservation	During	Implant	Placement
Once	the	ridge	has	been	prepared	or	maintained,	placing	the	implant	is	the	final
important	step	in	the	overall	treatment	plan.	The	incision	technique	and	flap
design	are	extremely	important	in	achieving	the	best	result.	Proper	blood	flow	to
the	surgical	area	will	dictate	the	success	of	the	flap	design	and,	ultimately,
osseointegration	of	the	implant.

The	midcrestal	incision	with	a	full-thickness	mucoperiosteal	flap	is	most	often
used	to	access	the	area.	This	technique	allows	for	the	best	visualization	of	the
osteotomy	site	and	for	positioning	the	implant	with	good	bone	contours.	The
incision	can	include	or	exclude	the	papilla,	but	the	potential	for	scarring	in	a
vertical	direction	must	be	addressed.

At	the	time	of	reentry	there	should	be	adequate	soft	tissue,	and	the	recipient
grafted	site	may	yield	dense	bone	material	if	adequate	time	has	elapsed	for	bone
maturation.	The	time	frame	of	the	reentry	often	influences	the	degree	of	graft
consolidation.	Incision	design	should	allow	for	primary	closure	over	the	implant
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(d)	The	volume	of	bone	that	will	be	obtained	from	the	harvested	block	is	within
an	acceptable	range.	Because	a	certain	degree	of	resorption	must	be	expected,	it
is	best	to	overestimate	rather	than	underestimate	the	amount	of	volume	needed

since	recontouring	of	the	bone	to	reduce	volume	is	always	an	option.

(e)	A	simple	resorbable	collagen	membrane,	which	resorbs	in	2	weeks,	is	placed
over	the	grafted	bone	to	retard	fibrous	downgrowth	during	initial	healing.
Placement	of	a	longer-lasting	resorbable	membrane	or	even	a	nonresorbable
membrane	is	necessary	only	if	a	large	amount	of	particulate	bone	is	placed

around	the	blocks.

(f)	The	membrane	fully	covers	the	grafted	area	and	remains	immobilized	as	the
flap	is	brought	down	without	needing	to	be	tacked	down.

(g)	Immediate	postoperative	panoramic	radiograph	showing	the	radiolucent
donor	sites	that	will	gradually	fill	in	with	new	bone.	At	the	recipient	site	the
metal	screws	can	be	observed.	These	will	be	removed	during	the	implant

placement	procedure,	just	prior	to	drilling.
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Fig	5-7	Implants	are	placed	in	the	grafted	area.	Intraoral	block	grafts	are
generally	allowed	to	mature	for	4	months	in	a	maxillary	recipient	site.

(a)	The	volume	of	bone	obtained	enables	the	implants	to	be	placed	in	their
correct	buccopalatal	position.

(b)	Four	months	after	implant	placement	and	1	week	after	stage	2	uncovering
surgery,	the	gingiva	is	healing	around	the	abutments.	An	acceptable	amount	of

connective	tissue	surrounds	each	healing	abutment.

(c)	Final	restorations	supported	by	the	implants	and	the	natural	teeth	as	well	as
an	adequate	arch	width	and	height	all	the	way	around	are	possible	when	a

careful	treatment	plan	is	followed	step-by-step	from	the	beginning	of	treatment.

Intraoral	block	grafts	like	those	from	the	ramus	are	generally	allowed	to
mature	for	a	minimum	of	4	months	in	a	maxillary	recipient	site	and	5	to	6
months	in	a	mandibular	site.	The	longer	healing	period	for	mandibular	sites
ensures	an	adequate	union	between	the	graft	and	the	denser	cortex	of	the	host
bone.	A	staged	treatment	plan	in	which	implant	placement	is	delayed	until	after
graft	healing	is	the	preferred	method	of	reconstruction	(Fig	5-7).

Potential	Complications
Preventing	early	complications	following	bone	harvesting	surgery	involves	using
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pressure	dressings,	topical	ice	packs,	and	anti-inflammatory	drugs	to	reduce
swelling;	prescribing	analgesics	for	pain	control;	and	instructing	the	patient
about	the	importance	of	meticulous	oral	hygiene.	Edema	is	very	common
following	surgery,	although	its	intensity	may	vary.	In	most	cases,	swelling
decreases	rapidly	during	the	first	2	days	postsurgery	and	complete	dissipation
occurs	within	1	week.	Table	5-1	lists	other	potential	complications,	along	with
common	reasons	for	their	occurrence	and	techniques	with	which	to	minimize
them.

Table	5-1

Potential	complications	of	harvesting	bone	from	the	ramus

Complication Cause Preventive	measures

Potential	damage
to	inferior
alveolar	nerve

Coronal	position
of	inferior
alveolar	nerve

Understand	the	anatomy	of	the
mandibular	canal.	Limit	the	harvest
to	a	cortical	bone	block	and	keep	it
coronal	to	the	inferior	alveolar	nerve.

Limitation	of
graft	size	and
shape

Generally,
harvesting	a	thin
cortical	graft	to
minimize	the
chances	of	nerve
damage

Take	accurate	radiographs	and
preoperative	measurements	to
maximize	the	graft	size	while
remaining	in	a	safe	zone.

Incision
dehiscence	in
donor	area

Postoperative
edema,
hematoma,	poor
closure	of	donor
site

Use	ice	packs	and	anti-inflammatory
drugs	and	consider	corticosteroids
postoperatively	to	minimize	edema;
graft	the	donor	site;	and	suture	the
donor	site	soft	tissue	carefully.

Postoperative
trismus

Excessive
trauma	during
harvesting	to
muscle	fibers

Minimize	stripping	of	the	flap
superiorly	beyond	the	area	required
for	bone	harvest.
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(d)	After	the	block	is	removed,	additional	cancellous	marrow	can	be	harvested
with	a	no.	2	Molt	curette	(G.	Hartzell	&	Son,	Concord,	CA).

(e)	After	removal	of	the	necessary	cancellous	marrow,	the	donor	site	is	packed
with	Avitene	(MedChem	Products,	Woburn,	MA)	for	hemostasis	and	then	later

with	a	bone	putty	or	allogeneic	graft	material.

(f)	The	recipient	site	is	the	area	of	the	missing	mandibular	left	first	molar.	The
ridge	width	is	inadequate	for	implant	placement	and	requires	grafting	to

augment	it.

Methods	for	Harvesting	Monocortical	Bone	Blocks	from
the	Mandibular	Symphysis
The	clinician	obtains	the	chin	bone	graft	from	below	the	apices	of	the
mandibular	incisors	and	canines.	Panoramic	and	lateral	cephalometric
radiographs	should	be	taken	so	that	the	clinician	can	evaluate	the	donor	site;	he
or	she	must	locate	the	mental	foramen	as	well	as	determine	the	form	and	size	of
the	anterior	teeth	and	the	volume	of	bone	available	for	harvesting.	The
anteroposterior	dimension	of	the	anterior	mandible	should	be	determined	on	a
lateral	cephalometric	radiograph.	Additionally,	periapical	radiographs	can	be
used	to	determine	the	measurements	of	the	mandibular	tooth	roots.	It	is	also
important	for	the	clinician	to	evaluate	the	recipient	site	before	obtaining	the
donor	material.	This	evaluation	allows	the	clinician	to	assess	the	amount	of
donor	bone	needed,	to	carefully	plan	the	incision	and	flap	reflection	design,	and
to	identify	any	unforeseen	complications	that	preclude	harvesting	the	bone	graft.
Local	anesthesia	includes	bilateral	mandibular	blocks	of	0.5%	bupi-vacaine	with
1:200,000	epinephrine	and	2%	lidocaine	with	1:100,000	epinephrine	or	articaine
with	1:100,000	epinephrine,	which	are	locally	infiltrated	in	the	labiobuccal
vestibule.

(g)	The	recipient	site	is	shaped	to	accommodate	the	block	and	perforated	with	a
small	drill	to	add	bleeding	points	for	the	release	of	endosteal	osteoblasts	for

optimal	bone	maturation.

(h)	The	harvested	block	is	shaped	and	modified	to	provide	for	optimal	fit	in	the
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the	corners,	is	cut	completely.

(i)	Avitene,	a	hemostatic	agent	that	consists	of	easily	handled	collagen	fibers,	is
used	to	control	bleeding.

(j)	Once	hemostasis	has	been	achieved,	the	donor	site	can	be	sutured.

(k)	Bone	blocks	are	placed	at	the	recipient	site	and	fixed	with	titanium	screws.
The	flap	should	be	properly	dissected	to	separate	the	mucosa	from	the
periosteum	and	thus	permit	tension-free	coverage	of	the	grafted	area.
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(l)	To	aid	adhesion	and	minimize	irritation	from	the	adhesive,	the	skin	of	the
mental	area	is	painted	with	tincture	of	myrrh	and	benzoin	prior	to	applying	the

adhesive	surgical	dressing.

(m,	n)	A	stretchable	microfoam	tape	is	ideal	to	help	keep	the	soft	tissues	of	the
mental	area	together.	The	stretchable	dressing	is	placed	with	one	strip	pulled
back	underneath	the	lower	lip	and	another	pulled	upward	from	below	the	chin.
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(o)	A	1-week	postsurgical	view	of	the	grafted	site	shows	that	the	sutures	have	not
yet	been	removed	and	that	some	swelling	persists.	The	tension-free	flap	provides

perfect	coverage	with	no	dehiscence.

(p)	A	1-month	postsurgical	view	shows	a	perfect	continuation	of	ridge	contour
that	will	permit	the	placement	of	two	dental	implants.

(q)	A	provisional	acrylic	removable	partial	denture	is	delivered	to	the	patient	as
an	interim	prosthesis.

(r)	The	provisional	partial	denture	is	adjusted	so	that	pressure	is	exerted	over
the	grafted	area,	helping	ensure	integration	of	the	grafts.	Ideally,	the	prosthesis
should	provide	acceptable	esthetics	and	function	without	compromising	graft

integration.

Fig	6-5	The	attached	gingival	method	is	indicated	when	at	least	3	mm	of
keratinized	gingiva	is	present	and	there	is	some	flexibility	in	the	placement	of	the

incision.

(a)	The	incision	can	be	made	within	attached	gingiva	that	is	more	than	3	mm
wide.	Precise	flap	reflection	with	a	sharp	periosteal	elevator	totally	denudes	the

bone	but	does	not	damage	the	soft	tissues.

(b)	The	completed	osteotomy	reveals	that	the	roots	of	the	mandibular	incisors
can	be	avoided	by	using	a	surgical	marker	to	indicate	their	location.

(c)	The	donor	sites	are	filled	first	with	Avitene	for	hemostasis	and	then	with	a
graft	material	(Grafton	[Osteotech,	Eatontown,	NJ]	mixed	with	an	alloplast)	to

facilitate	faster	and	more	complete	bone	regeneration.

(d)	Retraction	of	the	lower	lip	reveals	a	barely	visible	scar	after	1	month.	The
incision	made	at	the	attached	gingiva	preserves	the	original	architecture	of	both

gingiva	and	bone.
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Harvesting	for	Particulate	Grafting
After	the	symphysis	is	exposed	and	the	mental	foramina	are	located,	a	trephine
drill	should	be	used	to	obtain	a	cylindrical	segment	of	graft	material.	The	depth,
of	course,	is	limited	by	the	thickness	of	the	mandible	at	the	harvest	sites.	The
general	parameters	of	the	donor	site	are	5	mm	from	the	inferior	border	of	the
chin,	5	mm	from	the	apex	of	the	dentition,	and	5	mm	anterior	to	the	mental
foramen.19

The	drill	is	positioned	4	to	5	mm	below	the	apices	of	the	anterior	teeth,
penetrating	the	cancellous	bone	at	approximately	50,000	rpm	under	copious
irrigation.

Using	continuous	drilling	with	a	4.0-mm-diameter	trephine	bur,	the	clinician
inserts	the	drill,	being	extremely	careful	during	the	initial	penetration	through
cortical	bone.	The	bur	will	tend	to	jump	considerably	during	this	time,	and	if	not
properly	controlled,	it	can	damage	the	adjacent	soft	tissue	flap.	The	core	of	the
bone	is	broken	off	at	its	apex	by	inserting	the	drill	to	its	full	length	and	canting	it
slightly;	a	small	hemostat,	cotton	pliers,	or	tissue	forceps	can	then	be	used	to
remove	the	core	from	the	donor	site.15	Alternatively,	osteotomes	maybe	used	to
free	the	core(s)	of	bone,	and	the	cancellous	bone	can	be	harvested	with	a	no.	2
Molt	curette.	The	bone	core	harvest	includes	the	facial	cortical	plate	and	the
attached	trabecular	bone.	A	rongeur,	an	osteocrusher	device,	or	a	mini–bone	mill
can	be	used	to	particulate	the	bone	cores	as	needed.21	The	procured	and
particulated	graft	material	should	be	stored	in	a	medium	such	as	sterile	saline
until	placement	and	should	be	placed	in	the	recipient	site	as	soon	as	possible
after	harvesting.14

The	inferior	border	of	the	mandible	should	be	left	intact,	and	the	lingual
cortex	should	not	be	perforated.	Complications	such	as	loss	of	the	airway	and
excessive	bleeding	can	occur	if	the	clinician	perforates	the	vascular	region	under
the	inner	cortex.15	Appropriate	allogeneic	or	alloplastic	graft	material	can	be
packed	into	the	donor	site	to	restore	the	defect,	and	a	resorbable	collagen
membrane	can	then	be	placed	over	the	graft	material,	if	desired.	Closing	the
donor-site	soft	tissue	commences	once	bleeding	is	under	control.	Avitene,
Surgicel	(Johnson	&	Johnson,	New	Brunswick,	NJ),	or	platelet-rich	plasma
(PRP)	can	be	added	to	the	graft	material	being	placed	into	the	donor	site	if
needed	for	hemostasis.	The	site	should	be	sutured	immediately	to	reduce
possible	contamination	of	mental	osseous	tissue	(Fig	6-6).12
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sterile	water,	the	bone	cells	will	lyse	from	hypotonicity.

(j)	An	osteocrusher	can	reduce	bone	to	particles	without	waste,	which	can	occur
if	other	instruments,	such	as	rongeurs	(airborne	particles)	or	a	mini–bone	mill
(bone	waste	in	the	blades)	are	used.	Moreover,	the	osteocrusher	provides	a

mortised	particle	size,	ideal	for	handling	and	for	bone	growth.

(k)	Gauze	absorbs	excess	saline	solution	from	the	graft	materials	before
placement.

(l)	A	no.	2	Molt	curette	can	be	used	to	obtain	additional	bone	marrow	from	this
site	if	required.

(m)	A	collagen	hemostatic	agent	such	as	Avitene	can	be	used	to	control	bleeding.

(n)	Avitene’s	texture	and	hemostatic	efficiency	make	it	ideal	for	packing	this	type
of	defect.

(o)	Only	after	sufficient	hemostasis	is	obtained	can	the	area	be	packed	with	graft
material	and	the	soft	tissues	repositioned	and	sutured.	A	resorbable	suture	is

used	for	the	periosteum	and	muscle	layer.

(p)	A	second	and	final	layer	of	sutures	is	placed	to	bind	the	mucosal	layer.	The
midline	and	other	areas	of	the	flap	must	be	repositioned	correctly	to	return	the

soft	tissue	anatomy	to	its	original	form.
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Fig	6-7	Bone	blocks	are	harvested	for	grafting	in	a	patient	who	is	unhappy	with
the	gingival	contour	under	the	pontic	areas	of	a	fixed	partial	denture.	The

patient	wanted	dental	implants	and	new	restorations.	Flap	reflection	revealed
concavities	under	the	pontics.

(a)	Volume	measurements	determine	the	amount	of	bone	needed	for
augmentation.

(b)	An	intrasulcular	incision	is	indicated	because	of	the	low	vestibule	and	very
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tense	mentalis	muscle.

(c)	Readily	available	sterile	plastic	sheeting	is	used	as	a	mold.	It	is	measured	at
the	recipient	site	and	then	cut	to	approximate	the	graft	size	required.	Here	it	is

shown	at	the	donor	site	to	determine	the	size	of	the	block	required.

(d)	Once	the	flap	is	well	reflected,	a	no.	1701	bur	is	used	to	make	cuts	at	least	5
mm	apical	to	the	apices	of	the	mandibular	incisors	and	canines.

(e)	Long	canine	roots	make	it	necessary	to	remove	adjacent	blocks.

(f)	The	chisel	is	tapped	firmly	with	a	mallet	as	the	mandible	is	held	steady	to
diminish	the	impact	on	the	condyle	area.
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while	the	donor	site	is	prepared	for	closure.

(h)	A	large	defect	in	the	harvest	site	is	acceptable	if	maintained	within
parameters	that	respect	the	surrounding	anatomy.

(i)	The	donor	site	is	filled	with	microfibrillar	collagen	to	provide	hemostasis
before	the	graft	material	is	placed	and	the	site	is	closed.

(j)	Perforations	are	made	on	the	buccal	plate	of	the	recipient	site	to	promote
bleeding	and	to	help	with	new	vascularization	in	the	bone	graft.

(k)	The	harvested	blocks	of	bone	are	shaped	to	fill	the	defects	and	screwed	into
place	to	ensure	proper	contact	with	the	underlying	bone.	Note	that	any	sharp

edges	on	the	blocks	have	been	rounded	off.

(l)	Particulate	bone	is	placed	around	the	blocks	and	throughout	the	entire	area
to	provide	a	smooth	contour.	Good	soft	tissue	dissection	is	necessary	before	the

flap—tension	free	and	released	from	muscle	pull—is	replaced.

Using	continuous	drilling	and	a	no.	1701	bur,	the	clinician	creates	the	outline.
Alternatively,	the	Frios	MicroSaw	(Dentsply,	Lakewood,	CO),	which	has	a	much
thinner	cut	and	much	less	bone	waste,	can	be	used	for	the	osteotomy	(Fig	6-8).
The	depth	of	the	osteotomy	depends	on	the	thickness	of	the	graft	needed.
Osteotomes	are	used	to	free	the	block	graft	and	harvest	the	cancellous	bone.	The
clinician	is	advised	to	use	caution	when	the	cortical	bone	is	separated	from	the
marrow.	An	assistant	should	use	an	instrument	to	secure	the	block	so	that	the
specimen	is	not	lost.19	A	rongeur	or	a	chisel	can	be	used	to	gather	additional
cancellous	bone	if	needed.21	The	block	harvest	includes	the	facial	cortical	plate
and	the	attached	trabecular	bone.	The	procured	material	should	be	stored	in	a
medium	such	as	sterile	saline	until	placement,	which	should	be	performed	as
soon	as	possible	following	harvesting.14

Fig	6-8

A	surgical	saw	such	as	the	Frios	MicroSaw	can	be	used	to	harvest	bone	from	the
anterior	mandible.	A	cutting	disc	with	a	metal	shield	can	be	rotated	to	a
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Surgical	Approach	and	Technique
First,	the	patient	is	placed	in	a	supine	position.	A	roll	should	not	be	placed	under
the	ipsilateral	hip	and	beneath	the	knee	to	help	flex	the	knee	and	to	elevate	the
anterolateral	tibia.	However,	a	Crescent	Knee	Support	(Crescent	Products,	North
Minneapolis,	MN)	can	be	used	to	elevate	and	comfortably	flex	the	knee	(Fig	7-
3a).	Covered	in	medical-grade	vinyl	for	easy	disinfection,	this	support	is	16
inches	wide	and	covers	almost	the	entire	width	of	a	standard	dental	chair.	A
gripping	material	on	the	bottom	of	the	support	prevents	shifting.

The	donor	site	is	shaved	and	prepared	with	iodine	or	a	povidone-iodine
solution	and	appropriate	sterile	draping	(Fig	7-3b).	A	sterile	Betadine	(Purdue
Pharma,	Stamford,	CT)	or	similar	preparation	and	sterile	drapes,	gloves,	and
gowns	are	required.	Draping	should	be	relatively	wide	so	that	the	surgeon	can
see	all	adjacent	and	relevant	landmarks	clearly	and	thus	ensure	proper	graft	site
orientation	(Figs	7-3c	to	7-3e).

Fig	7-3	Surgical	approach	and	technique	for	harvesting	bone	from	the	tibia.

(a)	A	Crescent	Knee	Support	pillow,	designed	specifically	for	knee	surgery,	can
be	used	under	the	knee	during	the	tibia	harvest.

(b)	The	skin	is	disinfected	with	Betadine	applicators	to	remove	surface	bacteria.

(c)	A	sterile	surgical	marker	will	be	needed	after	the	skin	is	disinfected.

(d)	Anatomic	landmarks	are	drawn	on	the	skin	to	help	maintain	proper
orientation.

(e)	The	location	of	the	patella,	the	head	of	the	tibia,	and	the	Gerdy	tubercle	are
marked	on	the	skin.	Other	landmarks	(eg,	fibula,	muscles)	can	also	be	marked

for	greater	accuracy.
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Typically,	the	left	tibia	is	used,	allowing	one	surgeon	to	harvest	bone	on	the
patient’s	left	side	and	another	surgeon	to	stand	near	the	right	side	of	the	patient’s
head	to	place	the	bone	graft.	Taking	bone	from	the	left	tibia	provides	a	natural
angle	for	a	right-handed	surgeon;	for	a	left-handed	surgeon,	the	right	tibia
provides	a	more	natural	angle	for	harvesting	(Fig	7-3f	).

Following	sterile	preparation	and	draping,	1	to	2	mL	of	2%	lidocaine	with
1:1,000,000	epinephrine	is	placed	subcutaneously	(Fig	7-3g).	After	allowing	1	to
2	minutes	to	anesthetize	the	superficial	skin,	another	1	to	2	mL	is	deposited	on
the	periosteum	(Fig	7-3h).	There	are	almost	no	nerve	fibers	in	the	bone	marrow,
so	this	area	will	not	require	local	anesthesia;	however,	there	are	nerve	fibers	in
the	periosteum	and	the	skin,	so	good	filtration	to	the	skin	and	then	to	the
periosteum	layer	is	required.

A	2-	to	3-cm	incision	is	made	directly	over	the	Gerdy	tubercle	through	skin
and	subcutaneous	tissues	in	layers	with	a	no.	15	scalpel	blade	(Fig	7-3i).	The
incision	should	be	angled	with	its	cephalad	limit	just	above	and	medial	to	the
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Graft	Handling
The	methods	used	to	store	and	handle	the	graft	in	the	period	between	harvest	and
implantation	can	considerably	alter	its	viability.	The	bone	cells	in	this	cancellous
graft	are	relatively	hardy	and	able	to	survive	for	several	hours	without	losing	any
significant	viability.15	A	graft	with	this	cancellous	cellular	density	is	best
transferred	to	the	recipient	site	within	30	to	180	minutes	so	that	the	cells	have
optimum	viability	and	activity.	The	recipient	site	should	have	optimum
vascularity	so	as	to	allow	nutrients	to	diffuse	into	these	cells	and	begin	the
formation	of	capillary	ingrowth.

The	graft	material	should	be	stored	in	a	very	small	amount	of	sterile	saline.
Any	bone	substitutes	for	graft	expansion	can	be	added	at	this	time.	Platelet-rich
plasma	(PRP),	if	indicated,	should	be	added	imme	diately	preceding	delivery	of
the	graft	to	the	recipient	site.	Of	the	many	temporary	storage	solutions	that	have
been	tested,	simple	room-temperature	saline	or	tissue	culture	media	have	been
found	to	maintain	the	best	viability.6	Cooling	the	storage	media	can	extend	cell
viability,	whereas	heating	it	will	shorten	viability	times	sustainable	at	room
temperatures.15	Sterile	water	and	other	hypotonic	solutions	are	highly	lytic	to
cell	membranes	and	should	be	avoided.6

(f)	For	the	right-handed	surgeon,	the	left	tibia	offers	a	more	favorable	donor
site,	providing	a	more	comfortable	angle	and	helping	to	keep	instruments	away

from	the	articular	site.

(g)	The	same	local	anesthetic	with	vasoconstrictor	is	used	for	the	tibia	site	and
for	the	oral	recipient	site.	The	agent	is	first	placed	subcutaneously,	following	the

direction	of	the	subsequent	incision.

(h)	The	needle	is	then	directed	perpendicular	to	the	site,	penetrating	the
periosteum.

(i)	A	no.	15	blade	is	used	to	make	a	2-	to	3-cm	incision	in	layers—through	the
skin,	subcutaneous	tissue,	muscle	fibers,	and	periosteum.

(j)	As	the	incision	progresses,	continuous	palpation	verifies	that	the	cuts	are
made	directly	over	the	tubercle.
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(k)	A	sharp	periosteal	elevator	must	be	used	to	reflect	the	periosteum,	which	is
firmly	attached	to	bone,	and	uncover	the	bony	surface.

(l)	The	osteotomy	begins	as	a	series	of	holes	made	with	a	no.	701	bur	(Brasseler)
at	the	12,	3,	6,	and	9	o’clock	positions,	forming	a	circle	with	a	circumference	no
larger	than	1	cm;	these	perforations	are	later	connected	with	the	same	bur,	and

the	central	cortical	plug	is	removed	with	the	aid	of	a	no.	4	Molt	curette.
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(m)	Cancellous	bone	is	scooped	out	of	the	tibia	through	the	osteotomy	using	the
sharp	edges	and	spoon-like	shape	of	a	no.	4	Molt	curette.

(n)	In	some	cases,	orthopedic	curettes,	which	provide	different	reaching	angles,
can	be	used	to	harvest	cancellous	bone;	however,	caution	is	advised	because
such	curettes	tend	to	exert	more	force	during	the	scraping	action	because	of

their	rigidity.

(o)	Four-month	postoperative	radiographic	view	of	the	anterior	tibia	shows
good	bone	density	throughout	the	tibial	head.

(p)	Four-month	postoperative	view	of	the	lateral	tibia	reveals	no	radiolucent
spaces.

Postoperative	Wound	Management
There	is	no	need	to	fill	the	metaphyseal	dead	space	with	an	alloplastic	material;
however,	a	hemostatic	agent	should	be	placed	into	the	harvested	cavity	at	this
point.	Hemostatic	agents,	such	as	Avitene	(MedChem	Products,	Woburn,	MA),
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Surgicel	(Johnson	&	Johnson,	New	Brunswick,	NJ),	or	autologous	PRP	or
platelet-poor	plasma	(PPP),	have	all	been	used	successfully	in	this	wound.	PRP
is	generally	recommended	for	the	donor	sites	if	an	adequate	amount	remains
after	using	it	for	the	recipient	site.	If	not,	the	PPP	can	be	used	for	the	donor	site
for	purely	hemostatic	purposes	(Figs	7-4a	and	7-4b).

Fig	7-4	Postoperative	wound	management	includes	hemostatic	agents,	suturing,
and	antibacterial	ointment.	The	wound	does	not	need	to	be	drained	nor	the

metaphyseal	dead	space	filled	with	alloplastic	material.

(a)	Before	closure	of	the	tibial	donor	site,	a	hemostatic	agent	(Avitene,	Surgicel,
PRP,	or	PPP)	should	be	placed	in	the	cavity.

(b)	PPP,	delivered	to	the	cavity	with	a	plastic	syringe,	is	very	effective.	It	is	a
cost-effective	hemostatic	agent	with	a	gel-like	consistency	that	fills	the	cavity

and	stays	in	place.

(c)	Closure	of	the	soft	tissues	with	a	resorbable	suture	(eg,	3-0	Vicryl)	is
performed	in	layers,	starting	with	the	periosteum.

(d)	The	muscle	is	sutured	with	4-0	chromic	gut,	which	resorbs	slightly	more
quickly	than	Vicryl	suture	material.

(e)	For	the	skin,	a	5-0	Prolene	suture	is	ideal.	Different	suture	techniques	can	be
used	with	good	results.	The	continuous	subcuticular	technique,	shown	here,

provides	optimal	esthetic	results.
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The	wound	does	not	require	placement	of	a	surgical	drain	and	can	be	closed	in
layers.	The	periosteum	should	be	approximated	with	3-0	Vicryl	sutures	(Ethicon,
Somerville,	NJ)	and	the	muscle	layer	with	4-0	chromic	gut	sutures.	For	the	skin
layer,	either	a	continuous	subcuticular	or	an	in-terdermal	suture	may	be	used	for
optimal	esthetic	results	with	a	5-0	Prolene	suture	(Ethicon).	An	antibacterial
ointment	is	placed	over	the	incision,	and	then	Steri-Strips	(3M,	St	Paul,	MN)	are
placed	and	a	nonstick	dressing	(eg,	a	large	adhesive	bandage)	is	applied	(Figs	7-
4c	to	7-4h).	A	pressure	dressing	is	not	required	for	this	procedure.
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(f)	An	antibacterial	ointment	(eg,	bacitracin)	is	applied	over	the	wound	after
closure.	The	ointment	should	be	limited	to	the	incision	line	so	that	the

subsequent	dressings	can	adhere	to	the	skin.

(g)	Steri-Strips	are	placed	across	the	incision	line,	helping	to	approximate	the
wound.

(h)	A	large	bandage	can	protect	the	site	during	the	postoperative	phase.

(i)	When	sutures	are	removed	(at	approximately	7	days),	the	area	should	be
cleaned	with	hydrogen	peroxide,	and	bacteria-accumulating	scabs	should	be

removed.	No	local	anesthesia	is	necessary.

(j)	An	antibacterial	ointment	is	used	for	several	days	after	suture	removal.
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All	patients	should	receive	a	course	of	intravenous	or	oral	antibiotics	for	the
donor	site	procedure	if	antibiotics	were	not	prescribed	for	the	primary	surgical
procedure.	Postoperative	instructions	to	the	patient	are	relatively
straightforward.5,9	The	patient	should	get	bed	rest	the	first	two	postoperative
days,	with	only	minimal	walking	(eg,	to	the	bathroom).	The	patient	can	return	to
work	on	the	third	day	but	with	limited	walking	and	standing.	Walking	should	be
limited	to	short	distances	for	1	week.	No	sports	or	strenuous	activity	should	be
undertaken	for	6	weeks.	Patients	should	attempt	to	keep	the	donor	area	as	dry	as
possible	when	showering	or	bathing.	Skin	sutures	are	removed	5	to	7	days	after
surgery	(Figs	7-4i	and	7-4j).	Swelling	and	ecchymosis	can	extend	up	to	the	thigh
and	down	to	the	ankle.	Since	this	is	the	most	common	postoperative	finding,
patients	should	be	specifically	forewarned	and	reassured	that	such	swelling	and
bruising	are	entirely	expected	and	normal.

Table	7-1

Potential	complications	of	harvesting	bone	from	the	tibia

Complication Cause Preventive	measures

Potential
entrance	into
joint	space

Losing	track	of
landmarks,	directing
instruments	at	an
incorrect	angle,	using
trephine	burs	or	rotary
instruments	to	harvest
(which	may	accidentally
and	quickly	slip	to
inappropriate	areas	or
angles)

Understand	the	anatomy	of
the	Gerdy	tubercle	and
adjacent	areas.	Limit	the
harvest	to	particulate
cancellous	bone	marrow	and
keep	instruments	directed
downward	at	a	45-degree
angle.

Limited	size	and
shape	of	graft

Hesitation	to	harvest	due
to	inexperience	with	the
procedure	or	inadequate
sedation;	patient	with
poor	quality	or	quantity

Provide	adequate	sedation
for	the	procedure.	Gain
experience	with	the
procedure	under
supervision.	If	an
inadequate	quantity	of	bone
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The	cases	shown	in	Figs	7-6	and	7-7	demonstrate	the	procedures	described	in
this	chapter.

Fig	7-6	Tibial	harvesting	for	a	bilateral	sinus	graft	case.

(a)	After	being	shaved,	the	skin	above	the	lateral	side	of	the	tibia	is	disinfected
via	a	Betadine-soaked	gauze	applied	in	a	circular	motion	starting	from	the

center	and	advancing	to	the	periphery.	The	Betadine	is	left	to	dry.

(b)	As	sedation	begins,	local	anesthesia	is	injected	first	in	the	subcutaneous
tissue,	which	swells	as	the	anesthetic	solution	seeps	in.

(c)	The	needle	is	then	directed	perpendicular	to	the	site,	depositing	the	solution
within	the	periosteum.

(d)	An	oblique	incision	is	made	over	the	Gerdy	tubercle.	The	skin	is	stretched
and	kept	in	place	with	the	free	hand.

(e)	The	incision	should	be	approximately	2	to	3	cm	long	to	allow	for	good
visualization	once	bone	is	reached;	however,	because	the	skin	over	this	area	can
be	moved	up	and	down	freely,	to	ensure	the	correct	location,	the	area	must	be

palpated	frequently	as	the	incision	progresses	into	deeper	layers.

(f)	After	the	bony	surface	is	denuded,	the	osteotomy	begins	with	a	no.	701
cylindrical	bur.	Perforations	forming	a	circle	are	made	and	later	connected.

(g)	The	bony	cortical	plug	is	removed	using	a	no.	4	Molt	curette	for	leverage.
This	curette,	or	other	orthopedic	curettes	in	different	sizes,	are	used	to	scrape
and	scoop	out	the	bone	marrow	until	the	amount	required	for	the	grafting

procedure	has	been	harvested.

(h)	This	bilateral	sinus	graft	case	requires	approximately	18	mL	of	bone;	PRP	is
added	to	enhance	bone	regeneration.
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(i)	Sinus	lift	procedure	at	the	time	of	osteotomy	for	antral	access.

(j)	Once	both	cavities	are	completely	filled,	closure	of	the	tibia	site	can	begin.

(k)	In	this	case,	there	was	enough	PRP	to	use	within	the	graft	and	in	the	cavity
left	in	the	tibia.	PRP	promotes	hemostasis	better	than	PPP	and	improves

healing.
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(l)	Suturing	is	done	in	layers.	The	muscle	is	brought	together	with	3-0	Vicryl
suture.

(m)	The	subcutaneous	tissue	is	sutured	with	4-0	chromic	gut	in	an	interrupted
fashion.

(n)	The	skin	is	sutured	with	5-0	Prolene	with	a	continuous	subcuticular
technique.

(o)	Steri-Strips	are	placed	across	the	incision	line	to	reinforce	the	sutures.

(p)	Four	months	after	sinus	elevation,	10	implants	were	placed.	Six	months	after
placement,	the	implants	have	osseointegrated.	One	week	after	uncovering,

healing	abutments	have	been	removed	in	order	to	take	impressions	for	Atlantis
(Atlantis	Components,	Cambridge,	MA)	abutment	fabrication.

(q)	Atlantis	abutments	in	perfect	angulations	and	positions,	as	received	in	the
cast.

(r)	Panoramic	radiograph	of	bilateral	sinus	grafts,	including	10	posterior
maxillary	implants	with	Atlantis	abutments.
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(c)	The	head	of	the	tibia	is	marked,	followed	by	the	Gerdy	tubercle,	the	most
important	landmark	for	this	procedure.

(d)	After	the	incision	location	is	marked,	local	anesthesia	is	deposited	in	the
subcutaneous	tissue.	The	needle	is	inserted	all	the	way,	and	the	solution	is	slowly

applied	as	the	needle	is	extracted.

(e)	The	last	step	in	delivering	local	anesthesia	at	the	tibial	site	is	to	deposit	the
solution	at	the	level	of	the	periosteum,	placing	the	needle	perpendicular	to	the

skin’s	surface.

(f)	The	oblique	incision,	made	directly	over	the	protuberance	(Gerdy	tubercle),
should	measure	2	to	3	cm.

(g)	The	incision	is	made	with	a	no.	15	scalpel	blade	and	progresses	in	layers.	If
needed,	cauterization	can	be	used	to	control	bleeding.

(h)	The	position	of	the	incision	is	continually	confirmed	by	palpation.

(i)	Rakes	are	ideal	for	retracting	the	skin	and	exposing	the	subcutaneous	tissues.
The	thick,	white	periosteum	is	easy	to	identify.	The	blade	should	be	pressed

firmly	over	this	tissue	for	a	clean	cut	straight	down	to	the	bone.

(j)	Once	the	bone	is	reached,	a	no.	701	surgical	bur	is	used	for	the	osteotomy,
accompanied	by	good	irrigation	and	suction.

(k)	Perforations	in	the	shape	of	a	circle	are	made	in	the	bone	and	then	connected
to	form	a	1-	to	2-cm	window.	The	cortical	bone	plug	is	then	removed.

(l)	Cancellous	bone	is	scooped	out	of	the	bony	window	with	a	no.	4	Molt	curette.

(m)	The	bone	graft	can	be	simultaneously	placed	into	the	recipient	site.	PRP	was
required	for	this	case,	mixed	with	the	autogenous	graft	before	delivery	to	the
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recipient	site.

(n)	Before	closure,	more	PRP	is	applied	for	hemostasis	and	for	delivery	of
growth	factors	to	the	donor	site.	Note	how	the	entire	cannula	can	be	used	to
deliver	the	PRP,	allowing	the	clinician	to	gain	a	sense	of	the	volume	and

orientation	of	the	cavity	from	which	the	bone	marrow	was	taken.

(o)	The	sutures	are	placed	in	layers	starting	with	periosteum	and	bone	and
followed	by	the	subcutaneous	layer.

(p)	Bacitracin	ointment	is	placed	over	the	wound	for	added	antibacterial
protection.	Placement	of	Steri-Strips	helps	reinforce	the	sutures	and	protect	the

incision	line.
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(d)	Elevation	of	the	island	of	bone	in	a	cadaver	specimen.

(e)	Sinus	membrane	elevation	using	a	specially	designed	curette.	Sharp	curettes
should	be	used	and	the	membrane	should	be	reflected	off	the	bone	as	opposed	to

attempting	to	simply	push	it	off	the	bone.

(f)	Sinus	membrane	elevation	with	a	curette	in	a	cadaver	specimen.

(g)	Coronal	view	of	sinus	membrane	elevation.	Note	that	the	inferior	portion	of
the	window	is	approximately	3	mm	above	the	sinus	floor.	This	allows	the	surgeon
to	avoid	some	1	to	2	mm	sinus	septa	during	elevation	of	the	sinus	window	and
allows	for	a	small	lip	of	bone	to	help	contain	the	graft	material.	The	superior

portion	of	the	window	depends	on	the	size	of	the	implant	that	will	be	placed.	The
superior	portion	of	the	window	should	be	measured	from	the	ridge	crest	and
should	be	at	least	the	same	height	as	the	implant	that	is	planned	for	the	area.

(h)	Membrane	elevation	in	a	cadaver	specimen.

(i)	Sinus	cavity	grafted	with	the	amount	of	material	needed	for	future	implant
placement.	Note	that	this	does	not	obliterate	the	entire	sinus	cavity.

(j)	Grafting	the	sinus	cavity	returns	the	original	contour	of	the	lateral	wall	of	the
maxilla	on	this	cadaver	specimen.

(k)	Coronal	view	of	the	grafted	sinus	cavity	after	some	maturation	of	the	graft
has	occurred.

(l)	Coronal	view	of	the	implant	site	after	the	implant	is	placed	and	surrounded
by	sufficient	bone.
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(d)	After	5	months	of	maturation,	excellent	results	can	be	seen	without	any
complications	for	stage	2	surgery.

(e)	Radiographically,	the	bone	is	still	mineralizing,	and	the	position	of	the
implants	has	been	maintained	as	expected.

Because	few	vital	anatomic	structures	encroach	upon	the	surgical	site,	the
risks	with	sinus	lift	grafting	are	negligible,	morbidity	is	low,	and	postoperative
complications	can	be	treated	relatively	easily	with	medical	or	surgical
intervention.	Bone	re-sponse	is	excellent,	and	different	graft	materials	produce
bone	that	is	demonstrable	on	histologic	examination.26	The	graft	and	new	bone
appear	to	remodel	in	response	to	functional	loading.	The	prosthetic	alternatives
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Maxillary	Sinus	Physiology
The	function	of	the	maxillary	sinus	is	purportedly	to	warm	air	and	to	provide
resonance	to	the	voice.	The	sinus	is	probably	also	the	product	of	an	evolutionary
natural	selection	to	assist	the	scalp	veins	and	intracranial	venous	sinuses	in
dissipating	the	intense	heat	produced	by	the	metabolically	active	human	brain.
Similarly,	it	also	lightens	the	weight	of	the	craniofacial	complex.

The	healthy	maxillary	sinus	is	self-maintained	by	postural	drainage	and
actions	of	the	ciliated	epithelial	lining,	which	propels	bacteria	toward	the	ostium.
The	sinus	also	produces	mucus-containing	lysosomes	and	immunoglobulins.	The
rich	vascularity	of	the	sinus	membrane	also	helps	to	maintain	its	healthy	state	by
allowing	lymphocytic	and	immunoglobulin	access	to	the	membrane	and	sinus
cavity.	The	healthy	sinus	contains	its	own	normal	flora,	of	which	Haemophilus
species	are	the	most	common.	Other	common	flora	may	include	streptococci,
anaerobic	gram-positive	cocci,	and	aerobic	gram-negative	rods.
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effectiveness.54	These	concerns	are	valid;	hence,	the	author	recommends	FDBA
rather	than	DFDBA	for	bone	grafting.	This	is	discussed	in	more	detail	in	chapter
2.

Irradiated	cancellous	bone	has	also	been	used	as	a	substitute	graft	material	for
autogenous	bone.42,43	However,	by	using	mineralized	FDBA,	a	local	substrate	of
mineral	is	provided	for	the	graft	and	no	BMPs	are	destroyed	in	the
demineralizing	process.	Jensen	and	Greer	found	that	radiated	mineralized
allografts	used	in	conjunction	with	maxillary	antroplasty,	a	screw-form	implant,
and	an	expanded	polytetrafluoroethylene	(e-PTFE)	membrane	barrier	provided
more	predictable	ossification	than	demineralized	cancellous	allograft.50	They
concluded	that	this	graft	material	was	the	best	option	other	than	autogenous
bone.

Advantages	of	allografts	include	ready	availability,	minimization	of	the
amount	of	autogenous	bone	harvested	from	the	patient,	reduced	anesthesia	and
surgical	time,	decreased	blood	loss,	and	fewer	complications.	38	The
disadvantages	are	primarily	their	dimished	capacity	to	produce	bone	as
compared	to	autogenous	bone,	and	perhaps	the	theoretical	disadvantages
associated	with	tissues	transplanted	from	another	individual	35,38,46	(cadaver
bone	can	be	rejected	like	other	transplanted	tissues	or	organs).	Technical
problems	include	the	precision	required	to	insert	bulk	allografts,	the	necessity	for
rigid	fixation	to	the	host	bone	to	obtain	successful	union,	and	the	high	rates	of
infection,	nonunion,	and	graft	fracture.35,39	Because	allografts	are	not
osteogenic,	adding	this	material	to	autogenous	bone	means	that	bone	formation
will	proceed	more	slowly	and	result	in	less	volume	than	with	purely	autogenous
grafts.38	Studies	have	shown	that	DFDBA	for	the	maxillary	sinus	is	often	not
completely	remodeled	by	the	host	and	does	not	always	produce	a	sufficient
amount	or	quality	of	new	bone,	even	when	a	protective	membrane	is	used.1,50,51

Alloplasts

Alloplasts,	which	may	be	natural	or	synthetic	materials,	heal	only	through
osteoconduction.	The	most	commonly	used	alloplasts	are	bioactive	ceramics,
which	include	synthetic	calcium	phosphate	materials	(eg,	hydroxyapatite)	and
those	derived	from	natural	sources	(eg,	deorganified	bovine	bone).	Ceramics
such	as	hydroxyapatite	are	safe	and	well	tolerated	but	have	little	ability	to
encourage	new	attachments.44	Nonresorbable	hydroxyapatite	has	also	been
criticized	as	being	of	modest	value	for	grafting	the	maxillary	sinus	for	implant
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vasoconstrictor	for	hemostasis	is	infiltrated	into	the	maxillary	surgical	site	and
any	intraoral	graft	donor	site.	The	surgery	can	also	be	performed	with	local
anesthesia,	posterosuperior	alveolar,	and	greater	palatine	nerve	blocks	combined
with	infiltration.	A	second-division	nerve	block,	entered	from	the	greater
palatine	canal,	can	also	be	used.

A	horizontal	incision	is	made	on	the	crest	or	palatal	aspect	of	the	edentulous
ridge,	with	extensions	beyond	the	areas	of	the	osteotomy	and	with	consideration
of	the	amount	of	attached	gingiva	on	the	alveolar	crest.	The	incision	is	carried
forward	beyond	the	anterior	border	of	the	sinus	(Fig	8-11).	A	vertical	releasing
incision	to	the	depth	of	the	vestibule	in	the	canine	fossa	area	helps	to	reflect	the
flap	and	expose	the	bone	and	also	ensures	good	soft	tissue	closure	over	the	bone.
The	lateral	wall	of	the	maxilla	is	exposed	by	reflecting	the	mucoperiosteal	flap
superiorly	to	the	level	of	the	malar	buttress.	Elevation	of	the	periosteum	adjacent
to	the	implant	site	should	be	minimized	to	preserve	the	blood	supply	to	the
alveolar	crest.	The	periosteum	should	be	reflected	superiorly	just	beyond	the
height	of	the	superior	aspect	of	the	anticipated	opening	into	the	maxillary	sinus
(approximately	at	the	level	of	the	zygoma).

After	the	lateral	maxillary	wall	has	been	completely	exposed,	a	no.	8	round
diamond	bur	should	be	used	in	an	oval	configuration	at	low	speed	and	high
torque	to	make	an	oval	osteotomy	in	the	lateral	wall	of	the	maxillary	sinus	(Fig
8-12).	If	the	maxillary	wall	is	thick,	a	no.	8	round	carbide	bur	can	be	used	to
initiate	the	osteotomy	to	cut	more	quickly	and	then	exchanged	for	a	diamond	bur
of	the	same	size	and	shape	when	approaching	the	schneiderian	membrane	in
order	to	minimize	the	risk	of	perforating	the	membrane	with	the	bur.	Slight
variations	in	osteotomy	technique	have	been	described;	some	authors11	create	a
U-shaped	osteotomy	with	the	vertical	arms	of	the	osteotomy	parallel	to	facilitate
infracturing,	and	others1	make	a	trapezoid-shaped	osteotomy	with	a	no.	1701
fissure	cut	bur.	An	oval-shaped	osteotomy	is	recommended	to	avoid	sharp	edges
that	may	tear	the	schneiderian	membrane.10	Similarly,	the	round	diamond	bur	is
recommended	to	minimize	perforations	of	the	schneiderian	membrane.	A	brush-
stroke	type	of	touch	is	used	to	penetrate	through	the	bone	while	avoiding	the
schneiderian	membrane.	To	ensure	that	the	bone	has	been	penetrated	all	the	way
around	the	oval	osteotomy,	it	should	be	tapped	gently,	and	any	movement	should
be	noted.	This	bone	can	be	either	pushed	in	to	serve	as	the	roof	of	the	graft	or
removed	to	create	a	window	for	better	visualization	and	access.	In	cases	in
which	a	septum	is	attached	to	the	bone	window,	the	window	can	be	drilled	down
and	obliterated	so	the	sinus	is	separated	into	two	or	more	smaller	chambers	by
the	septum	(Fig	8-13).
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(b)	Before	the	Cottonoid	strip	is	placed	in	the	sinus,	it	should	first	be
impregnated	with	a	liquid	hemostatic	agent	such	as	4%	cocaine	solution.

(c)	The	Cottonoid	strip	is	saturated.	An	alternative	to	4%	cocaine	solution	is	to
use	lidocaine	with	1:50,000	epinephrine;	the	epinephrine	acts	as	the	hemostatic

agent.

Grafting	Procedure

During	the	sinus	lift	grafting	procedure,	autogenous	bone	is	harvested	from	the
preselected	site	and,	if	appropriate,	mixed	with	other	graft	materials.	This
mixture	is	then	packed	and	compacted	into	1-	or	3-mL	syringes	and	set	aside.

As	described	earlier,	a	one-step	procedure	can	be	performed	in	which	the	graft
and	implant	are	placed	simultaneously.	When	this	approach	is	selected,	essential
surgical	modifications	will	be	necessary,	including	a	wide	lateral	window
opening,	the	use	of	a	bone	mill	to	homogenize	the	graft	material,	meticulous
condensation	of	the	graft,	and	clinical	measurements	to	ensure	implant
parallelism.26	The	implant	sites	should	be	drilled	using	a	surgical	stent	as	a
guide.	It	is	important	to	protect	the	sinus	membrane	during	this	procedure.	After
preparing	the	implant	sites,	the	top	of	the	syringes	should	be	cut	off	with	scissors
and	the	graft	mixture	injected	into	the	maxillary	sinus	and	packed	against	the
intact	medial	wall.

After	grafting	the	medial	portion	of	the	sinus,	the	implants	are	placed.	Bone	is
then	packed	against	the	anterior	and	posterior	maxillary	walls,	molding	the	bone
against	and	over	the	implant	to	a	height	of	10	to	12	mm.	During	this	part	of	the
procedure,	it	is	important	to	maintain	the	implant	in	the	proper	position	to	avoid
compromising	subsequent	prosthetic	restoration.	Next,	the	lateral	portion	of	the
surgical	site	should	be	firmly	packed	with	the	bone	graft.	If	the	diameter	of	the
implant	is	greater	than	the	width	of	the	alveolar	crest,	bone	should	be	placed	and
secured	outside	the	sinus	against	the	lateral	surface	of	the	implants.	The	area	of
the	access	window	should	then	be	covered	with	a	membrane	barrier	to	prevent
soft	tissue	ingrowth,	the	mucoperiosteal	flap	should	be	repositioned,	and	the
incisions	should	be	closed	with	interrupted	sutures.	The	graft	can	mature	while
the	implant	is	integrating.

If	a	two-step	surgical	approach	(ie,	separate	grafting	and	implant	placement
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surgeries)	is	used,	adequate	graft	material	is	placed	in	the	maxillary	sinus	to
accommodate	the	length	of	the	implant.	Once	adequate	graft	material	has	been
placed,	the	window	is	then	covered	with	a	resorbable	membrane	barrier,	as	with
the	one-step	procedure.	The	mucoperiosteal	flap	is	repositioned,	and	the
incisions	are	closed	with	interrupted	resorbable	sutures.	After	the	bone	has
matured	(approximately	4	to	12	months	depending	on	the	graft	materials	used,
the	graft	size,	and	the	patient’s	systemic	health),	it	is	evaluated	to	ensure	that
there	is	sufficient	bone	height	for	implant	placement.	The	implants	can	then	be
placed	in	the	mature	graft	material	following	the	surgical	protocol	prescribed	for
that	system	and	allowed	to	integrate.

Postoperative	Considerations
Postoperative	considerations	for	the	maxillary	sinus	grafting	procedure	are
similar	to	those	for	most	oral	surgery	and	sinus	manipulation	procedures.	After
the	first	week,	a	chlorhexidine	mouthrinse	should	be	used	twice	daily	for	2
weeks	to	reduce	the	chance	of	infection.	Blowing	the	nose,	sucking	liquid
through	a	straw,	and	smoking	cigarettes,	all	of	which	create	negative	pressure,
should	be	avoided	for	at	least	2	weeks	after	surgery.	Coughing	or	sneezing
should	be	done	with	an	open	mouth	to	relieve	pressure.	Pressure	at	the	surgical
site,	ice,	elevation	of	the	head,	and	rest	are	also	recommended.	Analgesics
should	be	used	to	control	postoperative	pain	and	discomfort.	An	anti-
inflammatory	medication	and	an	antihistamine	can	also	be	used.	Preoperative
prophylactic	antibiotic	therapy,	such	as	500	mg	Augmentin	(GlaxoSmith-Kline,
Research	Triangle	Park,	NC)	or	a	similar	suitable	antibiotic,	should	be	used	and
continued	postoperatively	three	times	a	day	for	7	to	10	days.	A	nasal
decongestant	such	as	Sudafed	(Warner	Lambert,	Morris	Plains,	NJ),	30	to	60	mg
per	day,	should	be	prescribed,	and	Afrin	(Schering-Plough,	Kenilworth,	NJ)
nasal	spray	should	be	used	on	an	as-needed	basis	for	nasal	congestion.

Depending	on	the	graft	materials	and	the	host	osteogenic	potential,	3	to	12
months	should	be	allowed	for	the	bone	graft	and	implants	to	integrate	before	the
prosthodontic	phase	begins.	During	this	period,	the	patient	can	wear	a
conventional	prosthesis	that	has	been	relined	with	a	soft	material.	If	an	intraoral
donor	site	has	been	used,	it	is	usually	well	tolerated	and	recuperation	normally
takes	1	to	2	weeks.

Potential	Postoperative	Complications

Possible	complications	that	can	occur	after	this	procedure	include	sinus
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(b)	Bony	septa	are	frequently	encountered	in	sinus	cavities.	These	can	usually	be
visualized	radiographically,	allowing	the	clinician	to	plan	ahead	and	have	the
right	instruments	available,	which	is	particularly	important	in	small	osteotomies

such	as	this.

(c)	In	small	osteotomies	and	especially	in	those	with	septa,	very	small
instruments,	such	as	a	Gracey	periodontal	scaler	(Hu-Friedy,	Chicago,	IL),	can

be	used.

(d)	Reflection	of	the	membrane	above	and	around	the	septum	reveals	that	the
area	is	contiguous.

(e)	Graft	material,	in	this	case	allogeneic	bone,	is	reconstituted	in	nonactivated
PRP.

(f)	Once	reconstituted,	the	graft	material	is	mixed	with	activated	PRP.	It	will	now
be	easier	to	manipulate	because	the	particles	will	clump	together.

(g)	In	this	case	of	immediate	graft	and	implant	placement,	the	sinus	is	grafted
medially,	the	implant	is	placed,	and	the	area	is	grafted	laterally.	In	some	cases,
as	shown	here,	it	is	necessary	to	overcon-tour	the	lateral	wall	of	the	maxilla	in

order	to	compensate	for	any	concavity	in	that	area.

(h)	The	implant	and	bone	graft	were	placed	simultaneously.	Notice	the	bone
around	the	apex	of	the	implant.	Performing	simultaneous	graft	and	implant
placement	allows	the	clinician	to	place	the	bone	exactly	where	it	is	needed	for

the	implant.

If	the	blood	supply	to	the	tissue	is	interrupted	or	impeded,	there	may	be	poor
wound	healing	and	an	early	loss	of	the	bone	graft	or	implant.	If	the	incision	does
not	close	properly,	the	remaining	graft	should	be	removed,	the	membrane
inspected	for	perforations,	and	the	sinus	void	irrigated.	Appropriate	antibiotics
should	be	prescribed,	and	the	wound	should	be	allowed	to	heal	by	secondary
intention.
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Fig	8-17	Maxillary	sinus	augmentation	for	single	implant	placement.

(a)	This	panoramic	radiograph	shows	a	missing	first	molar	and	inadequate	bone
height	for	implant	placement.

(b)	For	this	single	implant	patient,	a	very	small	osteotomy	is	created.	Note	the
size	and	configuration	of	the	flap,	which	allows	for	good	visualization	of	the

osteotomy	site	and	adjacent	areas.

(c)	A	small	curette	with	several	angles	allows	for	access	to	the	different	areas	of
the	sinus.

(d)	After	being	impregnated	with	a	hemostatic	agent,	the	Cottonoid	strip	is
carefully	packed	in,	which	assists	in	reflecting	the	membrane.	In	addition,	the
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strip	keeps	the	schneiderian	membrane	elevated	temporarily	after	its	removal.

(e)	After	removal	of	the	Cottonoid,	it	is	easier	to	assess	the	volume	and	whether
the	amount	of	reflection	is	adequate.

(f)	The	graft	material	is	sprayed	with	activated	PRP	at	the	time	it	will	be	placed
into	the	recipient	site.	The	special	dual	lumen	syringe	tip	mixes	the	PRP	with	the

calcium	chloride	and	thrombin.

(g)	After	filling	the	sinus	cavity,	placing	a	resorbable	membrane,	and	suturing
the	crestal	and	the	distal	release	of	the	flap,	more	graft	material	is	added.	Not
suturing	the	vertical	incision	leaves	a	pouch	that	can	easily	be	filled	with	more
graft	material	to	augment	the	thickness	of	the	lateral	wall	of	the	maxilla	in	the

areas	needed.

(h)	The	graft	material	is	carefully	packed	with	the	plugger.	A	fine	pickup	pliers	is
used	to	separate	the	flap	and	resorbable	membrane	from	the	residual	alveolar

bone	and	to	hold	the	pouch	open.

(i)	When	a	sufficient	amount	of	graft	material	is	placed,	the	vertical	releasing
incision	of	the	pouch	is	sutured.

(j)	When	suturing	is	complete,	a	gentle	finger	massage	of	the	area	can	help
disperse	the	graft	material	and	mold	it	to	the	desired	ridge	shape.

(k)	In	this	patient,	the	implant	was	placed	after	graft	maturation	in	a	staged
fashion	because	of	lack	of	adequate	crestal	width	at	the	time	of	grafting.	An

ideal	position,	length,	and	diameter	of	the	implant	was	achieved	because	of	the
gain	in	height	from	the	sinus	graft	and	the	gain	in	width	achieved	with	the	pouch

technique.
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Fig	8-18	Bilateral	sinus	grafting	of	hyperpneumatized	sinuses	for	implant
placement.

(a)	Panoramic	radiograph	showing	bilaterally	pneumatized	maxillary	sinuses.

(b)	The	size	and	shape	of	the	osteotomy	depends	on	the	sinus	being	grafted	and
the	number	and	positioning	of	implants	that	will	be	placed.	It	is	important	to
plan	ahead	and	know	the	exact	area	that	the	implants	will	occupy	in	height	as

well	as	mesiodistally	and	mediolaterally.

(c)	After	the	island	of	bone	is	removed,	the	membrane	can	be	reflected.

(d)	Following	adequate	reflection	and	the	placement	and	removal	of	the

Dentlearn.ir



Cottonoid,	the	graft	material	is	placed	in	the	recipient	site,	where	it	is
manipulated	with	the	condenser	to	the	correct	position	and	then	compacted

appropriately.

(e)	Complete	filling	of	the	sinus	cavity	restores	the	intial	contour	of	the	lateral
wall	of	the	maxilla.

(f)	The	amount	of	bone	gain	can	be	appreciated	in	the	sinus	cavities.	The	dome
shape	in	this	radiograph	shows	that	the	integrity	of	the	membrane	was

maintained	and	the	elevated	area	was	filled	completely.

(g)	Implants	placed	in	the	grafted	sites	have	been	allowed	to	integrate	and	were
uncovered	at	stage	2	surgery.	Note	the	healthy	mucosa	surrounding	the	healing

abutments.

(h)	The	successful	result	of	a	process	that	began	with	bilateral	sinus	grafts	of
hyperpneumatized	sinuses.
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Fig	8-19	Two-step	sinus	grafting	and	implant	placement	procedure.

(a)	In	this	case,	a	more	rounded	osteotomy	was	required	to	fit	the	anatomy	and
to	provide	access	to	the	areas	that	required	membrane	reflection	and	subsequent

grafting	and	implant	placement.
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(b)	The	hemostatic	agent–soaked	Cottonoid	in	place	with	the	green	string
hanging	out	to	permit	its	identification	even	if	if	becomes	soaked	with	blood.
This	provides	excellent	hemostasis	and	visualization	of	the	area	upon	removal.

(c)	After	the	Cottonoid	is	removed,	the	volume	of	the	cavity	achieved	by
membrane	reflection	can	be	evaluated	to	determine	if	more	reflection	is

necessary.

(d)	Bone	is	harvested	from	the	adjacent	area	using	a	commercially	available
bone	shaver.	These	bone	shavings	can	be	mixed	with	other	graft	materials

according	to	the	patient’s	needs.

(e)	Nonactivated	PRP	is	added	to	this	composite	graft	to	reconstitute	the
allogeneic	bone.	Once	saturated,	activated	PRP	is	added	to	allow	for	release	of
growth	factors	and	to	allow	it	to	gel.	The	gelling	action	of	the	PRP	will	simplify
the	surgical	manipulation	of	the	material	and	its	placement	into	the	sinus.

(f)	Complete	filling	of	the	maxillary	sinus.	A	resorbable	membrane	will	be
placed	and	the	area	primarily	closed.

(g)	Well-healed	ridges	2	weeks	after	sinus	grafting.	The	patient	continued	to
wear	her	denture	immediately	after	surgery,	so	the	contours	of	the	ridges	have
not	changed.	A	small	amount	of	scarring	can	be	seen	in	the	areas	of	the	vertical

releases.

(h)	Posterior	implants	placed	in	the	bone-grafted	areas.	Note	the	ideal	length
and	positioning	of	the	implants	because	of	the	graft.

Fig	8-20	Bilateral	sinus	grafts	to	provide	needed	height	for	implant	placement	in
a	completely	edentulous	maxilla.

(a)	Panoramic	radiograph	showing	a	completely	edentulous	maxilla	with
moderate	ridge	resorption.	The	patient’s	teeth	have	recently	been	extracted.

Immediate	implant	placement	will	be	performed	in	this	case.
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(b)	Venipuncture	is	performed	to	draw	blood	for	development	of	the	PRP.	This	is
a	procedure	that	most	patients	easily	accept	once	they	learn	of	the	benefits	of

PRP.

(c)	Instrumentation	for	the	graft,	including	a	specialized	retractor.

(d)	Autogenous	bone	shavings	harvested	with	the	bone	shaver.

(e)	Allogeneic	bone	is	mixed	with	the	autogenous	bone.
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(f)	Some	sinus	membranes	are	very	thin	and	translucent,	while	others	are	thicker
and	more	dense.	The	level	of	difficulty	involved	in	reflecting	a	membrane

depends	mostly	on	the	strength	of	its	attachment	to	the	bone.

(g)	When	performing	a	bilateral	sinus	graft,	it	is	ideal	to	leave	one	side	packed
with	the	Cottonoid	strip	while	working	on	the	contralateral	side.

(h)	Graft	material	saturated	with	PRP	is	picked	up	to	carry	to	the	recipient	site.
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(i)	Implants	were	placed	simultaneously	with	the	sinus	grafts	bilaterally.

(j)	A	resorbable	membrane	saturated	with	activated	PRP	will	be	used	over	the
osteotomy	window.	The	membrane	should	cover	the	window	and	extend	beyond

the	edges	at	least	3	mm	circumferentially.

(k)	The	collagen	membrane	is	carried	toward	the	lateral	aspect	of	the	maxilla.	It
is	important	that	this	membrane	does	not	slide	from	its	correct	position	covering
the	window	when	the	flap	is	sutured.	It	can	be	tacked	in	position	if	necessary.

(l)	An	immediate	postoperative	panoramic	radiograph	shows	the	implants	in
place	with	a	length	that	could	not	have	been	achieved	without	grafting.

Fig	8-21	Bilateral	sinus	grafts	to	provide	needed	height	for	implant	placement	in
a	moderately	resorbed,	fully	edentulous	maxilla.

(a)	After	the	osteotomy	has	been	completed,	the	island	of	bone	can	be	carefully
separated	and	lifted	from	the	underlying	membrane.	In	cases	where	it	is

extremely	adherent,	it	may	be	left	attached	and	the	membrane	and	bone	reflected
together.	When	the	island	of	bone	is	not	removed,	the	procedure	is	more	difficult
and	visualization	of	the	extent	of	the	sinus	is	decreased.	If	removed	carefully	and
gently,	the	residual	bone	detaches	from	the	membrane	easily	and	without	any

risk	of	tearing.

(b)	The	piece	of	bone	should	be	removed	slowly	and	carefully;	a	quick	or
aggressive	pull	before	it	is	completely	separated	may	cause	a	tear.

(c)	The	buccal	plate	can	be	crushed	and	used	as	a	small	portion	of	the	graft.

(d)	The	Cottonoid	strip	is	saturated	with	lidocaine	with	1:50,000	epinephrine	for
hemostasis.

(e)	The	Cottonoid	strip	is	removed	gently	and	carefully	to	avoid	tearing	the
schneiderian	membrane.
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(f)	Some	autogenous	bone	shavings	are	mixed	with	the	allogeneic	bone	graft
material	to	create	a	composite	graft.

(g)	Before	starting	to	pack	the	graft	material,	it	is	important	to	take	the	time	to
assess	the	volume	of	the	cavity	and	ensure	that	the	implant	site	is	adequately

reflected	for	grafting.

(h)	The	graft	material	should	be	packed	in	a	careful,	orderly	manner	to	avoid
leaving	any	gaps	in	the	area	of	the	graft	and	to	ensure	that	the	graft	is	in	good

contact	with	host	bone.
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Fig	8-22	Sinus	augmentation	grafting	in	a	patient	with	hyperpneumatized
maxillary	sinuses.

(a)	The	osteotomy	is	started	in	a	C	shape	in	order	to	locate	and	localize	a	sinus
septum.	After	its	position	is	well	established,	the	osteotomy	is	continued.

(b)	Good	reflection,	suction,	and	irrigation	are	important	during	osteotomy	and
membrane	reflection.

(c)	Asking	the	patient	to	take	a	few	deep	breaths	through	the	nose	and	to	hold
them	for	a	few	seconds	helps	during	reflection	of	the	membrane.	It	is	also	helpful
in	determining	if	the	membrane	is	torn—a	torn	membrane	will	not	lift	when	the

patient	inhales.

(d)	The	Cottonoid	is	removed	after	approximately	5	minutes.

(e)	The	schneiderian	membrane	is	appropriately	elevated,	and	the	sinus	cavity	is
now	ready	to	be	packed	with	graft	material.	Note	how	the	area	can	be	visualized

due	to	the	hemostasis	achieved	with	the	Cottonoid	strip.

(f)	The	graft	material	should	be	positioned	close	to	the	oral	cavity	to	facilitate
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taking	it	from	the	container	to	the	sinus	cavity.	Contamination	with	saliva	should
be	avoided.

(g)	The	force	applied	while	packing	the	graft	with	the	condenser	should	be
applied	carefully	and	downward	toward	the	bony	floor.	Force	that	is	excessive
and/or	directed	toward	the	schneiderian	membrane	could	cause	the	membrane

to	tear	and	the	graft	to	be	pushed	beyond	it.

(h)	Graft	material	placed	level	with	the	buccal	wall.

(i)	A	PRP	membrane	is	placed	over	the	window.	It	has	a	consistency	that	permits
this	type	of	manipulation.

(j)	Postoperative	healing	at	2	weeks.
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(c)	The	amount	of	bone	loss	in	this	patient	requires	not	only	particulate	bone	but
also	bone	blocks.	Because	of	the	volume	and	configurations	required,	bone	was
harvested	from	the	iliac	crest	in	an	operating	room	under	general	anesthesia.

(d)	The	particulate	bone	is	placed	in	a	5-mL	syringe	with	the	tip	cut	off.	This	is
an	inexpensive,	readily	available,	sterile	way	to	carry	bone	to	the	recipient	sites.
Moreover,	it	allows	the	clinician	to	measure	the	bone	volume	and	condense	the
bone	with	the	plunger.	Nonactivated	PRP	is	added	to	saturate	the	particulate

bone.

(e)	Once	the	nonactivated	PRP	has	saturated	the	graft	material,	the	activating
agent	is	injected.	This	step	is	performed	immediately	prior	to	placement	of	the

graft	in	the	recipient	site.

(f)	The	graft	material	is	injected	out	of	the	syringe.

(g)	For	demonstration	purposes,	the	graft	material	is	pushed	out	onto	a	sterile
towel.	Clinically,	it	is	dispensed	directly	to	the	recipient	site	in	this	manner.

(h)	The	graft	material	holds	together	even	when	fully	released	from	the	syringe
because	of	the	gelatinous	consistency	of	the	PRP.

(i)	The	sinus	cavities	are	filled	first	and,	using	a	condenser,	the	bone	is	pressed
into	all	necessary	areas	of	the	sinus	and	condensed	well.

(j)	The	harvested	bone	blocks	are	cut	into	smaller	blocks	and	carefully	measured
to	fit	deficient	areas	on	the	ridge.

(k)	Both	the	blocks	and	the	ridge	are	contoured	and	shaped	for	excellent
adaptation	and	stabilization.	They	should	be	positioned	to	create	an	ideal	ridge
width	for	dental	implants	as	well	as	an	ideal	maxillomandibular	relationship.

(l)	The	screws	for	affixing	the	bone	blocks	should	be	high	quality	and	of
appropriate	length	and	diameter	with	a	well-fitting	driver.
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(m)	At	least	two	screws	should	generally	be	used	for	each	block	to	prevent
rotation	or	movement.
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(n)	Reshaping	of	the	blocks	continues	as	they	are	placed	to	fill	the	spaces.

(o)	The	edges	of	the	blocks	can	be	contoured	once	they	have	been	screwed	into
position.

(p)	It	is	important	to	check	the	intermaxillary	relationship	during	block
placement	to	ensure	that	an	appropriately	dimensioned	ridge	is	being	created.
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(q)	Particulate	bone	is	used	to	fill	the	space	between	the	blocks	and	create	a
smoother	and	denser	contour.

(r)	A	PRP	membrane	is	formed	and	will	be	used.	Since	most	of	the	surface	of	the
graft	is	cortical	block	bone	and	not	particulate	bone,	a	true	guided	bone

regeneration–type	membrane	is	not	necessary.

(s)	A	PRP	membrane	is	created	by	placing	a	small	pool	of	activated	PRP	onto	a
smooth	sterile	surface.

(t)	This	membrane	is	placed	over	the	blocks	of	bone.

(u)	The	entire	grafted	area	should	be	covered	with	a	membrane.

(v)	A	thorough	dissection	of	the	buccal	flap	should	be	performed	to	permit	a
wide	stretch	of	the	mucosa	and	ensure	a	complete	and	tension-free	primary

closure.	It	is	important	that	the	flap	be	mucosal	only	and	not	contain	buccinator
or	obicularis	oris	muscle	fibers.	This	strategy	will	minimize	tension	and

movement	to	the	flap	during	smiling	and	chewing.	If	necessary,	a	vestibuloplasty
can	be	performed	at	a	later	time.

(w)	Twelve	dental	implants	of	adequate	length,	diameter,	and	position	have	been
successfully	placed	in	a	patient	with	2	to	3	mm	of	ridge	height	and	width	prior	to

grafting.

(x)	Clinical	view	of	the	12	healing	abutments	after	stage	2	surgery,	surrounded
by	healthy	attached	gingiva.
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7	to	8	mm Particulate	graft	and	barrier	membrane	with	pin	fixation

6	to	7	mm Osteotomes	for	ridge	expansion

5	to	6	mm Allogeneic	block	of	bone

4	to	5	mm Autogenous	block	of	bone

1	to	4	mm Downfracture	of	the	maxilla	or	titanium	mesh	crib	(both	with
autogenous	bone)	or	distraction	osteogenesis

Barrier	Membranes

If	the	ridge	is	at	least	8	to	10	mm	in	buccopalatal	width	and	the	interarch	ridge
relationship	is	appropriate,	then	an	implant	can	usually	be	placed	adequately	in
bone.	On	occasion,	some	grafting	may	be	required	for	esthetics	or	to	cover	a	few
exposed	threads	of	the	implant.	In	this	scenario,	a	barrier	membrane	with
titanium	reinforcement	struts	can	be	considered.8	Clinical	experience	and	the
published	literature	have	shown	that	bone	defects	in	a	ridge	of	this	width	can	be
treated	effectively	without	bone	graft	materials	and	using	only	guided	bone
regeneration	(GBR).	In	fact,	the	results	are	so	predictable	that	soft	tissue
management	often	becomes	the	most	serious	obstacle	to	successful	use	of
implant-supported	prosthetics	in	the	anterior	region.51

Use	of	barrier	membranes	for	GBR	in	the	maxilla,	such	as	the	Gore-Tex
titanium-reinforced	submerged	membrane	(W.	L.	Gore,	Flagstaff,	AZ),	can
follow	a	one-	or	two-stage	approach.	Embedded	titanium	struts	allow	the
membrane	to	safely	envelop	the	bone	defect	while	effectively	keeping	the
membrane	off	the	bone	(provided	the	titanium	struts	are	bent	appropriately	and
the	membrane	is	tacked	into	position).	If	sufficient	bone	is	available	for	placing
the	implant	and	primary	stability	is	not	a	concern,	then	the	membrane	and
implant	can	be	placed	simultaneously	in	a	one-stage	approach	to	treat	any	minor
dehiscences	or	fenestrations.	The	membrane	can	be	removed	approximately	6
months	later,	and	prosthetic	treatment	can	commence.	When	local	maxillary
bone	is	insufficient	for	the	placement	of	the	implant	because	of	the	patient’s
esthetic	and	functional	needs,	barrier	membranes	can	be	placed	first	to	help
regenerate	the	bone	in	the	area	of	the	defect.	The	membrane	can	then	be
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(d)	In	this	patient,	the	placement	of	allogeneic	particulate	bone	with	the
membrane	was	preferred.

(e)	A	Gore-Tex	membrane	was	chosen	for	this	patient	because	it	provides	good
adaptation	and	coverage	to	the	area.	This	non-resorbable	membrane	will	be

removed	during	the	stage	2	procedure.

(f)	The	use	of	the	Auto-Tac	system	(BioHorizons,	Birmingham,	AL)	with
resorbable	or	nonresorbable	tacks	is	ideal	to	help	keep	the	membrane

immobilized.

Osteotomes	for	Ridge	Expansion

If	the	ridge	is	at	least	6	to	7	mm,	then	osteotomes	can	be	used	to	expand	and
augment	the	ridge	to	provide	appropriate	amounts	of	bone	for	function,	and	the
ridge	can	generally	be	modified	to	provide	good	esthetics	as	well.

Fig	9-5	Osteotomes	can	be	used	to	expand	and	augment	the	ridge	to	provide
appropriate	bone	for	function.	The	bone	is	compacted	and	relocated	rather	than

removed,	increasing	the	chances	of	implant	survival.

(a)	Osteotomes	of	increasing	diameter	(0.03	to	0.06	mm)	are	used	to	create	an
osteotomy	to	accommodate	a	specific	implant	system.	(From	Saadoun	AP,	Le
Gall	MG.	Implant	site	preparation	with	osteotomes:	Principles	and	clinical
application.	Pract	Periodontics	Aesthet	Dent	1996;8:453–463.	Used	with

permission.)

(b)	Preoperative	view	showing	a	thin	ridge	in	the	anterior	maxilla	missing	four
incisors.	A	flap	is	reflected	in	order	to	gain	access	and	visibility.

(c)	The	flap	is	reflected	and	retracted	to	expose	the	ridge.

(d)	A	surgical	template	is	positioned	to	determine	the	appropriate	osteotomy
sites.
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(e)	The	smallest	diameter	drill	for	the	particular	implant	system	is	used	first	to
reach	the	correct	depth	for	the	implant,	which	is	then	selected.

(f)	An	osteotome	of	the	same	diameter	as	the	drilled	osteotomy	(or	slightly
larger,	eg,	0.03	mm	or	less)	is	introduced	into	the	site.	Osteotomes	of	larger

diameter	are	used	to	reach	the	appropriate	depth	based	on	the	size	of	implant	to
be	placed.	The	osteotomes	are	either	slowly	rotated	in	by	hand	or	by	gentle

tapping	with	a	mallet.	The	final	osteotome	should	approximate	the	implant	shape
and	diameter.

Using	osteotomes	to	expand	a	narrow	anterior	alveolar	ridge	prior	to	implant
placement	offers	a	particularly	versatile	approach	for	the	clinician.	Key
advantages	of	the	osteotome	technique	include	minimal	or	no	drilling,
conservation	of	osseous	tissue,	improvement	of	bone	density,	and	implant-to-
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shown.

(h)	Postoperative	radiograph	showing	implants	in	place.

(i)	Occlusal	view	of	the	ridge	shows	the	increased	buccopalatal	dimension
created	with	osteotomes.

(j)	Fixed	abutments	are	shown	on	the	dental	implant	in	preparation	for	fixed
prosthetics.

Allogeneic	Block	Bone	Grafts

If	the	ridge	is	at	least	5	to	6	mm	bucco-palatally,	then	an	allogeneic/FDBA
should	be	considered.	Allografts	have	been	used	for	years	as	viable	alternatives
to	autogenous	bone	grafts.	They	eliminate	many	of	the	disadvantages	associated
with	autogenous	grafts,	including	morbidity,	limited	volume	and	dimension	of
bone,	and	harvesting	time.	In	cases	requiring	good	structural	support,	such	as
ridge	augmentation,	blocks	of	allogeneic	bone	can	be	used	predictably	to	serve
as	a	scaffolding	that	will	eventually	resorb	and	be	replaced	with	host	bone	(Fig
9-6).

Allogeneic	bone	materials	should	contain	both	the	collagen	and	mineral
components	of	bone.	For	example,	the	Puros	J-block	(Zimmer	Dental,	Carlsbad,
CA)	is	harvested	and	processed	to	eliminate	the	cells,	moisture,	fats,	and	lipids
but	to	maintain	the	collagen	and	mineral	components.	In	general,	the	criteria	for
using	allogeneic	block	grafts	are	the	same	as	the	criteria	for	using	autogenous
block	grafts	described	later	in	this	chapter,	with	the	following	exceptions:
1.	 When	an	allogeneic	bone	block	is	used,	both	the	recipient	site	and	the	block

graft	should	be	decorticated.
2.	 Barrier	membranes	are	required	with	autogenous	blocks	of	bone	only	if

more	than	50%	of	the	surface	is	particulated.	However,	with	the	allogeneic
block,	barrier	membranes	are	recommended	in	all	cases.

3.	 The	autogenous	block	does	not	require	rehydration;	however,	the	J-block	is
rehydrated	prior	to	use,	preferably	in	nonactivated	platelet-rich	plasma
(PRP).
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(c)	The	block	is	sculpted	for	the	best	possible	fit	in	the	deficient	area.

(d)	The	block	is	placed	in	the	defect	to	check	for	adaptation	and	contoured	as
necessary	for	good	fit	and	initial	stability.

(e)	Block	grafts	of	any	kind	should	be	stabilized	and	screwed	in	place,	preferably
with	more	than	one	screw,	to	provide	as	much	adaptation	as	possible	to	the	host

bone	and	to	minimize	rotation	or	micromovement.

(f)	The	retaining	screws	(shown	radiographically)	will	be	removed	at	the	time	of
implant	placement.

(g)	Soft	tissue	dissection	can	provide	a	tension-free	flap	to	reduce	soft	tissue
dehiscence	from	adjacent	muscle	pull.

(h)	The	buccal	flap	is	repositioned	after	careful	dissection	to	permit	it	to	be
tension	free.	It	was	designed,	replaced,	and	sutured	so	that	both	papillae	remain

intact.

Autogenous	Bone	Block

Clinicians	should	use	their	own	discretion	in	prescribing	antibiotics	and	anti-
inflammatory	medications	before	and	after	surgery.	Some	clinicians	have
suggested	using	ibuprofen	1	hour	prior	to	surgery	and	for	3	to	7	days	afterward.
Amoxicillin	can	also	be	prescribed	for	use	before	and	after	surgery.	In	the	area	of
the	maxillary	alveolar	defect,	2%	lidocaine	with	1:100,000	epinephrine	may	be
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used	as	a	local	anesthetic;	articaine	is	also	an	alternative.

An	incision	is	made	on	the	palatal	aspect	of	the	maxillary	ridge	to	elevate	a
split-thickness	mucosal	flap.	The	periosteum	is	then	incised	over	the	crest.
Divergent	releasing	incisions	are	made	adjacent	to	the	bordering	teeth,	and	a
full-thickness	flap	is	elevated	to	expose	the	defect.	Proper	flap	reflection	and
careful	incision	are	crucial.	By	exposing	the	recipient	area,	the	clinician	can
verify	the	need	for	the	graft	as	well	as	the	optimal	amount	of	bone	required.

Before	any	intraoral	donor	bone	is	harvested,	the	recipient	site	should	be
debrided	and	irrigated	to	remove	any	potentially	inflammatory	tissue	or	scar
tissue.	Osteoinduction	and	osteoconduction	will	be	delayed	by	the	presence	of
fibrous	(scar)	tissue	or	complicated	if	epithelial	tissue	remains.	This	can	lead	to
fibrous	healing	instead	of	bone	formation.75,	76	A	piece	of	bone	wax	can	be
placed	into	the	defect	area	and	modeled	to	approximate	the	dimensions	of	the
bone	graft.	The	bone	wax	can	then	be	removed	and	used	as	a	template	for
harvesting	an	appropriate-sized	block	graft.	Alternatively,	other	sterile	materials
can	be	cut	to	shape	and	used	as	a	template.	The	host	bone	should	be	perforated
with	a	small	round	bur	to	increase	the	availability	of	osteogenic	cells,	which	can
accelerate	revascularization	and	improve	union	of	the	graft	to	the	host	bone.

The	graft,	which	should	be	placed	as	soon	as	possible	after	harvesting,	is
contoured	to	eliminate	sharp	edges	and	to	ensure	maximal	contact	with	the	bone
in	the	defect.	Typically,	1.0-	to	1.6-mm-diameter	titanium	alloy	screws	are	used
to	affix	the	graft	to	the	host	bone.	Small	discrepancies	should	also	be	filled	with
particulate	cancellous	bone	from	the	harvest	site.

A	tension-free	closure	over	these	grafts	is	important.	Prior	to	suturing,	the
buccal	periosteum	of	the	mucosal	flap	should	be	scored	with	a	scalpel	and
undermined	to	allow	a	greater	advancement	of	the	soft	tissue.	The	incisions	are
then	closed	using	3–0	chromic	interrupted	mattress	sutures.	This	approach
minimizes	tension	and	maintains	coverage.	The	provisional	removable	partial
denture	should	be	adjusted	to	avoid	contact	with	the	grafted	area	(Fig	9-7).

Antibiotics	and	Adjunctive	Techniques

Amoxicillin	or	clindamycin	can	be	administered	1	hour	before	the	operation	and
continued	for	up	to	1	week	afterward.	Dexamethasone	can	be	prescribed	the	day
of	surgery	and	continued	for	several	days	postoperatively.	Complications	such	as
membrane	exposure,	infection,	and	plaque	accumulation	can	be	addressed	in
subsequent	appointments.	Serious	exposure	of	the	membrane	may	require
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(g)	A	mold	of	the	defect	will	help	the	clinician	obtain	blocks	that	fit	as	accurately
as	possible.	Something	as	simple	and	readily	available	as	the	piece	of	plastic

that	carries	the	suture	can	be	used.

(h)	The	flat	piece	of	sterile	plastic	is	held	against	the	defect	to	help	visualize	the
desired	size	and	shape	of	the	block.

(i)	The	mold	is	cut	and	shaped	appropriately.	This	reduces	the	amount	of	cutting
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and	shaping	of	the	bone	block	and	also	minimizes	both	the	risk	for	damage	and
the	chance	of	harvesting	blocks	that	are	too	small	or	too	large	for	the	recipient

site.

(j)	A	ruler	is	used	to	help	determine	the	length	of	the	anterior	incisors.
Radiographs	are	also	useful	for	this	purpose;	however,	magnification	must	be

taken	into	consideration.

(k)	A	sterile	surgical	marker	can	be	used	to	indicate	where	the	apices	of	the
incisors	are	situated	and	the	area	from	which	the	bone	can	be	safely	harvested.

(l)	The	previously	cut	mold	is	transported	to	the	anterior	mandible.

(m)	Markings	are	made	where	a	no.	1701	bur	will	be	used	to	cut	the	blocks	down
to	the	medullary	bone.

(n)	If	the	steps	are	followed	carefully	and	the	block	is	cut	fully	and	deeply
enough,	it	should	be	easy	to	retrieve	in	one	piece	with	the	help	of	a	chisel.	The
anteriormost	cut	should	be	made	at	a	45-degree	bevel	to	allow	the	chisel	to	slide

in	easily.	It	is	better	to	obtain	a	slightly	larger	block	of	bone	than	what	is
needed,	provided	it	does	not	increase	morbidity	and	the	adjacent	anatomy

permits	it.

(o)	A	hemostatic	collagen	material	such	as	Avitene	(MedChem	Products,
Woburn,	MA)	can	be	used	to	fill	the	donor	sites	so	as	to	stop	the	bleeding.

(p)	This	resorbable	hemostatic	material	can	be	lifted	with	tissue	pliers	and	easily
packed	into	the	donor	sites.

(q)	In	addition	to	its	hemostatic	effects,	this	material	helps	create	a	scaffold	that
will	add	volume	to	the	sites.	If	desired,	particulate	or	putty	graft	material	can	be

placed	into	the	donor	site	at	this	time.

(r)	The	blocks	of	bone	are	placed	in	their	correct	position	and	affixed	with	two
screws	apiece	to	prevent	rotation	and	micromovement.
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(s)	An	occlusal	view	shows	over-contouring	that	will	compensate	for	the
expected	resorption.	If	the	blocks	do	not	resorb	enough	and	remain	too	bulky,

they	can	be	shaved	down	as	needed	with	a	large	oval	surgical	bur.

(t)	Good	dissection	of	the	flap	to	divide	stretchable	mucosa	from	nonstretchable
periosteum	is	very	important	in	this	patient,	in	whom	contour	volume	was

augmented	and	primary	closure	of	the	flap	is	necessary.

(u)	Occlusal	view	showing	that	the	contour	of	the	anterior	maxillary	ridge	has
already	been	restored	to	its	original	form.	The	provisional	crowns	placed

according	to	the	resorbed	maxilla	are	positioned	further	back.	Implants	will	be
placed	in	the	correct	three-dimensional	position	and	later	restored	with	central

incisor	crowns	in	an	optimal	intermaxillary	relationship.
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(c)	An	extended	flap	is	designed	with	incisions	distal	to	the	lateral	teeth	to
provide	ample	working	space;	an	extensive,	easy-to-dissect	flap;	and	incision

lines	far	from	the	grafted	area.

(d)	A	bone-wax	mold	of	the	area	serves	as	a	surgical	template	and	helps	the
clinician	remove	a	bone	block	of	the	correct	size	and	shape	from	the	chin.

(e)	The	donor	site	is	evaluated	to	determine	which	of	the	three	different	incision
designs	used	for	the	anterior	mandibular	bone	block	harvest	is	most

appropriate:	intrasulcular,	attached	gingival,	or	vestibular.

(f)	The	attached	gingival	incision	was	chosen	for	this	patient	to	minimize	the
chance	of	blunting	the	thin,	scalloped	papillae	with	an	intersulcular	incision	or
damaging	the	high	frenum	or	labial	frenum	or	causing	a	scar	band	in	the

vestibule	with	a	vestibular	incision.

(g)	Two	bone	blocks	are	harvested	according	to	the	mold	taken	of	the	defect
area.	The	bone	block	is	cut	down	to	cancellous	bone	with	a	no.	1701	bur	and

retrieved	using	a	chisel.

(h)	The	bone	blocks	are	placed	on	the	anterior	maxilla	and	affixed	with	titanium
screws.	In	this	case,	only	one	screw	was	used	per	block	because	the	blocks	fit

perfectly	in	each	space	after	careful	molding.

(i)	A	mouth-guard	type	of	removable	denture	with	maxillary	central	incisors	was
given	to	the	patient	postsurgery.	Alternatively,	an	Essix	appliance	(Raintree

Essix,	Metairie,	LA)	may	be	used.	A	common	tissue-borne	partial	denture	would
not	guarantee	separation	of	pressure	from	the	prosthesis	and	the	surgical	site	as

this	one	does.

(j)	Note	the	excellent	condition	of	the	tissues	1	week	after	the	surgery,	at	the	time
of	suture	removal.

(k)	After	6	months,	implants	are	placed	in	the	areas	of	the	central	incisors.
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Implant	indexing	at	the	time	of	placement	allows	the	clinician	to	provide	the
patient	with	provisional	crowns	when	the	implants	are	uncovered.	Atlantis
System	impression	posts	(Atlantis	Components,	Cambridge,	MA)	are	easily

screwed	into	the	implants	before	the	flap	is	replaced.

(l)	Bite	registration	material	is	injected	around	the	impression	posts	and	several
adjacent	teeth.	The	impression	posts	are	then	unscrewed	and	sent,	along	with
preliminary	casts	and	shade	selection,	to	the	laboratory	for	custom	abutment

and	provisional	crown	fabrication.

(m)	Four	months	later,	the	characteristics	of	the	gingiva	are	carefully	evaluated
to	determine	which	uncovering	technique	will	provide	the	best	function	and

esthetics	in	the	area.

(n)	The	good	height,	shape,	and	condition	of	the	three	papillae	(right,	middle,
and	left)	called	for	a	papilla-sparing	incision	placed	slightly	palatally	to	allow
for	apical	repositioning	of	the	soft	tissue	and	to	provide	an	adequate	band	of

attached	gingiva.

(o)	This	Atlantis	abutment,	created	using	CAD/CAM	technology,	shows	the	exact
transverse	anatomy	of	a	maxillary	central	incisor	and	provides	an	excellent

periodontal	environment	and	esthetics	for	the	final	restoration.
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(p)	Both	Atlantis	abutments	are	screwed	into	the	implants	and	the	flap	is
replaced.	The	papillae	were	preserved	as	planned.

(q)	The	Atlantis	provisional	crowns	are	cemented	before	suturing.	Their	contour
and	smooth	finish	will	help	the	soft	tissues	around	them	heal	toward	the	correct
anatomy.	All	excess	temporary	cement	should	be	carefully	eliminated	to	avoid

interference	with	the	healing	process.

(r)	An	occlusal	view	shows	how	anatomically	correct	abutments	yield
anatomically	correct	provisional	crowns,	stimulating	anatomically	correct

healing.
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(s)	Results	that	satisfy	both	patient	and	clinician	can	be	obtained	when	every
step	of	a	treatment	plan	targeted	toward	retaining	the	natural	anatomy	of	the

hard	and	soft	tissue	is	carefully	followed.	The	gingiva	around	the	abutments	is	of
the	correct	height	and	width	and	is	ready	for	impressions	for	definitive	porcelain

crowns.

(t)	An	occlusal	view	permits	appreciation	of	the	natural	buccal	contour	of	the
two	central	incisor	abutments.

(u)	The	optimal	angulation	favors	the	intermaxillary	relationship	that	is
essential	in	the	anterior	maxilla.

Table	9-2

Potential	complications	of	augmentation	and	grafting	for	the	maxillary
anterior	alveolar	ridges

Complication Cause Preventive	measures

Damage	to
adjacent	teeth

Placement	of
fixation	screws	into
tooth	roots	or
periodontal
ligament	space

Use	caution	when	drilling	holes
for	the	placement	of	fixation
screws	and	while	placing	the
screws.

Inadequate	ridge
size	after
grafting

Grafting	with
inadequate	amount
of	graft	material;
resorption	of	graft

Take	accurate	preoperative
measurements,	use	a	waxup	of	the
ridge	to	determine	the	ideal	ridge
size	and	shape,	and	minimize
resorption	by	using	intra-oral
bone	and	membrane	barriers.

Incision
Inadequate	release
of	flap;	poor	closure

Be	sure	to	release	the	flap
adequately	by	incising	the
periosteum	and	blunt	dissection
and	then	suturing	the	flap
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concha	is	removed.

Fig	10-5

Nasal	cavity	with	mucosa	reflected	in	a	cadaver	(a)	and	patient	(b).	The	amount
of	nasal	mucosa	that	is	reflected	in	depth	should	be	enough	to	provide	bone

surrounding	the	apex	of	the	implant	regardless	of	the	angle	at	which	it	is	placed.

Fig	10-6

The	graft	material	of	choice	for	this	nasal	elevation	case	was	autogenous	bone
mixed	with	allogeneic	bone	in	a	1:1	ratio	(a).	A	sterile	plastic	syringe	with	the
tip	cut	off	is	used	as	a	graft	carrier	(b),	and	the	material	is	injected	into	the

recipient	site	(c).
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When	subnasal	augmentation	is	performed	in	conjunction	with	iliac	graft
reconstruction	of	the	maxilla,	a	2-	to	5-mm	septal	reduction	is	performed	on	the
anterior	septum,	taking	care	to	avoid	tearing	the	mucosal	lining	of	the	basal
septum.	A	5-	to	7-mm-high	block	graft	is	fixed	with	one	or	two	miniscrews
placed	laterally;	the	miniscrews	can	be	left	permanently	if	facial	augmentation	is
performed	over	them.	This	provides	enough	stabilization	for	standard	implants.
If	additional	ridge	width	is	needed,	block	grafts	from	the	anterior	mandible	or
ramus	can	be	affixed	to	the	buccal	aspect	of	the	anterior	maxilla	(Figs	10-9	and
10-10).	After	maturation	of	the	graft,	appropriately	sized	implants	can	be	placed.

Fig	10-9

A	large	pineapple-shaped	bur	is	also	used	to	modify	the	recipient	site	to	allow
for	good	adaptation	of	a	block	bone	graft.	Sites	that	require	a	nasal	lift

procedure	for	additional	bone	height	typically	require	a	block	bone	graft	for
additional	bone	width	as	well.	The	buccal	wall	of	the	anterior	maxilla	is
perforated	repeatedly	with	a	small	round	bur	to	promote	bleeding.
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Fig	11-1

(a)	Small	package	of	the	InFuse	material,	which	contains	two	collagen	sponges
and	rhBMP-2.

(b)	When	used	as	a	carrier	for	rhBMP-2,	an	absorbable	collagen	sponge	retains
the	rhBMP-2	at	the	surgical	site	and	provides	a	favorable	environment	for	bone

formation.

(c)	Absorbable	collagen	sponges	act	as	carriers	to	deliver	rhBMP-2.
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growth.	These	include	platelet-derived	growth	factor	(PDGF),	insulin-like
growth	factor	(IGF),	fibroblastic	growth	factor	(FGF),	and	transforming	growth
factor-beta	(TGF-β).	This	chapter	describes	their	function	in	bone	formation	and
provides	information	on	the	current	state	of	research	for	each	factor.

Growth	Factors

Platelet-Derived	Growth	Factor

PDGF	is	one	of	the	principal	wound-healing	hormones.	It	plays	several
important	roles	in	bone	formation	and	regeneration,	including	(1)	increasing	the
number	of	healing	cells	(including	osteoblasts)	present	at	the	wound	site;	(2)
transforming	endothelial	mitoses	into	functioning	capillaries;	(3)	debriding	the
wound	site;	and	(4)	providing	a	second-phase	source	of	growth	factors	for
continued	bone	regeneration.1	Its	primary	effect	is	as	a	potent	mitogen,	initiating
cell	division,	and	as	a	chemotactic	factor	for	cells	of	mesenchymal	origin,
including	osteoblasts.	Several	subtypes	of	PDGFs	exist;	they	consist	of
homodimers	or	heterodimers	of	the	PDGF-A	and	PDGF-B	gene	products.
Sources	of	PDGF	include	platelets	as	well	as	activated	macrophages	and	bone
matrix.2	The	most	intense	area	of	PDGF	research	involves	the	use	of	platelet-
rich-plasma	(PRP),	as	described	below.

Because	growth	factors	are	cell-specific,	meaning	that	particular	growth
factors	work	only	to	stimulate	specific	cell	types,	many	researchers	studying	the
usefulness	of	PDGF	have	also	focused	on	combining	it	with	other	growth	factors
to	optimize	complete	tissue	regeneration.	Much	of	the	research	on	such	PDGF
combinations—particularly	with	IGF—has	addressed	their	usefulness	for
periodontal	regeneration,3	including	a	recent	clinical	trial	(FDA	phase	1	and	2)
of	38	patients	with	moderate	to	severe	periodontitis.	At	6	to	9	months
postsurgery,	patients	treated	with	a	combination	of	PDGF-BB	and	IGF-1	(150
µg/mL	of	each)	experienced	a	statistically	significant	43%	mean	bone	fill	(with
2.1	mm	vertical	bone	height),	whereas	control	groups	receiving	either	sham
surgery	or	carrier	alone	experienced	an	average	18.5%	fill	(with	0.8	mm	vertical
bone	height).4

Lee	et	al	demonstrated	the	ability	of	PDGF	to	induce	bone	regeneration	earlier
than	guided	bone	regeneration	alone.5	His	team	placed	500	ng	of	PDGF-BB	in
molded	poly(L-lactide)	membranes	and	inserted	them	into	defects	of	various
sizes	in	four	rabbit	calvaria.	At	4	weeks,	the	dome-shaped	treated	membranes
obtained	almost	complete	bone	formation	(28%	new	bone)	compared	with
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combination	than	it	does	on	its	own.	Thus,	most	in	vivo	studies	have
incorporated	IGF	in	combination	with	this	and	other	growth	factors.

Fibroblast	Growth	Factor

FGFs	received	their	name	because	of	their	general	growth-promoting	effects	on
most	fibroblastic	cell	types.	This	growth	factor—which	occurs	in	both	acidic	and
basic	forms	and	is	stored	in	bone—also	stimulates	angiogenesis	for	vascular
invasion	of	bone,	wound	healing,	and	cell	migration.	Both	forms	of	FGF
stimulate	bone	cell	replication,	but	they	can	also	inhibit	matrix	synthesis	by	bone
cells	under	some	conditions,	and	they	have	no	stimulatory	effect	on	mature
osteoblasts.3,	10

Lab	studies	suggest	FGFs	may	stimulate	endothelial	and	periodontal	ligament
cell	migration	and	proliferation	as	well,	but	only	a	few	positive	in	vivo	studies
supporting	an	enhanced	bone	regenerative	benefit	for	either	orthopedic	or
craniomaxillofa-cial	applications	have	been	reported.11,	12,	13,	14	Appropriate
dosage	and	delivery	systems	are	important	unresolved	issues	regarding	FGF.13,
14,	15

Transforming	Growth	Factor-Beta

TGF-β	is	a	multifunctional	growth	factor	synthesized	by	many	cell	types,	and
almost	every	cell	type	can	be	stimulated	by	at	least	one	of	the	various	TGF-β
molecules.	It	is	one	of	the	major	growth	factors	present	in	bone	(as	well	as
platelets)	and	is	structurally	related	to,	but	functionally	different	from,	the
BMPs.	Generally,	TGF-β	is	a	weak	mitogen	for	osteoblasts.	It	has	been	shown	to
be	chemotactic	for	bone	cells	and	may	increase	or	decrease	their	proliferation
depending	on	various	conditions.	It	has	also	been	shown	to	stimulate	type-1
collagen	synthesis.2,3	Several	in	vivo	studies	have	shown	that	TGF-β	can	induce
new	cartilage	and	bone,	but	only	if	it	is	planted	in	proximity	to	a	bony	site.3	As
with	IGF,	in	vitro	evidence	suggests	that	TGF-β	may	exert	more	powerful	bone-
forming	effects	in	combination	with	PDGF.16	In	vivo	studies	demonstrate	that
TGF-β1	can	induce	bone	closure	of	calvar-ial	defects	in	rabbits,17	enhance
fracture	healing	in	rabbit	tibiae,18	and	promote	osseous	wound	healing	in	rats.19
These	studies	also	suggest	that	TGF-β1	has	a	dose-related	effect	on	bone
induction,	but	that	a	higher	dose	does	not	always	generate	more	bone.

Two	recent	animal	studies	suggest	that	TGF-β1	maybe	a	useful	adjunct	to
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allografts.	See	Allografts.
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bone	modeling	with
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guided	bone	regeneration	used	with.	See	Guided	bone	regeneration.
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Demineralized	freeze	-	dried	bone	allografts
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Vascular	endothelial	growth	factor
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Xenografts

Dentlearn.ir



Arun	K.	Garg,	DMD,	is	a	professor	of	surgery	in	the	Division	of	Oral	and
Maxillofacial	Surgery	at	the	University	of	Miami	School	of	Medicine,	where	he
also	serves	as	director	of	the	Center	for	Dental	Implants.	In	addition,	he	is
director	of	the	dental	residency	training	program	at	Jackson	Memorial	Hospital,
Miami,	and	a	visiting	professor	in	the	Department	of	Periodontics	at	the
University	of	Florida	in	Gainesville.	Since	1989,	Dr	Garg	has	conducted	hands-
on	surgical	training	workshops	using	cadaver	specimens	as	well	as	live	surgical
courses	on	a	variety	of	procedures.	He	has	published	numerous	articles	and	book
chapters	on	bone	physiology,	bone	growth	factors,	and	platelet-rich	plasma.	He
is	editor	of	Dental	Implantology	Update	and	serves	on	the	editorial	boards	of
several	journals.	Dr	Garg	has	served	as	an	officer	for	numerous	other
associations	and	as	the	program	chairman	for	many	conferences	and	symposia.

Dentlearn.ir


