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has	lectured	nationally	and	internationally	on	many	periodontal	and	implant-related	topics.	FERMIN	A.	CARRANZA,	DR	ODONT,	FACD	Dr.	Fermin	A.	Carranza	graduated	from	the	University	of	Buenos	Aires	School	of	Dentistry	in	Argentina	in	1948	and	completed	his	postdoctoral	training	in	periodontics	at	Tufts	University	School	of	Dental	Medicine	in
1952	under	the	mentorship	of	Dr.	Irving	Glickman.	Dr.	Carranza	is	Professor	Emeritus	of	Periodontology	at	the	UCLA	School	of	Dentistry.	He	was	head	of	the	Department	of	Periodontics	at	the	University	of	Buenos	Aires	from	1966	to	1974,	and	at	UCLA	from	1974	until	his	retirement	in	1994.	Dr.	Carranza	has	published	more	than	218	scientific
papers	and	abstracts	on	basic	and	applied	aspects	of	periodontics	and	18	books,	including	the	past	five	editions	of	Clinical	Periodontology.	He	has	received	numerous	awards	and	recognition	for	his	work,	including	the	IADR	Science	Award	in	Periodontal	Disease	and	the	Gies	Award	of	the	American	Academy	of	Periodontology.	Dr.	Carranza	has
lectured	throughout	the	world	on	clinical	periodontology,	pathology,	and	therapy.	About	the	Adaptation	Editors	Dr	CD	Dwarakanath	obtained	his	BDS	degree	from	Government	Dental	College	Bangalore	in	1975	and	his	Masters	degree	in	Periodontics	from	Madras	Dental	College,	Madras	in	1980.	He	has	been	totally	into	academics	having	taught	in
India	and	abroad	for	the	last	36	years	and	has	trained	scores	of	BDS	and	MDS	students.	He	has	lectured	extensively	throughout	the	country	and	is	one	of	the	most	sought	after	speakers	in	Periodontology	in	India	today	Until	now	he	has	delivered	more	than	130	orations.	At	present	he	is	working	as	Professor	and	Head	of	the	Department	of
Periodontology	and	Director	of	Postgraduate	Studies,	Vishnu	Dental	College,	Bhimavaram.	He	has	served	as	a	member	of	the	Board	of	Studies,	PhD	board	and	Research	grants,	and	Curriculum	and	syllabus	committee	of	many	universities.	He	has	conducted	many	teachers'	training	programs.	He	is	also	the	former	President	of	the	Indian	Society	of
Periodontology.	Dr	Dilip	G	Naik	obtained	his	BDS	in	1983	and	MDS	in	Periodontology	in	1986	from	Manipal	College	of	Dental	Sciences,	Manipal.	He	is	a	founder	staff	of	Manipal	College	of	Dental	Sciences,	Mangalore,	having	joined	in	1987.	At	present,	he	is	the	Dean	and	Professor	of	Periodontology	of	Manipal	College	of	Dental	Sciences,	Mangalore.
He	had	a	stint	of	8	years	at	the	Al-Arab	Medical	University,	Benghazi,	Libya.	He	obtained	a	certificate	in	Oral	Implantology	from	Manipal	University	in	the	year	2000.	He	has	undergone	training	in	Oral	Implantology	at	Germany.	He	has	been	a	keynote	speaker	at	several	national	and	international	conferences.	He	has	over	40	national	and	international
publications	to	his	credit.	He	has	conducted	12	national	and	international	multicentric	clinical	trials.	He	was	the	Vice	President	of	Indian	Society	of	Periodontology	for	2	consecutive	years.	Dr	N	Ambalavanan	obtained	his	BDS	degree	from	Madras	University	in	1981	and	his	MDS	degree	from	Madras	University	in	1985.	He	has	been	into	academics	and
taught	for	more	than	27	years	to	UG	and	PG	students.	He	is	a	Life	member	of	Indian	Society	of	Periodontology	He	was	former	Honorary	Secretary	and	former	President	of	Madras	branch	of	Indian	Dental	Association.	He	has	contributed	chapters	in	Textbook	of	Periodontology	and	Oral	Implantology	published	by	Elsevier.	He	has	more	than	30	scientific
publications	to	his	credit.	Dr	Ashita	Uppoor	graduated	from	Nair	Dental	College,	Bombay	in	1988	and	went	on	to	do	her	MDS	in	Periodontology	in	1994	from	Manipal	College	of	Dental	Sciences,	Manipal.	Later,	she	,	,	joined	Manipal	College	of	r	',	·\~'	·	·'	Dental	Sciences,	Mangalore	'	'	'	.A	as	an	assistant	professor.	At	present	she	is	the	Associate	Dean
and	Professor	of	Periodontology	in	the	same	institution.	She	has	been	teaching	both	UG	and	PG	students	for	past	20	years.	She	has	to	her	credit	publications	in	both	national	and	international	journals.	She	is	currently	the	editor-in-chief	of	Journal	of	Interdisciplinary	Dentistry.	J	xix	xx	About	the	Adaptation	Editors	Dr	Ashish	Jain	is	presently	working	as
Principal-cumProfessor	at	Dr	Harvansh	Singh	Judge	Institute	of	Dental	Sciences	and	Hospital,	Panjab	University,	Chandigarh.	He	did	his	Masters	in	Periodontology	from	Nair	Dental	College,	Bombay.	Post	MDS,	he	did	a	Post	Doctoral	Fellowship	at	Goldman	School	of	Dental	Medicine,	Boston	University.	He	did	another	Fellowship	in	Implants	Dentistry
from	Harvard	School	of	Dental	Medicine,	Harvard	University,	USA.	Dr	Jain	is	recipient	of	Global	Scholarship	from	ITI,	Switzerland.	He	is	also	an	Adjunct	Associate	Research	Investigator	at	Forsyth	Institute,	Harvard	University	and	has	been	an	Adjunct	Associate	Professor	at	Tufts	University	and	an	Adjunct	Associate	Professor	at	Boston	University.	Dr
Jain	has	held	the	post	of	President,	Indian	Society	of	Periodontology.	He	was	Assistant	Editor	of	Journal	of	ISP	and	Founder	Vice-President	of	Academy	of	Oral	Implantologists.	Dr	Jain	has	been	Editor	of	Dentistry	India,	Official	Publication	of	Dental	Council	of	India.	He	has	been	awarded	Dr	ML	Soni	Memorial	Award	in	2004	by	International	College	of
Dentists.	He	has	more	than	55	publications	and	lectures	exclusively	at	various	national	and	international	platforms	and	has	delivered	more	than	70	lectures	so	far.	Preface	to	the	South	Asia	Edition	It	was	more	than	six	decades	ago,	the	first	edition	of	this	classic	textbook	on	Periodontology	was	published.	Edition	after	edition	has	kept	abreast	with	the
advances	in	understanding	the	mechanisms	and	causes	of	the	diseases	at	the	cellular	and	molecular	biology	level.	Newer	modes	of	therapy	and	clinical	techniques	have	always	found	a	mention	in	each	edition.	The	contemporary	philosophy	of	reconstruction	and	regeneration	of	periodontal	tissues,	dental	implants,	and	perioesthetics	have	been
exhaustively	covered	in	the	newer	editions.	We	have	made	a	humble	effort	in	the	Second	South	Asian	edition	of	this	numero	uno	textbook	to	customize	it	according	to	this	expanse	of	the	globe.	This	book	is	a	culmination	of	the	desire	of	educators,	students,	clinicians,	researchers,	and	policy	makers,	to	have	a	textbook	suited	to	the	syllabus	of	the	South
Asian	academia.	Every	attempt	has	been	made	to	preserve	the	same	tradition	of	comprehensiveness	and	organization	of	the	original	textbook.	You	can	refer	the	front	inner	cover	of	the	book	to	explore	online	additional	reading	material.	Besides	these,	you	will	get	access	to	the	complimentary	e-book	also.	It	is	our	endeavor	to	present	the	entire	revised
edition	in	a	compact	print	edition.	The	entire	exercise	has	been	done	with	the	goal	of	achieving	clarity	and	for	the	reader	to	comprehend	easily.	We	are	confident	that	this	new	adapted	version	of	the	textbook	will	not	only	meet	the	requirements	of	the	undergraduate	but	also	the	postgraduate,	teacher,	periodontist	consultant,	and	general	dental
practitioner.	We	hope	it	will	be	the	number	one	choice	among	the	dental	fraternity	as	the	classic	textbooks	of	Glickman's	and	Carranza's	which	are	considered	as	the	Periodontology	Encyclopedia.	CD	Dwarakanath	N	Ambalavanan	DG	Naik	A	Uppoor	A]ain	xxi	Page	left	intentionally	blank	Preface	to	the	12th	Edition	This	twelfth	edition	is	the	most
comprehensive	textbook	and	information	resource	about	periodontology	available	anywhere.	Using	Elseviers	advanced	technology	and	high	standards	of	quality,	the	international	team	of	editors	and	contributors	have	developed	the	most	comprehensive	periodontal	resource	available.	Since	publication	of	the	first	edition	of	this	book	62	years	ago,
periodontology	has	made	tremendous	progress.	Analysis	of	periodontal	tissues	and	elucidation	of	the	mechanisms	and	causes	of	disease	have	extended	far	beyond	histology	and	physiology	and	into	the	realm	of	cellular	and	molecular	biological	understanding.	New	therapeutic	goals	and	clinical	techniques,	based	on	an	improved	understanding	of
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disease,	diabetes).	In	addition,	periodontology	continues	to	bring	clinical	advancements	in	reconstruction	of	oral	hard	and	soft	tissue	as	well	as	continued	development	of	dental	implants	to	the	profession.	The	periodontium	(in	Greek	"peri"	means	"around"	and	"odontos"	means	"tooth")	is	a	dynamic	structure	composed	of	the	tissues	supporting	and
investing	the	teeth.	It	comprises	of	four	principal	components	which	have	been	divided	into	two	parts:	•	gingiva	whose	main	function	is	protection	of	the	underlying	tissues	•	periodontal	ligament,	cementum	and	alveolar	bone	which	comprises	the	attachment	apparatus	Each	of	these	periodontal	components	is	distinct	in	its	location,	tissue
architecture,	biochemical	composition,	and	chemical	composition,	but	all	of	these	components	function	together	as	a	single	unit.	Recent	research	has	revealed	that	the	extracellular	matrix	components	of	one	periodontal	compartment	can	influence	the	cellular	activities	of	adjacent	structures.	Therefore,	the	pathologic	changes	that	occur	in	one
periodontal	component	may	have	significant	ramifications	for	the	maintenance,	repair,	or	regeneration	of	other	components	of	the	periodontium.	This	section	first	discusses	the	structural	components	of	the	normal	periodontium;	it	then	describes	their	development,	vascularization,	innervation,	and	functions.	Oral	Mucosa	The	oral	mucosa	consists	of
the	following	three	zones:	1.	The	gingiva	and	the	covering	of	the	hard	palate,	termed	the	masticatory	mucosa	2.	The	dorsum	of	the	tongue,	covered	by	specialized	mucosa	3.	The	oral	mucous	membrane	lining	the	remainder	of	the	oral	cavity	Gingiva	The	gingiva	is	the	part	of	the	oral	mucosa	that	covers	the	alveolar	processes	of	the	jaws	and	surrounds
the	necks	of	the	teeth.	Clinical	Features	In	an	adult,	normal	gingiva	covers	the	alveolar	bone	and	tooth	root	to	a	level	JUSt	coronal	to	the	cementoenamel	junction.	The	gingiva	is	divided	anatomically	into	marginal,	attached,	and	interdental	areas.	Although	each	type	of	gingiva	exhibits	considerable	variation	in	differentiation,	histology,	and	thickness
according	to	its	functional	demands,	all	types	are	specifically	structured	to	function	appropriately	against	mechanical	and	microbial	damage.	In	other	words,	the	specific	structure	of	different	types	of	gingiva	reflects	each	one's	effectiveness	as	a	barrier	to	the	penetration	by	microbes	and	noxious	agents	into	the	deeper	tissue.	Marginal	Gingiva	The
marginal	or	unattached	gingiva	is	the	terminal	edge	or	border	of	the	gingiva	that	surrounds	the	teeth	in	collarlike	fashion	(Figs.	1.1	and	1.2).	In	about	50%	of	cases,	it	is	demarcated	from	the	adjacent	attached	gingiva	by	a	shallow	linear	depression	called	the	free	gingival	groove.	The	marginal	gingiva	is	usually	about	1	mm	wide,	and	it	forms	the	soft-
tissue	wall	of	the	gingival	sulcus.	It	may	be	separated	from	the	tooth	surface	with	a	periodontal	probe.	The	most	apical	point	of	the	marginal	3	4	PART	1	Biologic	Basis	of	Periodontology	the	probe	depends	on	several	factors,	such	as	probe	diameter,	probing	force,	and	the	level	of	inflammation.	Consequently,	the	probing	depth	is	not	necessarily	exactly
equal	to	the	histologic	depth	of	the	sulcus.	The	so-called	probing	depth	of	a	clinically	normal	gingival	sulcus	in	humans	is	2-3	mm.	FIGURE	1.1	Normal	gingiva	in	a	young	adult.	Note	the	demarcation	(mucogingival	line)	(arrows)	between	the	attached	gingiva	and	the	darker	alveolar	mucosa.	Attached	gingiva	FIGURE	1.2	Diagram	showing	the	anatomic
landmarks	of	the	gingiva.	gingival	scallop	is	called	the	gingival	zenith.	Its	apicocoronal	and	mesiodistal	dimensions	vary	between	0.06	and	0.96	mm.	Gingival	Sulcus	The	gingival	sulcus	is	the	shallow	crevice	or	space	around	the	tooth	bounded	by	the	surface	of	the	tooth	on	one	side	and	the	epithelium	lining	the	free	margin	of	the	gingiva	on	the	other
side.	It	is	V-shaped,	and	it	barely	permits	the	entrance	of	a	periodontal	probe.	The	clinical	determination	of	the	depth	of	the	gingival	sulcus	is	an	important	diagnostic	parameter.	Under	absolutely	normal	or	ideal	conditions,	the	depth	of	the	gingival	sulcus	is	O	mm	or	close	to	O	mm.	These	strict	conditions	of	normalcy	can	be	produced	experimentally
only	in	germ-free	animals	or	after	intense	and	prolonged	plaque	control.	In	clinically	healthy	human	gingiva,	a	sulcus	of	some	depth	can	be	found.	The	depth	of	this	sulcus,	as	determined	in	histologic	sections,	has	been	reported	as	1.8	mm,	with	variations	from	O	to	6	mm;	other	studies	have	reported	1.5	mm	and	0.69	mm.	The	clinical	evaluation	used
to	determine	the	depth	of	the	sulcus	involves	the	introduction	of	a	metallic	instrument	(ie,	the	periodontal	probe)	and	the	estimation	of	the	distance	it	penetrates	(ie,	the	probing	depth).	The	histologic	depth	(biologic	depth)	of	a	sulcus	does	not	need	to	be	exactly	equal	to	the	depth	of	penetration	of	the	probe.	The	penetration	of	Attached	Gingiva	The
attached	gingiva	is	continuous	with	the	marginal	gingiva.	It	is	firm,	resilient,	and	tightly	bound	to	the	underlying	periosteum	of	alveolar	bone.	The	facial	aspect	of	the	attached	gingiva	extends	to	the	relatively	loose	and	movable	alveolar	mucosa;	it	is	demarcated	by	the	mucogingival	junction	(Fig.	1.2).	The	width	of	the	attached	gingiva	is	another
important	clinical	parameter.	It	is	the	distance	between	the	mucogingival	junction	and	the	projection	on	the	external	surface	of	the	bottom	of	the	gingival	sulcus	or	the	periodontal	pocket.	It	should	not	be	confused	with	the	width	of	the	keratinized	gingiva	although	this	also	includes	the	marginal	gingiva	(Fig.	1.2)	The	width	of	the	attached	gingiva	on
the	facial	aspect	differs	in	different	areas	of	the	mouth.	It	is	generally	greatest	in	the	incisor	region	(ie,	3.5-4.5	mm	in	the	maxilla,	3.3-3.9	mm	in	the	mandible)	and	narrower	in	the	posterior	segments	(ie,	1.9	mm	in	the	maxillary	first	premolars	and	1.8	mm	in	the	mandibular	first	premolars)	(Fig.	1.3)	Because	the	mucogingival	junction	remains
stationary	throughout	adult	life,	changes	in	the	width	of	the	attached	gingiva	are	caused	by	modifications	in	the	position	of	its	coronal	portion.	The	width	of	the	attached	gingiva	increases	by	the	age	of	4	years	and	in	supraerupted	teeth.	On	the	lingual	aspect	of	the	mandible,	the	attached	gingiva	terminates	at	the	Junction	of	the	lingual	alveolar
mucosa,	which	is	continuous	with	the	mucous	membrane	that	lines	the	floor	of	the	mouth.	The	palatal	surface	of	the	attached	gingiva	in	the	maxilla	blends	imperceptibly	with	the	equally	firm	and	resilient	palatal	mucosa.	lnterdental	Gingiva	The	interdental	gingiva	occupies	the	gingival	embrasure,	which	is	the	interproximal	space	beneath	the	area	of
tooth	contact.	The	interdental	gingiva	can	be	pyramidal,	or	it	can	have	a	"col"	shape.	In	the	former,	the	tip	of	one	papilla	is	located	immediately	beneath	the	contact	point;	the	latter	presents	a	valleylike	depression	that	connects	a	facial	and	lingual	papilla	and	that	conforms	to	the	shape	of	the	interproximal	contact	(Figs.	1.4	and	1.5)	The	shape	of	the
gingiva	in	a	given	interdental	space	depends	on	the	presence	or	absence	FIGURE	1.3	Mean	width	of	the	attached	gingiva	in	the	human	permanent	dentition.	1	Gingiva	FIGURE	1.4	Site	of	extraction	showing	the	facial	and	palatal	interdental	papillae	and	the	intervening	col	(arrow).	5	FIGURE	1.7	lnterdental	papillae	(arrow)	with	a	central	portion
formed	by	the	attached	gingiva.	The	shape	of	the	papillae	varies	according	to	the	dimension	of	the	gingival	embrasure.	(Courtesy	Dr	Osvaldo	Costa.)	FIGURE	1.8	An	absence	of	interdental	papillae	and	col	where	the	proximal	tooth	contact	is	missing.	(Courtesy	Dr	Osvaldo	Costa.)	FIGURE	1.5	Faciolingual	section	of	a	monkey	showing	the	col	between
the	facial	and	lingual	interdental	papillae.	The	col	is	covered	with	nonkeratinized	stratified	squamous	epithelium.	of	a	contact	point	between	the	adjacent	teeth,	the	distance	between	the	contact	point	and	the	osseous	crest,	and	the	presence	or	absence	of	some	degree	of	recession.	Fig.	1.6	depicts	the	variations	in	normal	interdental	gingiva.	The	facial
and	lingual	surfaces	are	tapered	toward	the	interproximal	contact	area,	whereas	the	mesial	and	distal	surfaces	are	slightly	concave.	The	lateral	borders	and	tips	of	the	interdental	papillae	are	formed	by	the	marginal	gingiva	of	the	adjoining	teeth.	The	intervening	portion	consists	of	attached	gingiva	(Fig.	1.	7).	If	a	diastema	is	present,	the	gingiva	is
firmly	bound	over	the	interdental	bone	to	form	a	smooth,	rounded	surface	without	interdental	papillae	(Fig.	1.8).	Microscopic	Features	Microscopic	examination	reveals	that	gingiva	is	composed	of	the	overlying	stratified	squamous	epithelium	and	the	underlying	central	core	of	connective	tissue.	Although	the	epithelium	is	predominantly	cellular	in
nature,	the	connective	tissue	is	less	cellular	and	composed	primarily	of	collagen	fibers	and	ground	substance.	These	two	tissues	are	considered	separately.	(A)	(B)	(C)	(D)	FIGURE	1.6	A	diagram	that	compares	anatomic	variations	of	the	interdental	col	in	the	normal	gingiva	(left	side)	and	after	gingival	recession	(right	side).	A	and	B,	Mandibular
anterior	segment,	facial	and	buccolingual	views,	respectively.	C	and	D,	Mandibular	posterior	region,	facial	and	buccolingual	views,	respectively.	Tooth	contact	points	are	shown	with	black	marks	in	the	lower	individual	teeth.	6	PART	1	Biologic	Basis	of	Periodontology	Gingival	Epithelium	General	Aspects	of	Gingival	Epithelium	Biology.	Historically,	the
epithelial	compartment	was	thought	to	provide	only	a	physical	barrier	to	infection	and	the	underlying	gingival	attachment.	However,	we	now	believe	that	epithelial	cells	play	an	active	role	in	innate	host	defense	by	responding	to	bacteria	in	an	interactive	manner,	which	means	that	the	epithelium	participates	actively	in	responding	to	infection,	in
signaling	further	host	reactions,	and	in	integrating	innate	and	acquired	immune	responses.	For	example,	epithelial	cells	may	respond	to	bacteria	by	increased	proliferation,	the	alteration	of	cell-signaling	events,	changes	in	differentiation	and	cell	death,	and,	ultimately,	the	alteration	of	tissue	homeostasis.	To	understand	this	new	perspective	of	the
epithelial	innate	defense	responses	and	the	role	of	epithelium	in	gingival	health	and	disease,	it	is	important	to	understand	its	basic	structure	and	function	(Box	1.	1)	The	gingival	epithelium	consists	of	a	continuous	lining	of	stratified	squamous	epithelium.	There	are	three	different	areas	that	can	be	defined	from	the	morphologic	and	functional	points	of
view:	the	oral	or	outer	epithelium,	the	sulcular	epithelium,	and	the	junctional	epithelium.	The	principal	cell	type	of	the	gingival	epithelium-as	well	as	of	other	stratified	squamous	epithelia-is	the	keratinocyte.	Other	cells	found	in	the	epithelium	are	the	clear	cells	or	nonkeratinocytes,	which	include	the	Langerhans	cells,	the	Merkel	cells,	and	the



melanocytes.	The	keratinocyte	receives	its	name	because	it	can	synthesize	keratin.	It	constitutes	about	more	than	90%	of	the	cell	population.	The	main	function	of	the	gingival	epithelium	is	to	protect	the	deep	structures	while	allowing	for	a	selective	interchange	with	the	oral	environment.	This	is	achieved	via	the	proliferation	and	differentiation	of	the
keratinocytes.	The	proliferation	of	keratinocytes	takes	place	by	mitosis	in	the	basal	layer	and	less	frequently	in	the	suprabasal	layers,	in	which	a	small	proportion	of	cells	remain	as	a	proliferative	compartment	while	a	larger	number	begin	to	migrate	to	the	surface.	Differentiation	involves	the	process	of	keratinization,	which	consists	of	progressions	of
biochemical	and	morphologic	events	that	occur	in	the	cell	as	they	migrate	from	the	basal	layer	(Fig.	1.9)	The	main	morphologic	changes	include	the	following:	(1)	the	progressive	flattening	of	the	cell	with	an	increasing	prevalence	of	tonofilaments;	(2)	the	couple	of	intercellular	junctions	with	the	production	of	keratohyalin	granules;	and	(3)	the
disappearance	of	the	nucleus.	Three	types	of	surface	keratinization	can	occur	in	the	gingival	epithelium.	1.	Keratinization.	A	complete	keratinization	process	leads	to	the	production	of	an	orthokeratinized	superficial	horny	layer	similar	to	that	of	the	skin,	with	no	nuclei	in	the	stratum	corneum	and	a	well-defined	stratum	granulosum	(Fig.	1.	10).	Only
some	areas	of	the	outer	gingival	epithelium	are	orthokeratinized.	2.	Parakeratinization.	It	is	considered	to	be	an	intermediate	stage	of	keratinization	and	is	the	most	prevalent	surface	area	of	the	gingival	epithelium.	These	areas	can	progress	to	maturity	or	dedifferentiate	under	different	physiologic	or	pathologic	conditions.	In	parakeratinized	epithelia,
the	stratum	corneum	retains	pyknotic	nuclei,	and	the	keratohyalin	granules	are	dispersed	rather	than	giving	rise	to	a	stratum	granulosum.	3.	Nonkeratinization.	The	nonkeratinized	epithelium	(although	cytokeratins	are	the	maJor	component	as	in	all	epithelia)	has	neither	granulosum	nor	corneum	strata,	whereas	superficial	cells	have	viable	nuclei.
Immunohistochemistry,	gel	electrophoresis,	and	immunoblot	techniques	have	made	the	identification	of	the	characteristic	pattern	of	cytokeratins	possible	in	each	epithelial	type.	The	keratin	proteins	are	composed	of	different	polypeptide	subunits	characterized	by	their	isoelectric	points	and	molecular	weights.	They	are	numbered	in	a	sequence	that	is
contrary	to	their	molecular	weight.	In	general,	basal	cells	begin	synthesizing	lower-molecular-weight	keratins	[eg,	Kl9	(	40	kD)],	and	they	express	other	higher-molecular-weight	keratins	as	they	migrate	to	the	surface.	Kl	keratin	polypeptide	(68	kD)	is	the	main	component	of	the	stratum	corneum.	Other	proteins	unrelated	to	keratins	are	synthesized
during	the	maturation	process.	The	most	extensively	studied	are	keratolinin	and	involucrin,	which	are	precursors	of	a	chemically	resistant	structure	(the	envelope)	located	below	the	cell	membrane,	and	filaggrin,	which	has	precursors	that	are	packed	into	the	keratohyalin	granules.	At	the	sudden	transition	to	the	horny	layer,	the	keratohyalin	granules
disappear	and	give	rise	FUNCTIONS	CONSTANT	RENEWAL	Mechanical,	chemical,	water,	and	microbial	barrier	Signaling	functions	Replacement	of	damaged	cells	ARCHITECTURAL	INTEGRITY	CELL-CELL	ATTACHMENTS	Cell-cell	attachments	Basal	lamina	Keratin	cytoskeleton	Desmosomes	Adherens	junctions	Tight	junctions	Gap	junctions	MAJOR
CELL	TYPE	CELL-BASAL	LAMINA	Keratinocyte	Synthesis	of	basal	lamina	components	Hemidesmosome	OTHER	CELL	TYPES	Langerhans	eel	Is	Melanocytes	Merkel	cells	Modified	from	Dale	BA:	Periodontal	2000	30:71,	2002.	1	Gingiva	7	Stratum	corneum	Stratum	granulosum	Lamellated	granules	Stratum	spinosum	Stratum	basale	Granular
endoplasmic	reticulum	Basement	membrane	FIGURE	1.9	Diagram	showing	representative	cells	from	the	various	layers	of	stratified	squamous	epithelium	as	seen	by	electron	microscopy.	(Modified	from	Weinstock	A:	In	Ham	AW,	editor:	Histology,	ed	7,	Philadelphia,	1974,	Lippincott.)	FIGURE	1.10	A,	Scanning	electron	micrograph	of	keratinized
gingiva	showing	the	flattened	keratinocytes	and	their	boundaries	on	the	surface	of	the	gingiva	(X	1000).	B,	Scanning	electron	micrograph	of	the	gingival	margin	at	the	edge	of	the	gingival	sulcus	showing	several	keratinocytes	about	to	be	exfoliated	(X3000).	(From	Kaplan	CB,	Pameijer	CH,	Ruben	MP:	J	Periodontal	48:446,	1977.)	to	filaggrin,	which
forms	the	matrix	of	the	most	differentiated	epithelial	cell,	the	corneocyte.	Thus	in	the	fully	differentiated	state,	the	corneocytes	are	mainly	formed	by	bundles	of	keratin	tonofilaments	embedded	in	an	amorphous	matrix	of	filaggrin	and	surrounded	by	a	resistant	envelope	under	the	cell	membrane.	The	immunohistochemical	patterns	of	the	different
keratin	types,	envelope	proteins,	and	filaggrin	change	under	normal	or	pathologic	stimuli,	thereby	modifying	the	keratinization	process.	Electron	microscopy	reveals	that	keratinocytes	are	interconnected	by	structures	on	the	cell	periphery	called	desmosomes.	These	desmosomes	have	a	typical	structure	that	consists	of	two	dense	attachment	plaques
into	which	tonofibrils	insert	and	an	intermediate,	electron-dense	line	in	the	extracellular	compartment.	Tonofilaments,	which	are	the	morphologic	expression	of	the	cytoskeleton	of	keratin	proteins,	radiate	in	brushlike	fashion	from	the	attachment	plaques	into	the	cytoplasm	of	the	cells.	The	space	between	the	cells	shows	cytoplasmic	projections	that
resemble	microvilli	and	that	extend	into	the	intercellular	space	and	often	interdigitate.	Less	frequently	observed	forms	of	epithelial	cell	connections	are	tight	junctions	(zonae	occludens),	in	which	the	8	PART	1	Biologic	Basis	of	Periodontology	membranes	of	the	adjoining	cells	are	thought	to	be	fused.	Evidence	suggests	that	these	structures	allow	ions
and	small	molecules	to	pass	from	one	cell	to	another.	Cytoplasmic	organelle	concentration	varies	among	different	epithelial	strata.	Mitochondria	are	more	numerous	in	deeper	strata	and	decrease	toward	the	surface	of	the	cell.	Accordingly,	the	histochemical	demonstration	of	succinic	dehydrogenase,	nicotinamide	adenine	dinucleotide,	cytochrome
oxidase,	and	other	mitochondrial	enzymes	reveals	a	more	active	tricarboxylic	cycle	in	basal	and	parabasal	cells,	in	which	the	proximity	of	the	blood	supply	facilitates	energy	production	through	aerobic	glycolysis.	Conversely,	enzymes	of	the	pentose	shunt	(an	alternative	pathway	of	glycolysis),	such	as	glucose-6-phosphatase,	increase	their	activity
toward	the	surface.	This	pathway	produces	a	larger	amount	of	intermediate	products	for	the	production	of	ribonucleic	acid	(RNA),	which	in	turn	can	be	used	for	the	synthesis	of	keratinization	proteins.	This	histochemical	pattern	is	in	accordance	with	the	increased	volume	and	the	amount	of	tonofilaments	observed	in	cells	reaching	the	surface;	the
intensity	of	the	activity	is	proportional	to	the	degree	of	differentiation.	The	uppermost	cells	of	the	stratum	spinosum	contain	numerous	dense	granules	called	heratinosomes	or	Odland	bodies,	which	are	modified	lysosomes.	They	contain	a	large	amount	of	acid	phosphatase,	an	enzyme	involved	in	the	destruction	of	organelle	membranes,	which	occurs
suddenly	between	the	granulosum	and	corneum	strata	and	during	the	intercellular	cementation	of	cornified	cells.	Thus	acid	phosphatase	is	another	enzyme	that	is	closely	related	to	the	degree	of	keratinization.	N	onkeratinocyte	cells	are	present	in	gingival	epithelium	as	in	other	malpighian	epithelia.	Melanocytes	are	dendritic	cells	located	in	the	basal
and	spinous	layers	of	the	gingival	epithelium.	They	synthesize	melanin	in	organelles	called	premelanosomes	or	melanosomes	(Fig.	1.11).	These	contain	tyrosinase,	which	hydroxylates	tyrosine	to	dihydroxyphenylalanine	(dopa),	which	in	turn	is	progressively	converted	to	melanin.	Melanin	granules	are	phagocytosed	and	contained	within	other	cells	of
the	epithelium	and	connective	tissue	called	melanophages	or	melanophores.	Langerhans	cells	are	dendritic	cells	located	among	keratinocytes	at	all	suprabasal	levels	(Fig.	1.12).	They	belong	to	the	mononuclear	phagocyte	system	(reticuloendothelial	system)	FIGURE	1.12	Human	gingival	epithelium,	oral	aspect.	lmmunoperoxidase	technique	showing
Langerhans	cells.	as	modified	monocytes	derived	from	the	bone	marrow.	They	contain	elongated	granules,	and	they	are	considered	macrophages	with	possible	antigenic	properties.	Langerhans	cells	have	an	important	role	in	the	immune	reaction	as	antigenpresenting	cells	for	lymphocytes.	They	contain	g-specific	granules	(Birbeck	granules),	and	they
have	marked	adenosine	triphosphatase	activity	They	are	found	in	the	oral	epithelium	of	normal	gingiva	and	in	smaller	amounts	in	the	sulcular	epithelium;	they	are	probably	absent	from	the	junctional	epithelium	of	normal	gingiva.	Merkel	cells	are	located	in	the	deeper	layers	of	the	epithelium;	they	harbor	nerve	endings,	and	they	are	connected	to
adjacent	cells	by	desmosomes.	They	have	been	identified	as	tactile	perceptors.	The	epithelium	is	joined	to	the	underlying	connective	tissue	by	a	basal	lamina	300-400	A	thick	and	lying	approximately	400	A	beneath	the	epithelial	basal	layer.	The	basal	lamina	consists	of	lamina	lucida	and	lamina	densa.	Hemidesmosomes	of	the	basal	epithelial	cells	abut
the	lamina	lucida,	which	is	mainly	composed	of	the	glycoprotein	laminin.	The	lamina	densa	is	composed	of	type	IV	collagen.	The	basal	lamina,	which	is	clearly	distinguishable	at	the	ultrastructural	level,	is	connected	to	a	reticular	condensation	of	the	underlying	connective	tissue	fibrils	(mainly	collagen	type	IV)	by	the	anchoring	fibrils.	Anchoring	fibrils
have	been	measured	at	750	nm	in	length	from	their	epithelial	end	to	their	connective	tissue	end,	where	they	appear	to	form	loops	around	collagen	fibers.	The	complex	of	basal	lamina	and	fibrils	is	the	periodic	acid-Schiff-positive	and	argyrophilic	line	observed	at	the	optical	level	(Fig.	1.13).	The	basal	lamina	is	permeable	to	fluids,	but	it	acts	as	a
barrier	to	particulate	matter.	Structural	and	Metabolic	Characteristics	of	Different	Areas	of	Gingival	Epithelium.	The	epithelial	component	of	the	gin-	FIGURE	1.11	Pigmented	gingiva	of	dog	showing	melanocytes	(M)	in	the	basal	epithelial	layer	and	melanophores	(C)	in	the	connective	tissue	(Glucksman	technique).	giva	shows	regional	morphologic
variations	that	reflect	tissue	adaptation	to	the	tooth	and	alveolar	bone.	These	variations	include	the	oral	epithelium,	the	sulcular	epithelium,	and	the	junctional	epithelium.	Whereas	the	oral	epithelium	and	the	sulcular	epithelium	are	largely	protective	in	function,	the	junctional	epithelium	serves	many	more	roles	and	is	of	considerable	importance	in
the	regulation	of	tissue	health.	It	is	now	recognized	that	epithelial	cells	are	not	"passive	bystanders"	1	Gingiva	9	KS	and	Kl	4,	which	are	stratification-specific	cytokeratins,	are	also	present.	Parakeratinized	areas	express	Kl	9,	which	is	usually	absent	from	orthokeratinized	normal	epithelia.	In	keeping	with	the	complete	or	almost-complete	maturation,
histoenzyme	reactions	for	acid	phosphatase	and	pentoseshunt	enzymes	are	very	strong.	Glycogen	can	accumulate	intracellularly	when	it	is	not	completely	degraded	by	any	of	the	glycolytic	pathways.	Thus	its	concentration	in	normal	gingiva	is	inversely	related	to	the	degree	of	keratinization	and	inflammation.	FIGURE	1.13	Normal	human	gingiva
stained	with	the	periodic	acidSchiff	histochemical	method.	The	basement	membrane	(8)	is	seen	between	the	epithelium	(EJ	and	the	underlying	connective	tissue	(CJ.	In	the	epithelium,	glycoprotein	material	occurs	in	cells	and	cell	membranes	of	the	superficial	hornified	(HJ	and	underlying	granular	layers	(G).	The	connective	tissue	presents	a	diffuse,
amorphous	ground	substance	and	collagen	fibers.	The	blood	vessel	walls	stand	out	clearly	in	the	papillary	projections	of	the	connective	tissue	(P).	Oral	(Outer)	Epithelium.	The	oral	or	outer	epithelium	covers	the	crest	and	outer	surface	of	the	marginal	gingiva	and	the	surface	of	the	attached	gingiva.	On	average,	the	oral	epithelium	is	0.2-0.3	mm	in
thickness.	It	is	keratinized	or	parakeratinized,	or	it	may	present	various	combinations	of	these	conditions	(Fig.	1.14).	The	prevalent	surface,	however,	is	parakeratinized.	The	oral	epithelium	is	composed	of	four	layers:	stratum	basale	(basal	layer),	stratum	spinosum	(prickle	cell	layer),	stratum	granulosum	(granular	layer),	and	stratum	corneum
(cornified	layer).	in	the	gingival	tissues;	rather,	they	are	metabolically	active	and	capable	of	reacting	to	external	stimuli	by	synthesizing	a	number	of	cytokines,	adhesion	molecules,	growth	factors,	and	enzymes.	The	degree	of	gingival	keratinization	diminishes	with	age	and	the	onset	of	menopause,	but	it	is	not	necessarily	related	to	the	different	phases
of	the	menstrual	cycle.	Keratinization	of	the	oral	mucosa	varies	in	different	areas	in	the	following	order:	palate	(most	keratinized),	gingiva,	ventral	aspect	of	the	tongue,	and	cheek	(least	keratinized).	Keratins	Kl,	K2,	and	KlO	through	Kl2,	which	are	specific	to	epidermal-type	differentiation,	are	immunohistochemically	expressed	with	high	intensity	in
orthokeratinized	areas	and	with	less	intensity	in	parakeratinized	areas.	K6	and	Kl	6,	which	are	characteristic	of	highly	proliferative	epithelia,	and	Sulcular	Epithelium.	The	sulcular	epithelium	lines	the	gingival	sulcus	(Fig.	1.	15).	It	is	a	thin,	nonkeratinized	stratified	squamous	epithelium	without	rete	pegs,	and	it	extends	from	the	coronal	limit	of	the
junctional	epithelium	to	the	crest	of	the	gingival	margin	(Fig.	1.16)	It	usually	shows	many	cells	with	hydropic	degeneration.	As	with	other	nonkeratinized	epithelia,	the	sulcular	epithelium	lacks	granulosum	and	corneum	strata	and	Kl,	K2,	and	KlO	through	Kl2	cytokeratins,	but	it	contains	K4	and	Kl3,	the	so-called	"esophageal-type	cytokeratins."	It	also
expresses	Kl	9,	and	it	normally	does	not	contain	Merkel	cells.	Histochemical	studies	of	enzymes	have	consistently	revealed	a	lower	degree	of	activity	in	the	sulcular	than	in	the	outer	epithelium,	particularly	in	the	case	of	enzymes	related	to	keratinization.	Glucose-6-phosphate	dehydrogenase	expresses	a	faint	and	homogeneous	reaction	in	all	strata,	1	-
~	I	U.,:!.	::,.a,--:.-...,!l	.	t	,\	0~	FIGURE	5.36	A,	Mucogingival	defect	depicted	by	recession.	B,	Defects	extend	into	the	alveolar	mucosa	which	lack	keratinized	gingiva.	70	PART	1	Biologic	Basis	of	Periodontology	FIGURE	5.37	A,	Mucogingival	ridge	defect	from	the	floor	of	the	mouth	to	the	vestibular	fornix.	B,	A	partial-thickness	flap	with	vestibular
deepening.	C,	The	placement	of	free	gingival	graft.	D,	The	reestablishment	of	vestibular	depth	and	keratinized	attached	gingiva.	FIGURE	5.38	A,	Clinical	image	of	an	edentulous	ridge	defect.	B,	Pretreatment	computed	tomography	image	of	the	defect.	C,	Ridge	that	was	reconstructed	with	the	use	of	a	ramus	block	graft.	D,	Computed	tomography	scan
of	the	grafted	site.	5	Classification	of	Diseases	and	Conditions	Affecting	the	Periodontium	71	FIGURE	5.39	A,	Clinical	image	of	the	ridge	6	months	after	grafting.	B,	Placement	of	implants	in	the	areas	of	teeth	#23	and	#25.	C,	Porcelain-fusedto-metal	crowns	for	the	maxillary	incisors	and	an	implant-supported	bridge	from	teeth	#23	through	#25.
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Periodontal	Disease	VW	Spolsky	•	DG	Naik	•	A	Uppoor	Chapter	Outline	Indices	Used	to	Study	Periodontal	Problems	Epidemiologic	surveys	conducted	throughout	the	world	point	to	the	almost	universal	distribution	of	caries	and	periodontal	disease.	Progress	in	the	study	of	the	epidemiology	of	periodontal	diseases	has	been	slower	than	that	in	the
study	of	dental	caries	because	of	several	important	factors	that	do	not	exist	in	the	study	of	dental	caries.	The	pathologic	changes	of	dental	caries	involve	hard,	calcified	tissues,	whereas	periodontal	disease	involves	soft	and	hard	tissues.	Unlike	dental	caries,	periodontal	disease	does	not	lend	itself	easily	to	objective	measurement,	because	the	signs	of
periodontal	pathologic	alteration	involve	color	changes	in	the	soft	tissues,	swelling,	bleeding,	and	bone	changes	that	are	reflected	in	crevice	depth	changes	or	pathologic	pockets,	as	well	as	loss	of	tooth	function	because	of	tooth	mobility.	Therefore,	examining	the	teeth	for	the	signs	of	dental	caries	is	far	easier	than	evaluating	the	pathologic	variables
used	to	define	periodontal	diseases.	Dental	epidemiology	is	the	study	of	the	pattern	(distribution)	and	dynamics	of	dental	diseases	in	a	human	population.	"Pattern"	implies	that	certain	people	are	affected	by	a	disease	and	that	the	association	between	the	disease	and	the	affected	population	can	be	described	by	variables	such	as	age,	sex,	racial	or
ethnic	group,	occupation,	social	characteristics,	place	of	residence,	susceptibility,	and	exposure	to	specific	agents.	The	term	dynamics	refers	to	a	temporal	pattern	(distribution)	and	is	concerned	with	trends,	cyclic	patterns,	and	the	time	that	elapses	between	the	exposure	in	citing	factors	and	the	onset	of	the	specific	disease.	Russell	defined	dental
epidemiology	as	"not	so	much	the	study	of	disease	as	a	process	as	it	is	a	study	of	the	condition	of	the	people	in	whom	the	disease	occurs."	The	purpose	or	objective	of	epidemiology	is	to	increase	the	understanding	of	the	disease	process	(ie,	to	identify	the	risk	factors	or	determinants	of	disease),	thereby	leading	to	the	development	of	methods	of	control
and	prevention.	In	addition,	epidemiology	attempts	to	discover	populations	at	high	and	low	risk,	to	define	the	specific	problem	under	investigation,	and	to	determine	trends	in	disease	patterns.	The	design,	conduct,	and	interpretation	of	clinical	trials	of	preventive	and	curative	measures	are	also	within	its	purview.	Ainamo	has	astutely	described	the
significance	of	epidemiologic	research	to	the	understanding	of	periodontal	disease.	Epi-	demiologic	research	has	clarified	the	prevalence	of	periodontal	disease,	provided	new	insights	on	its	pathogenesis	through	controlled	clinical	trials,	and	focused	attention	on	assessing	treatment	needs	for	improving	the	periodontal	health	of	the	public.	One	of	the
most	valuable	techniques	employed	in	dental	epidemiology	is	the	epidemiologic	index.	Epidemiologic	indices	are	attempts	to	quantitate	clinical	conditions	on	a	graduated	scale,	thereby	facilitating	comparison	among	populations	examined	by	the	same	criteria	and	methods.	Unlike	the	absolute	or	definitive	diagnosis	that	can	be	made	of	disease	in	a
solitary	patient,	an	epidemiologic	index	(which	is	a	numerical	value)	estimates	only	the	relative	prevalence	or	occurrence	of	the	clinical	condition.	Prevalence	is	the	proportion	of	persons	affected	by	a	disease	at	a	specific	point	in	time,	as	determined	by	a	cross-sectional	survey.	Incidence	is	defined	as	the	rate	of	occurrence	of	a	new	disease	in	a
population	during	a	given	interval	of	time.	In	general,	indices	are	actually	underestimates	of	the	true	clinical	condition.	A	good	epidemiologic	index	must	be	easy	to	use,	permit	the	examination	of	many	people	in	a	short	period	of	time,	define	clinical	conditions	objectively,	be	highly	reproducible	in	assessing	a	clinical	condition	when	used	by	one	or
more	examiners,	be	amenable	to	statistical	analysis,	and	be	strongly	related	numerically	to	the	clinical	stages	of	the	specific	disease	under	investigation.	Calibration	or	standardization	in	reference	to	the	use	of	an	index's	criteria	by	an	examiner	or	examiners	is	imperative	to	ensure	the	reliability	of	the	data.	In	general,	there	are	two	types	of	dental
indices.	The	first	type	of	index	measures	the	number	or	proportion	of	people	in	a	population	with	or	without	a	specific	condition	at	a	specific	point	in	time	or	interval	of	time.	The	second	type	of	dental	index	measures	the	number	of	people	affected	and	the	severity	of	the	specific	condition	at	a	specific	time	or	interval	of	time.	More	explicitly,	the	second
type	of	index	not	only	helps	to	identify	the	person	in	the	population	affected	with	a	specific	condition	but	also	assesses	the	condition	under	study	on	a	graduated	scale.	Most	of	the	indices	described	in	this	chapter	are	of	the	second	type.	73	74	PART	1	Biologic	Basis	of	Periodontology	Indices	Used	to	Study	Periodontal	Problems	Although	there	are
many	indices	for	recording	and	quantitating	the	entities	that	make	up	periodontal	disease,	space	limitations	only	permit	the	inclusion	of	indices	that	have	historically	contributed	to	the	understanding	of	periodontal	diseases	or	are	currently	in	frequent	use.	A	scholarly	overview	of	epidemiologic	research	in	periodontal	disease	is	provided	by	Ainamo.
The	indices	that	are	discussed	in	this	chapter	can,	for	the	purpose	of	convenience	and	reason,	be	divided	according	to	the	following	measured	variables:	1.	2.	3.	4.	The	degree	of	inflammation	of	gingival	tissues	The	degree	of	periodontal	destruction	The	amount	of	plaque	accumulated	The	amount	of	calculus	present	In	addition,	indices	developed	to
assess	treatment	needs	will	be	discussed.	Indices	Used	to	Assess	Gingival	Inflammation	Papillary-Marginal-Attachment	Index	Originally,	the	Papillary-Marginal-Attachment	(PMA)	Index	was	used	to	count	the	number	of	gingival	units	affected	with	gingivitis.	This	approach	was	predicated	on	the	belief	that	the	number	of	units	affected	correlated	with
the	degree	or	severity	of	gingival	inflammation.	The	facial	surface	of	the	gingiva	around	a	tooth	was	divided	into	three	gingival	scoring	units:	the	mesial	dental	papilla	(P),	the	gingival	margin	(M),	and	the	attached	gingiva	(A).	The	presence	or	absence	of	inflammation	on	each	gingival	unit	was	recorded	as	1	or	0,	respectively	The	P,	M,	and	A	numerical
values	for	all	teeth	were	totaled	separately	and	then	added	together	to	express	the	PMA	Index	score	per	person.	Although	all	of	the	facial	tissues	surrounding	all	of	the	teeth	could	be	assessed	in	this	manner,	usually	only	the	maxillary	and	mandibular	incisors,	the	canines,	and	the	premolars	are	examined.	The	developers	of	this	index	eventually	added
a	severity	component	for	assessing	gingivitis;	the	papillary	units	(P)	were	scored	on	a	scale	of	0-5	and	the	marginal	(M)	and	attached	(A)	gingivae	were	scored	on	a	scale	of	0-3.	The	value	of	this	index	lies	in	its	broad	application	to	epidemiologic	surveys	and	clinical	trials	and	in	its	capacity	for	use	in	individual	patients.	The	criteria	for	and	approach	to
assessing	gingival	inflammation	developed	by	Schour	and	Massler	served	as	the	basis	for	many	other	indices.	Examples	of	indices	that	are	based	on	modifications	of	the	PMA	Index	are	those	developed	by	Muhlernann	and	Mazor,	Lobene,	and	Suomi	and	Barbano.	Periodontal	Index	The	Periodontal	Index	(PI)	was	intended	to	estimate	the	extent	of
deeper	periodontal	disease	that	the	PMA	Index	could	measure	by	determining	the	presence	or	absence	of	gingival	inflammation	and	its	severity,	pocket	formation,	and	masticatory	function.	The	criteria	given	in	Table	6.1	are	used	to	assess	TABLE	6.1	THE	PERIODONTAL	INDEX	Score	Criteria	and	Scoring	for	Field	Studies	Additional	Criteria	Followed
in	the	Clinical	Test	0	Negative.	There	is	neither	overt	inflammation	in	the	investing	tissues	nor	loss	of	function	owing	to	destruction	of	supporting	tissues.	Mid	Gingivitis	There	is	an	overt	area	of	inflammation	in	the	free	gingivae,	but	this	area	does	not	circumscribe	the	tooth.	Gingivitis	Inflammation	completely	circumscribes	the	tooth,	but	there	is	no
apparent	break	in	the	epithelial	attachment.	(Used	when	radiographs	are	available.)	Gingivitis	with	pocket	formation.	The	epithelial	attachment	has	been	broken,	and	there	is	a	pocket	(not	merely	a	deepened	gingival	crevice	as	a	result	of	swelling	in	free	gingivae).	There	is	no	interference	with	normal	masticatory	function;	the	tooth	is	firm	and	has	not
drifted.	Advanced	destruction	with	loss	of	masticatory	function.	The	tooth	may	be	loose,	may	have	drifted,	may	sound	dull	on	percussion	with	a	metallic	instrument,	or	may	be	depressible	in	its	socket.	Radiographic	appearance	is	essentially	normal.	2	4	6	8	Rule:	When	in	Doubt,	Assign	the	Lesser	Scores	Periodontal	index	score	per	person	=	Clinical
Condition	Clinically	normal	supportive	tissues	Simple	gingivitis	Beginning	destructive	periodontal	disease	Established	destructive	periodontal	disease	Terminal	disease	Group	Pl	Scores	0-0.2	There	is	early,	notch-like	resorption	of	the	alveolar	crest.	There	is	horizontal	bone	loss	involving	the	entire	alveolar	crest,	up	to	half	of	the	length	of	the	tooth
root.	There	is	advanced	bone	loss	involving	more	than	one-half	of	the	length	of	the	tooth	root	or	a	definite	infrabony	pocket	with	widening	of	the	periodontal	ligament.	There	may	be	root	resorption	or	rarefraction	at	the	apex.	Sum	of	individual	scores	Number	of	teeth	present	Stage	of	Disease	0.3-0.9	0.7-1.9	Reversible	1.6-5.0	Irreversible	3.8-8.0
(Modified	from	Russell	AL	The	periodontal	index.	J	Periodontal	38:585,	1967)	6	Epidem	iology	of	G	ingival	and	Periodontal	Disease	75	TABLE	6.2	CRITERIA	FOR	SEVERAL	COMPONENTS	OF	THE	PERIODONTAL	DISEASE	INDEX	Gingival	Status	(Gingivitis	Index)	0	1	2	3	=	Absence	of	signs	of	inflammation	=	Mid	to	moderate	inflammatory	gingival
changes,	not	extending	around	the	tooth	=	Mild	to	moderately	severe	gingivitis	extending	all	around	the	tooth	=	Severe	gingivitis	characterized	by	marked	redness,	swelling,	tendency	to	bleed,	and	ulceration	Cr-evicular	Measurements	A.	If	the	gingival	margin	is	on	the	enamel,	measure	from	the	gum	margin	to	the	cementoenamel	junction	and	record
the	measurement.	If	the	epithelial	attachment	is	on	the	crown	and	the	cementoenamel	junction	cannot	be	felt	by	the	probe,	record	the	depth	of	the	gingival	sulcus	on	the	crown.	Then	record	the	distance	from	the	gingival	margin	to	the	bottom	of	the	pocket	if	the	probe	can	be	moved	apically	to	the	cementoenamel	junction	without	resistance	or	pain.
The	distance	from	the	cementoenamel	junction	to	the	bottom	of	the	pocket	can	then	be	found	by	subtracting	the	first	from	the	second	measurement.	B.	If	the	gingival	margin	is	on	the	cementum,	record	the	distance	from	the	cementoenamel	junction	to	the	gingival	margin	as	a	minus	value.	Then	record	the	distance	from	the	cementoenamel	junction	to
the	bottom	of	the	gingival	sulcus	as	plus	value.	Both	loss	of	attachment	and	actual	sulcus	depth	can	easily	be	assessed	from	the	scores.	Periodontal	Disease	Index	(PDI)	Criteria	for	Surveys	If	the	gingival	sulcus	in	none	of	the	measured	areas	extended	apically	to	the	cementoenamel	junction,	the	recorded	score	for	gingivitis	is	the	PD!	score	for	the
tooth.	If	the	gingival	sulcus	in	any	of	the	two	measured	areas	extended	apically	to	the	cementoenamel	junction	but	not	more	than	3	mm	(including	3	mm	in	any	area),	the	tooth	is	assigned	a	PD!	score	of	4.	The	score	for	gingivitis	is	then	disregarded	in	the	PD!	score	for	that	tooth.	If	the	gingival	sulcus	in	either	of	the	two	recorded	areas	of	the	tooth
extends	apically	to	from	3	to	6	mm	(including	6	mm)	in	relation	to	the	cemntoenamel	junction,	the	tooth	is	assigned	a	PD!	score	of	5	(again,	the	gingivitis	score	is	disregarded).	Whenever	the	gingival	sulcus	extends	more	than	6	mm	apically	to	the	cementoenamel	junction	in	any	of	the	measured	areas	of	the	tooth,	the	score	of	6	is	assigned	as	the	PD!
score	for	that	tooth	(again	disregarding	the	gingivitis	score).	Shick-Ash	Modification	of	Plaque	Criteria	0	=	Absence	of	dental	plaque	1	=	Dental	plaque	in	the	interproximal	area	or	at	the	gingival	margin	covering	less	than	one-third	of	the	gingival	half	of	the	facial	or	lingual	surface	of	the	tooth	2	=	Dental	plaque	covering	more	than	one-third	but	less
than	two-thirds	of	the	gingival	half	of	the	facial	or	lingual	surface	of	the	tooth	3	=	Dental	plaque	covering	two-thirds	or	more	of	the	gingival	half	of	the	facial	or	gingival	surface	of	the	tooth	Calculus	Criteria	0	=	Absence	of	calculus	1	=	Supragingival	calculus	extending	only	slightly	below	the	free	gingival	margin	(not	more	than	1	mm)	2	=	Moderate
amount	of	supragingival	and	subgingival	calculus	or	subgingival	calculus	alone	3	=	An	abudance	of	supragingival	and	subgingival	calculus	all	of	the	gingival	tissues	circumscribing	each	tooth	(ie,	all	of	the	tissue	circumscribing	a	tooth	is	considered	a	scoring	or	gingival	unit).	Since	the	PI	measures	both	reversible	and	irreversible	aspects	of	periodontal
disease,	it	is	an	epidemiologic	index	with	a	true	biologic	gradient.	A	PI	score	for	an	individual	is	determined	by	adding	all	of	the	tooth	scores	and	dividing	by	the	number	of	teeth	examined.	Since	only	a	mouth	mirror	and	no	calibrated	probes	or	radiographs	are	used	when	performing	a	PI	examination,	the	results	tend	to	underestimate	the	true	level	of
periodontal	disease,	especially	early	bone	loss,	in	a	population.	The	number	of	periodontal	pockets	without	obvious	supragingival	calculus	is	also	underestimated	in	the	Pl.	Gingivitis	Component	of	the	Periodontal	Disease	Index	The	Periodontal	Disease	Index	(PDI)	is	similar	to	the	Pl	in	that	both	are	used	to	measure	the	presence	and	severity	of
periodontal	disease.	The	PDI	does	so	by	combining	the	assessments	of	gingivitis	and	gingival	sulcus	depth	on	six	selected	teeth	(teeth#	16,	21,	24,	36,	41	and	46)	This	group	of	teeth,	frequently	referred	to	as	the	Ramfjord	teeth,	have	been	tested	as	reliable	indicators	for	the	various	regions	of	the	mouth.	Calculus	and	plaque	are	also	examined	to	assist
in	formulating	a	comprehensive	assessment	of	periodontal	status	and	are	described	in	the	following	discussions.	The	criteria	used	to	assess	the	tissue	circumscribing	the	Ramfjord	teeth	combine	elements	of	the	PMA	Index	and	the	PI	and	appear	in	Table	6.2.	A	numerical	score	for	the	gingival	status	component	of	the	PDI	(ie,	the	Gingivitis	Index	score
per	person)	[see	Section	"Gingival	Index	(Loe	and	Silness)"]	is	obtained	by	adding	the	value	for	all	of	the	gingival	units	and	dividing	by	the	number	of	teeth	present.	The	PDI	has	been	used	in	epidemiologic	surveys,	longitudinal	studies	of	periodontal	disease,	and	clinical	trials	of	therapeutic	or	preventive	procedures.	Gingival	Index	(Loe	and	Silness)
The	Gingival	Index	(GI)	was	developed	solely	for	the	purpose	of	assessing	the	severity	of	gingivitis	and	its	location	in	four	possible	areas.	The	tissues	surrounding	each	tooth	are	divided	into	four	gingival	scoring	units:	the	distofacial	papilla,	the	facial	margin,	the	mesiofacial	papilla,	and	the	entire	lingual	gingival	margin.	To	minimize	examiner
variability	in	scoring,	the	lingual	surface	is	not	subdivided	because	it	will	most	likely	be	viewed	indirectly	with	a	mouth	mirror.	A	blunt	instrument,	such	as	a	periodontal	pocket	probe,	is	used	to	assess	the	bleeding	potential	of	the	tissues.	Each	of	the	four	gingival	units	is	assessed	according	to	the	criteria	shown	in	Table	6.3.	Totaling	the	scores	around
each	tooth	yields	the	GI	score	for	the	area.	If	the	scores	around	each	tooth	are	totaled	and	divided	by	four,	the	GI	score	for	the	tooth	is	obtained.	Totaling	all	of	the	scores	per	tooth	and	dividing	by	the	number	of	teeth	76	PART	1	Biologic	Basis	of	Periodontology	TABLE	6.3	CRITERIA	FOR	THE	GINGIVAL	INDEX,	THE	PLAQUE	INDEX,	AND	THE
MODIFIED	GINGIVAL	INDEX	Gingival	Index	(GI)	0	1	2	3	=	Normal	gingiva	=	Mild	inflammation.	slight	change	in	color,	slight	edema,	no	bleeding	on	palpation	=	Moderate	inflammation,	redness,	edema,	and	glazing;	bleeding	on	probing'	=	Severe	inflammation,	market	redness	and	edema,	ulcerations;	tendency	to	spontaneous	bleeding	Plaque	Index
(PI)	0	=	No	plaque	in	the	gingival	area	1	=	A	film	of	plaque	adhering	to	the	free	gingival	margin	and	adjacent	area	of	the	tooth.	The	plaque	may	be	recognized	only	by	running	a	probe	across	the	tooth	surface	2	=	Moderate	accumulation	of	soft	deposits	within	the	gingival	pocket	and	on	the	gingival	margin	and/or	adjacent	tooth	surface	that	can	be
seen	by	the	naked	eye	3	=	Abundance	of	soft	matter	within	the	gingival	pocket	and/or	on	the	gingival	margin	and	adjacent	tooth	surface	Modified	Gingival	Index	(MGI)	0	=	Absence	of	inflammation	1	=	Mild	inflammation;	slight	change	in	color,	little	change	in	texture	of	portion	of	the	marginal	or	papillary	gingival	unit	2	=	Mild	inflammation;	criteria
as	mentioned	earlier	but	involving	the	entire	marginal	or	papillary	gingival	unit	3	=	Moderate	inflammation;	glazing,	redness,	edema,	and/or	hypertrophy	of	the	marginal	or	papillary	gingival	unit	4	=	Severe	inflammation;	marked	redness,	edema,	and/or	hypertrophy	of	the	marginal	or	papillary	gingival	unit,	spontaneous	bleeding,	congestion,	or
ulceration	'A	periodontal	probe	is	drawn	horizontally	along	the	soft	tissue	wall	of	the	entrance	to	the	gingival	sulcus.	examined	provides	the	GI	score	per	person.	The	GI	may	also	be	used	to	evaluate	a	segment	of	the	mouth	a	group	of	teeth.	The	numerical	scores	of	the	GI	are	associated	with	varying	degrees	of	clinical	gingivitis	as	follows:	Gingival
Scores	Degree	of	Gingivitis	0.1-10	1.1-2.0	2.1-3.0	Mild	Moderate	Severe	The	index	can	be	used	to	determine	the	prevalence	and	severity	of	gingivitis	in	both	epidemiologic	surveys	and	in	an	individual.	This	latter	attribute	has	contributed	to	making	the	GI	the	index	of	choice	in	controlled	clinical	trials	of	preventive	or	therapeutic	agents.	Lobene	and
coworkers	created	the	modified	GI	(MGI)	by	eliminating	the	bleeding	criterion,	making	the	MGI	a	noninvasive	index.	By	redefining	the	criteria	for	mild	and	moderate	inflammation,	the	MGI	increases	sensitivity	in	the	lower	portion	of	the	scoring	scale.	The	criteria	for	the	MGI	are	given	in	Table	6.3.	Indices	of	Gingival	Bleeding	Two	indices	that
combine	the	clinical	estimates	of	inflammation	and	bleeding	have	been	described.	The	Sulcus	Bleeding	Index	(SBI)	of	Muhlernann	and	Mazor	uses	bleeding	on	gentle	probing	as	the	first	criterion	for	indicating	gingival	inflammation.	In	1971,	Muhlernann	and	Son	added	an	additional	category	to	the	original	criteria,	resulting	in	a	0-5	scale	for	assessing
inflammation	or	sulcular	bleeding.	Several	years	later	Muhlernann	assessed	sulcus	bleeding	on	probing	at	the	interdental	papilla.	This	Papillary	Bleeding	Index	(PBI)	used	a	scale	of	0-4.	A	timing	component	was	added	to	the	PBI	by	Barnett	and	coworkeres	in	an	effort	to	make	the	PBI	more	sensitive	than	the	GI	in	assessing	gingival	changes.	All	of
Muhlemann	indices	are	predicated	on	an	understanding	of	sulcular	bleeding	as	a	precursor	of	gingival	inflammation	and	as	the	first	sign	of	inflammation.	The	GI	of	Loe	and	Silness,	however,	uses	the	presence	of	a	slight	color	change	and	the	absence	of	bleeding	when	a	blunt	instrument	is	used	to	palpate	the	soft	tissue	wall	at	the	gingival	margin	to
indicate	initial	gingival	inflammation.	Although	the	correlation	between	the	two	variables	(inflammation	and	bleeding)	is	not	perfect,	the	histologic	evidence	for	associating	inflammation	with	the	GI	criteria	is	stronger	than	that	for	associating	gingival	fluid	flow	and	the	SBI.	From	the	epidemiologic	viewpoint,	it	is	better	to	measure	single	elements	than
to	measure	a	combination	of	several.	The	MGI	illustrated	how	the	signs	of	inflammation	and	bleeding	in	the	GI	were	separated.	Several	other	indices	are	worthy	of	mention.	The	Bleeding	Points	Index	was	developed	to	assess	a	patient's	oral	hygiene	performance.	It	determines	the	presence	or	absence	of	gingival	bleeding	interproximally	and	on	the
facial	and	lingual	surface	of	each	tooth.	A	periodontal	probe	is	drawn	horizontally	through	the	gingival	crevice	of	a	quadrant,	and	the	gingiva	is	examined	for	bleeding	after	30	s.	The	Gingival	Bleeding	Index	also	assesses	the	presence	or	absence	of	gingival	bleeding,	but	only	at	the	interproximal	spaces	and	using	unwaxed	dental	floss.	The	floss	is
thought	to	assess	a	larger	area	more	quickly	than	a	periodontal	probe,	and	it	can	be	used	by	both	the	professional	and	the	patient	when	the	latter	is	instructed	to	perform	self-evaluation	in	control	program.	The	Interdental	Bleeding	Index,	also	referred	to	as	the	Eastman	Interdental	Bleeding	Index,	utilizes	a	triangle-shaped	toothpick	made	of	soft,
pliable	wood	to	stimulate	the	interproximal	gingival	tissue.	The	presence	or	absence	of	bleeding	with	a	specific	stimulus	permits	the	dentist	and,	perhaps	more	important,	the	patient	to	monitor	interproximal	gingival	health.	The	interproximal	cleaner	is	inserted	horizontally	between	the	teeth	from	the	facial	surface,	depressing	the	interproximal
papilla	by	up	to	2	mm.	The	wooden	cleaner	is	6	Epidem	iology	of	Gingival	and	Periodontal	Disease	TABLE	6.4	CRITERIA	USED	BY	THE	NIDR	TO	ASSESS	GINGIVAL	INFLAMMATION	AND	CALCULUS	Gingival	Inflammation	(Bleeding	Index)	0	=	No	bleeding	present	1	=	Bleeding	results	after	probe	is	placed	in	gingival	sulcus	up	to	2	mm	and	drawn
along	the	inner	surface	of	the	gingival	sulcus	Calculus	Assessment	(Calculus	Index)	0	=	Calculus	is	absent	1	=	Supragingival	calculus,'	but	no	subgingival	calculus	is	present	2	=	Supragingival	and	subgingival	calculus,	or	subgingival	calculus	only	is	present	'Supragingival	calculus	includes	calculus	located	on	the	exposed	crown	and	root	of	the	tooth
and	extending	to	1-mm	below	the	free	gingival	margin.	inserted	and	removed	4	times,	and	the	presence	or	absence	of	bleeding	within	15	sis	noted.	The	lnterdental	Bleeding	Index	score	is	determined	by	dividing	the	number	of	bleeding	sites	by	the	number	of	sites	evaluated.	The	Gingival	Bleeding	Index	(GBI)	of	Ainamo	and	Bay	was	developed	as	an
easy	and	suitable	way	for	the	practitioner	to	assess	a	patient's	progress	in	plaque	control.	The	presence	or	absence	of	gingival	bleeding	is	determined	by	gentle	probing	of	the	gingival	crevice	with	a	periodontal	probe.	The	appearance	of	bleeding	within	10	s	indicates	a	positive	score,	which	is	expressed	as	a	percentage	of	the	total	number	of	gingival
margins	examined.	Gingival	Index	Used	by	the	National	Institute	of	Dental	Research	The	dichotomous	criteria	used	by	the	National	Institute	of	Dental	Research	(NIDR)	to	assess	gingival	inflammation	(Table	6.	4)	are	the	presence	or	absence	of	bleeding.	Two	sites	per	tooth	(mesial-buccal	interproximal	and	mid-buccal	on	all	teeth	excluding	the	molars;
and	mesial-buccal	interproximal	and	mid-buccal	of	the	mesial	root	of	molars)	on	one-half	of	the	maxillary	arch	and	the	contralateral	half	of	the	mandibular	arch	are	assessed	after	excess	moisture	is	dried	with	air.	The	decision	of	starting	at	either	the	right	or	left	half	of	the	maxillary	arch	is	decided	randomly	The	NIDR	probe	(a	periodontal	probe	that
is	graduated	in	2-mm	increments,	with	alternating	increments	colored	in	yellow)	is	gently	inserted	up	to	2	mm	into	the	gingival	sulcus	at	the	midpoint	of	the	buccal	and	then	drawn	gently	into	the	mesial-buccal	interproximal	area.	After	all	the	sites	in	both	halves	of	the	arches	are	probed	(ie,	the	gingival	sulcus	is	palpated),	the	bleeding	sites	are
counted.	This	number	is	divided	by	the	total	number	of	sites	assessed	and	then	multiplied	by	100	to	yield	the	percentage	of	sites	with	gingival	bleeding.	In	conclusion,	the	use	of	gingival	bleeding	indices	is	desirable,	because	bleeding	is	a	more	objective	indicator	than	early	gingival	color	changes	and	provides	evidence	of	recent	plaque	exposure.	In
general,	the	indices	that	utilize	apical	probing	(ie,	probing	to	the	bottom	of	the	gingival	sulcus	or	pocket)	(Palpation	refers	to	the	gentle	touching	of	the	surface	gingival	tissue	with	the	blunt	end	of	a	periodontal	probe	and/or	the	gentle	sweeping	of	the	probe	in	a	horizontal	direction	along	the	inner	surface	of	the	gingival	sulcus	without	apical
pressure),	however,	are	more	suitable	for	diagnosing	periodontitis	and	for	assessing	the	effects	of	subgingival	pocket	therapy.	77	Indices	Used	to	Measure	Periodontal	Destruction	The	destruction	of	bone	is	still	the	most	important	criterion	for	assessing	the	severity	of	periodontal	disease.	Some	of	the	approaches	to	measuring	bone	loss	that	are
discussed	are	gingival	crevice	measurements,	radiographic	evaluations	of	bone	loss,	and	assessments	of	gingival	recession	and	tooth	mobility	Gingival	Sulcus	Measurement	Component	of	the	POI	The	technique	developed	by	Ramfjord	for	determining	gingival	sulcus	depth	with	a	calibrated	periodontal	probe	involves	measuring	the	distance	from	the
cement-enamel	junction	to	the	free	gingival	margin	and	the	distance	from	the	free	gingival	margin	to	the	bottom	of	the	gingival	sulcus	or	pocket.	The	difference	between	the	two	measurements	yields	the	clinical	attachment	level.	This	is	considered	the	most	important	clinical	measurement	(ie,	the	"gold	standard")	in	determining	the	status	of	the
perodontium.	Ramfjord	technique	is	considered	useful	in	epidemiologic	surveys,	longitudinal	studies	of	periodontal	disease,	and	clinical	trials	of	preventive	and	therapeutic	agents.	The	first	measurement	in	this	two-step	process	may	be	used	in	assessing	gingival	loss	(recession)	or	gain.	It	is	considered	more	accurate	and	reliable	in	clinical	trials	than
the	Gingival	Recession	Index	used	in	epidemiologic	surveys.	The	criteria	developed	by	Ramfjord	for	making	sulcus	depth	determinations	are	shown	in	Table	6.2.	The	Rarnfjord	criteria	are	most	applicable	to	longitudinal	studies	of	periodontal	disease	and	clinical	trials	of	preventive	or	therapeutic	agents.	Either	the	six	teeth	used	by	Ramfjord	(teeth)
(teeth	16,	21,	24,	36,	41,	and	44)	or	other	teeth	appropriate	to	the	objective	of	the	study	may	be	assessed.	Quadrants	of	teeth	or	all	teeth	should	be	considered	in	longitudinal	studies.	In	an	epidemiologic	survey	(eg,	a	cross-sectional	survey)	in	which	the	purpose	is	to	determine	the	prevalence	of	total	periodontal	disease,	only	the	six	index	teeth	should
be	used.	The	set	of	criteria	for	a	cross-sectional	survey	is	the	PDI	(see	Table	6.2)	The	PDI	score	for	the	individual	is	obtained	by	totaling	the	scores	of	the	teeth	and	dividing	by	the	number	of	teeth	examined	(a	maximum	of	six).	Extent	and	Severity	Index	The	Extent	and	Severity	Index	(ESI)	was	developed	because	of	a	lack	of	satisfaction	with	pervious
indices	of	periodontal	disease	and	because	of	the	emergence	of	a	newer	conceptual	model	of	periodontal	disease	pathogenesis	developed	by	Socransky	and	coworkers.	The	older	model,	the	Pl,	was	based	on	the	concept	of	periodontal	disease	as	a	slowly	progressing,	continuous	disease	process;	it	dealt	with	gingivitis	as	part	of	the	biological	gradient
that	extended	from	health	to	advanced	periodontal	disease.	In	the	newer	model,	periodontal	disease	is	viewed	as	a	chronic	process	with	intermittent	periods	of	activity	and	remission	that	affects	individual	teeth	and	sites	around	teeth	at	different	rates	within	the	same	mouth.	Unlike	the	PI,	which	uses	a	mouth	mirror	only,	the	ESI	uses	a	periodontal
probe	(the	NIDR	periodontal	probe)	to	determine	attachment	levels.	The	ESI	score	is	a	bivariate	statistic.	It	expresses	the	percentage	of	sites	that	exhibit	disease	(E	for	Extent)	and	measures	mean	attachment	loss	in	millimeters	(S	for	Severity).	Hence	the	ESI	=	(E,	S).	Disease	is	defined	arbitrarily	as	any	site	with	more	than	1	mm	of	attachment	loss.
Unlike	the	PI,	78	PART	1	Biologic	Basis	of	Periodontology	which	examines	the	tissues	surrounding	all	teeth	present,	the	ESI	is	based	on	probe	measurements	(at	the	mesiobuccal	interproximal	and	mid-buccal	locations	on	all	teeth	excluding	molars	and	at	the	mesiobuccal	interproximal	and	mid-buccal	of	the	mesial	root	of	molars)	at	14	sites	in	half	of
the	maxillary	arch	and	at	14	sites	in	the	contralateral	mandibular	arch.	The	decision	to	start	at	either	the	right	or	left	half	of	the	maxillary	arch	is	made	randomly.	Attachment	level	measurements	are	made	using	the	criteria	ofRamfjord	(see	Table	6.2).	Carlos	and	coworkers	found	that	interexaminer	agreement	on	site	scores	was	within	1	mm	more
than	95%	of	the	time.	Unlike	the	PI	or	PDI,	the	ESI	describes	the	distribution	(extent)	of	disease.	Currently,	the	NIDR	diagnostic	criterion	includes	the	methodology	of	the	ESI	but	has	modified	the	definition	of	disease	to	be	more	than	3	mm	of	attachment	loss.	Radiographic	Approaches	to	Measuring	Bone	Loss	In	general,	the	use	of	radiographs	in	the
study	of	the	epidemiology	of	periodontal	disease	would	appear	to	overcome	some	of	the	criticisms	of	the	more	subjective	clinical	measurements.	Radiographs	present	a	permanent	objective	record	of	interdental	bone	levels;	in	longitudinal	studies	they	may	ensure	less	variability	than	poorly	standardized	evaluations	by	dental	examiners,	and	they	offer
the	only	method	available	for	making	crown	and	root	measurements.	Their	disadvantages	are	that	they	are	not	useful	in	the	buccal	or	lingual	assessment	of	bone	level,	they	do	not	provide	adequate	information	on	soft	tissue	attachment,	and	their	value	may	be	lost	if	improper	angulation	is	used.	Furthermore,	obtaining	radiographs	of	survey
participants,	without	the	intent	of	providing	treatment	if	needed,	is	unethical.	Only	a	few	indices	have	been	specifically	designed	to	evaluate	the	radiographic	assessment	of	periodontal	disease,	but	other	more	precise	techniques	for	making	reasonably	accurate	measurements	from	radiographs	have	been	developed.	Of	historical	interest	are	indices
developed	by	Dunning	and	Leach	(the	Gingival-Bone	Count	Index),	which	records	the	gingival	condition	on	a	scale	of	0-3	and	the	level	of	the	crest	of	the	alveolar	bone,	and	a	similar	index	by	Sheiham	and	Striffer.	The	strength	of	each	of	these	radiographic	indices	is	in	epidemiologic	surveys	in	which	evaluation	time	is	limited	because	of	large	study
populations.	The	Periodontitis	Severity	Index	(PSI)	assesses	the	presence	or	absence	of	periodontitis	as	the	product	of	clinical	inflammation	(CIS)	and	interproximal	bone	loss	(BLS)	determined	radiographically	using	a	modified	Schei	ruler.	Due	to	the	need	for	periapical	radiographs,	the	PSI	is	limited	to	longitudinal	studies	and	lacks	validation.	Indices
Used	to	Measure	Plaque	Accumulation	In	general,	most	of	the	indices	used	to	measure	plaque	accumulation	utilize	a	numerical	scale	to	measure	the	extent	of	the	surface	area	of	a	tooth	covered	by	plaque.	For	these	purposes,	plaque	is	defined	as	a	soft,	nonmineralized	tooth	deposit,	which	includes	debris	and	materia	alba.	Plaque	Component	of	the
PDI	The	first	index	that	attempted	to	use	a	numerical	scale	to	assess	the	extent	of	plaque	covering	the	surface	area	of	a	tooth	was	developed	by	Ramfjord.	The	plaque	component	of	the	PDI	is	used	on	the	six	teeth	selected	by	Ramfjord	(teeth	#3,	9,	12,	19,	25,	and	28)	(teeth	16,	21,	24,	36,	41,	and	46)	after	staining	with	Bismarck	brown	solution.	The
criteria	measure	the	presence	and	extent	of	plaque	on	a	scale	of	0-3,	looking	specifically	at	all	interproximal	facial	and	lingual	surfaces	of	the	index	teeth.	The	criteria	are	suitable	for	longitudinal	studies	of	periodontal	disease.	Even	though	the	plaque	component	is	not	a	part	of	the	PDI	score,	it	is	helpful	in	a	total	assessment	of	periodontal	status.
Shick	and	Ash	modified	the	original	criteria	of	Ramfjord	by	excluding	consideration	of	the	interproximal	areas	of	the	teeth	and	"restricting	the	scoring	of	plaque	to	the	gingival	half'	of	the	facial	and	lingual	surfaces	of	the	index	teeth.	The	criteria	for	the	Shick-Ash	modification	of	the	Ramfjord	plaque	criteria	are	shown	in	Table	6.2.	The	plaque	score
per	person	is	obtained	by	totaling	all	of	the	individual	tooth	scores	and	dividing	by	the	number	of	teeth	examined.	These	modified	plaque	criteria	are	suitable	for	clinical	trials	of	preventive	or	therapeutic	agents.	Simplified	Oral	Hygiene	Index	Greene	and	Vermillion	developed	the	Oral	Hygiene	Index	(OHI)	in	1960	and	later	simplified	it	to	include	only
six	tooth	surfaces	that	were	representative	of	all	anterior	and	posterior	segments	of	the	mouth.	This	modification	was	called	the	Simplified	OHI	(OHI-S).	The	OHI-S	measures	the	surface	area	of	the	tooth	that	is	covered	by	debris	and	calculus.	The	imprecise	term	debris	was	used	because	it	was	not	practical	to	distinguish	among	plaque,	debris,	and
materia	alba.	In	addition,	the	practicality	of	determining	the	weight	and	thickness	of	the	soft	deposits	prompted	the	assumption	that	the	dirtier	the	mouth	is,	the	greater	is	the	tooth	surface	area	covered	by	debris.	This	assumption	also	implied	a	time	factor,	because	the	longer	oral	hygiene	practices	are	neglected,	the	greater	the	likelihood	that	the
surface	area	of	the	tooth	will	be	covered	by	debris.	The	OHI-S	consists	of	two	components:	a	Simplified	Debris	Index	(DI-S)	and	a	Simplified	Calculus	Index	(CI-S)	Each	component	is	assessed	on	a	scale	of	0-3.	Only	a	mouth	mirror	and	a	shepherd	crook	or	sickle	type	dental	explorer	and	no	disclosing	agent	are	used	for	the	examination.	The	six	teeth
surfaces	examined	in	the	OHI-S	are	the	facial	surfaces	of	teeth#	16,	11,	26,	and	31	and	the	lingual	surfaces	of	teeth#	36	and	46.	Each	tooth	surface	is	divided	horizontally	into	gingival,	middle,	and	incisal	thirds.	For	the	DI-S,	a	dental	explorer	is	placed	on	the	incisal	third	of	the	tooth	and	moved	toward	the	gingival	third	according	to	the	criteria	in
Table	6.5.	The	DI-S	score	per	person	is	obtained	by	totaling	the	debris	score	per	tooth	surface	and	dividing	by	the	number	of	surfaces	examined.	The	CI-S	assessment	is	performed	by	gently	placing	a	dental	explorer	into	the	distal	gingival	crevice	and	drawing	the	explorer	into	the	distal	gingival	crevice	and	drawing	it	subgingivally	from	the	distal
contact	area	to	the	mesial	contact	area	(one-half	of	a	tooth's	circumference	is	considered	a	scoring	unit).	The	criteria	for	scoring	the	calculus	component	of	the	OHI-S	are	given	in	Table	6.5.	The	CI-S	score	per	person	is	obtained	by	totaling	the	calculus	scores	per	tooth	surface	and	dividing	by	the	number	of	surfaces	examined.	The	OHI-S	score	per
person	is	the	total	of	the	DI-Sand	CI-S	scores	per	person.	The	clinical	levels	of	oral	cleanliness	for	debris	that	can	be	associated	with	group	DI-S	scores	are	as	follows:	Good	0.0-0.6	Fair	0.7-1.8	Poor	1.9-3.0	6	Epidemiology	of	Gingival	and	Periodontal	Disease	79	TABLE	6.5	TABLE	6.6	CRITERIA	FOR	SCORING	THE	ORAL	DEBRIS	(DI-S)	AND
CALCULUS	(CI-S)	COMPONENTS	OF	THE	SIMPLIFIED	ORAL	HYGIENE	INDEX	(OHI-S)	TURESKY-GILMORE-GLICKMAN	MODIFICATION	OF	THE	QUIGLEY-HEIN	PLAQUE	INDEX	Oral	Debris	Index	(D1-S)	0	=	No	debris	or	stain	present	1	=	Soft	debris	covering	not	more	than	one-third	of	the	tooth	surface	or	the	presence	of	extrinsic	stains	without
other	debris,	regardless	of	surface	area	covered	2	=	Soft	debris	covering	more	than	one-third	but	not	more	than	two-third	of	the	exposed	tooth	surface	3	=	Soft	debris	covering	more	than	two-third	of	the	exposed	tooth	surface	Calculus	Index	(CI-S)	0	=	No	calculus	present	1	=	Supragingival	calculus	covering	not	more	than	one-third	of	the	exposed
tooth	surface	2	=	Supragingival	calculus	covering	more	than	one-third	but	not	more	than	two-third	of	the	exposed	tooth	surface	or	the	presence	of	individual	necks	of	subgingival	calculus	around	the	cervical	portion	of	the	tooth,	or	both	3	=	Supragingival	calculus	covering	more	than	two-third	of	the	exposed	tooth	surface	or	a	continuous	heavy	band	of
subgingivai	calculus	around	the	cervical	portion	of	the	tooth,	or	both	0	=	No	plaque	1	=	Separate	necks	of	plaque	at	the	cervical	margin	of	the	tooth	2	=	A	thin	continuous	band	of	plaque	(up	to	1	mm)	at	the	cervical	margin	3	=	A	band	of	plaque	wider	than	1	mm	but	covering	less	than	onethird	of	the	crown	4	=	Plaque	covering	at	least	one-third	but
less	than	two-third	of	the	crown	5	=	Plaque	covering	two-third	or	more	of	the	crown	because	of	the	objective	definitions	of	each	numerical	score.	The	strength	of	this	plaque	index	is	its	application	to	longitudinal	studies	and	clinical	trials	of	preventive	and	therapeutic	agents.	The	Turesky-Gilmore-Glickman	modification	of	the	Quigley-Hein	criteria	is
considered	one	of	the	two	indices	of	choice	when	assessing	plaque	in	clinical	trials.	The	importance	of	the	OHI-S	is	that,	like	the	PI	of	Russell,	it	has	been	used	extensively	throughout	the	world	and	has	contributed	greatly	to	the	understanding	of	periodontal	disease.	It	was	also	used	in	the	Ten-State	Nutrition	Survey	1	NHS,	NHANES	I,	and	HHANES.
The	high	degree	of	correlation	(r	=	0.82)	between	the	OHI-S	and	tin	PI	makes	it	possible,	if	one	of	the	two	scores	is	known,	to	calculate	the	other	score	with	regression	analysis.	The	maJor	strength	of	the	OHIS	is	its	use	in	epidemiologic	surveys	and	in	evaluation	of	dental	health	education	programs	(longitudinal	studies).	It	can	also	evaluate	an
individual's	level	of	oral	cleanliness	and	can,	to	a	more	limited	extent,	be	used	in	clinical	trials.	The	index	is	easy	to	use	because	the	criteria	are	objective,	the	examination	may	be	performed	quickly,	and	a	high	level	of	reproducibility	is	possible	with	a	minimum	of	training	sessions.	Plaque	Index	The	Plaque	Index	(PII)	is	unique	among	the	indices
described	so	far	because	it	ignores	the	coronal	extent	of	plaque	on	the	tooth	surface	area	and	assesses	only	the	thickness	of	plaque	at	the	gingival	area	of	the	tooth.	Since	it	was	developed	as	a	component	to	parallel	the	GI	of	Loe	and	Silness,	it	examines	the	same	scoring	units	of	the	teeth:	distofacial,	facial,	mesiofacial,	and	lingual	surfaces.	A	mouth
mirror	and	a	dental	explorer	are	used	after	air	drying	of	the	teeth	to	assess	plaque.	Unlike	most	indices,	the	PII	does	not	exclude	or	substitute	for	teeth	with	gingival	restorations	or	crowns.	Either	all	or	only	selected	teeth	may	be	used	in	the	PII.	The	criteria	for	the	PII	of	Silness	and	Loe	are	given	in	Table	6.3.	The	PII	score	for	the	area	is	obtained	by
totaling	the	four	plaque	scores	per	tooth.	If	the	sum	of	the	PII	scores	per	tooth	is	divided	by	four,	the	PII	score	for	the	tooth	is	obtained.	The	PII	score	per	person	is	obtained	by	adding	the	PII	scores	per	tooth	and	dividing	by	the	number	of	teeth	examined.	The	PII	may	be	obtained	for	a	segment	of	the	mouth	or	a	group	of	teeth	in	a	similar	manner.	The
strength	of	the	PII	is	in	its	application	to	longitudinal	studies	and	clinical	trials.	In	spite	of	the	studies	that	have	been	conducted	to	ensure	the	reliability	of	PII	data,	the	assessment	of	plaque	thickness	is	so	subjective	that	obtaining	valid	data	requires	highly	trained	and	experienced	examiners.	Turesky-Cilmore-Clickman	Modification	of	the	Quigley-
Hein	Plaque	Index	In	1962,	Quigley	and	Hein	reported	a	plaque	measurement	that	focused	on	the	gingival	third	of	the	tooth	surface.	They	examined	only	the	facial	surfaces	of	the	anterior	teeth,	using	a	basic	fuchsin	mouthwash	as	a	disclosing	agent	and	a	numerical	scoring	system	of	0-5.	Turesky	and	coworkers	strengthened	the	objectivity	of	the
Quigley-Hein	criteria	by	redefining	the	scores	of	the	gingival	third	area.	The	Turesky-GilmoreGlickman	modification	of	the	Quigley-Hein	criteria	appears	in	Table	6.6.	Plaque	was	assessed	on	the	facial	and	lingual	surfaces	of	all	of	the	teeth	after	using	a	disclosing	agent.	A	plaque	score	per	person	was	obtained	by	totaling	all	of	the	plaque	scores	and
dividing	by	the	number	of	surfaces	examined.	This	system	of	scoring	plaque	is	relatively	easy	to	use	Other	Plaque	Indices	The	Modified	Navy	Plaque	Index	records	the	presence	or	absence	of	plaque	with	a	score	of	1	or	0,	respectively,	on	nine	areas	of	each	tooth	surface	of	the	six	index	teeth	used	by	Ramfjord	Like	the	Patient	Hygiene	Performance
(PHP)	Index	of	Podshadley	and	Haley,	the	Modified	Navy	Plaque	Index	is	of	value	in	assessing	health	education	programs	and	the	ability	of	individuals	to	perform	oral	hygiene	practices.	A	variation	of	the	Modified	Navy	Plaque	Index	is	the	Distal	Mesia!	Plaque	Index	(DMPI),	which	places	more	emphasis	on	the	gingival	and	interproximal	areas	of	a
tooth.	Plaque	is	one	of	the	two	factors	measured	in	the	Irritants	Index,	which	is	a	component	of	the	Gingival	Periodontal	Index	(	GPI)	of	O'Leary	and	coworkers.	The	presence	and	coronal	extent	of	plaque	are	scored	on	a	scale	of	0-3.	Other	factors	that	contribute	to	the	Irritants	The	clinical	levels	of	oral	hygiene	that	can	be	associated	with	group	OHI-S
scores	are	as	follows:	Good	0.0-1.2	Fair	1.3-3.0	Poor	3.1-6.0	80	PART	1	Biologic	Basis	of	Periodontology	Index	are	supragingival	and	subgingival	calculus	and	subgingival	irritants,	such	as	overhanging	or	deficient	restorations.	PHP	Index	Patient	Hygiene	Performance	index	(PHP)	by	Podshadley	and	Haley	was	the	first	index	developed	for	the	sole
purpose	of	assessing	an	individual's	performance	in	removing	debris	after	toothbrushing	instruction.	It	records	the	presence	or	absence	of	debris	as	1	or	0,	respectively,	using	the	six	surface	of	the	six	OHI-S	teeth.	The	PHP	Index	is	more	sensitive	than	the	OHI-S	because	it	divides	each	tooth	surface	into	five	areas:	three	longitudinal	thirds,	with	the
middle	third	subdivided	horizontally	into	thirds.	Scoring	is	preceded	by	the	use	of	a	disclosing	agent.	The	index	is	easy	to	use	because	its	criteria	are	dichotomous	and	it	can	be	performed	quickly.	Its	value	hes	chiefly	in	its	application	to	individual	patient	education.	Two	other	indices	with	a	similar	purpose	that	also	use	dichotomous	criteria	are	the
Plaque	Control	Record	and	the	plaque	portion	of	the	Bleeding	Points	Index.	Bjorby	and	Loe	developed	a	Retention	Index	that	not	only	examined	supragingival	and	subgingival	calculus	but	also	grossly	assessed	dental	caries	and	the	quality	of	the	margins	of	restorations.	Collectively,	all	of	these	variables	were	scored	on	a	numerical	scale	of	0-3.	Indices
Used	to	Measure	Calculus	In	general,	the	indices	used	to	assess	calculus	may	be	conveniently	divided	into	those	that	are	most	appropriate	to	epiderniologic	surveys;	those	that	are	appropriate	to	longitudinal	studies,	with	an	examination	every	3-6	months;	and	those	that	are	used	in	short-term	clinical	studies,	usually	no	longer	than	6	weeks.	Calculus
Component	of	the	Simplified	Oral	Hygiene	Index	The	Simplified	Calculus	Index	(CI-S)	component	of	the	OHI-S	was	previously	discussed	with	indices	used	to	measure	plaque	accumulation	because	it	is	less	separable	from	the	combined	scoring	system	than	are	any	of	the	other	indices	that	include	several	component	measures.	The	value	of	the	CI-S
component	is	its	application	to	epidemiologic	surveys	and	longitudinal	studies	of	periodontal	disease.	Table	6.5	presents	the	specific	criteria	of	the	OHI-S	used	to	assess	calculus.	Calculus	Component	of	the	Periodontal	Disease	Index	The	calculus	component	of	the	PDI	assesses	the	presence	and	extent	of	calculus	on	the	facial	and	lingual	surfaces	of
Ramfjord's	six	index	teeth	(ie,	teeth	#16,	21,	36,	41,	44,	and	46)	on	a	numerical	scale	of	0-3.	A	mouth	mirror	and	a	dental	explorer	and/or	a	periodontal	probe	are	used	in	the	examination.	The	criteria	for	assigning	a	score	to	each	tooth	surface	for	the	calculus	component	of	the	PDI	are	given	in	Table	6.2.	The	calculus	scores	per	tooth	are	totaled	and
then	divided	by	the	number	of	teeth	examined	to	yield	the	calculus	score	per	person.	Like	the	CI-S	of	the	OHI-S,	the	calculus	component	of	the	PDI	has	a	high	degree	of	examiner	reproducibility,	can	be	performed	quickly,	and	has	its	best	application	in	epidemiologic	surveys	and	longitudinal	studies.	Probe	Method	of	Calculus	Assessment	The	Probe
Method	of	Calculus	Assessment	was	developed	for	longitudinal	studies	of	the	quantity	of	supragingival	calculus	formed.	A	periodontal	probe	graduated	in	millimeter	divisions	is	used	to	measure	the	deposits	of	calculus	on	the	lingual	surfaces	of	the	six	mandibular	anterior	teeth.	The	Probe	Method	of	Calculus	Assessment	has	been	shown	to	possess	a
high	degree	of	inter-	and	intraexaminer	reproducibility.	However,	extensive	training	under	an	experienced	investigator	is	required	to	master	it.	Calculus	Surface	Index	The	Calculus	Surface	Index	(CSI)	is	one	of	two	indices	that	are	used	in	short-term	(eg,	less	than	6	weeks)	clinical	trials	of	calculus-inhibiting	agents.	The	objective	of	this	type	of	study
is	to	determine	rapidly	whether	a	specific	agent	has	any	effect	on	reducing	or	preventing	supragingival	or	subgingival	calculus.	The	CSI	assesses	the	presence	or	absence	of	supragingival	and/or	subgingival	calculus	on	the	four	mandibular	incisors.	The	index	has	also	been	applied	to	the	six	mandibular	anterior	teeth.	The	presence	or	absence	of
calculus	is	determined	by	visual	examination	or	by	tactile	examination	using	a	mouth	mirror	and	a	sickle-type	dental	explorer.	A	companion	index	to	the	CSI	is	the	Calculus	Surface	Severity	Index	(CSSI).	The	CSSI	measures	the	quantity	of	calculus	present	on	the	surfaces	examined	for	the	CSI.	Marginal	Line	Calculus	Index	A	second	index	that	is
frequently	used	in	short-term	clinical	trials	of	anticalculus	agents	is	the	Marginal	Line	Calculus	Index	(MLCI).	This	index	was	developed	to	assess	the	accumulation	of	supragingival	calculus	on	the	gingival	third	of	the	tooth	or,	more	specifically,	supragingival	calculus	along	the	margin	of	the	gingiva.	Calculus	Index	Used	by	NIDR	The	NIDR	uses	a
three-point	ordinal	scale	for	the	assessment	of	calculus	(see	Table	64)	Unlike	the	NIDR	gingival	assessment,	the	Calculus	Index	assigns	only	one	score	per	tooth,	after	examining	both	the	mid-buccal	and	mesial-bussal	interproximal	sites,	on	one-half	of	the	maxillary	and	one-half	of	the	contralateral	mandibular	arch.	As	in	the	gingival	assessment,	the
decision	to	start	at	either	the	right	or	left	half	of	the	maxillary	is	made	randomly.	Both	sites	are	examined	for	the	presence	and	extent	of	calculus	(with	either	the	NIDR	periodontal	probe	or	a	no.	17	dental	explorer)	after	all	of	the	teeth	in	one-half	of	an	arch	are	air	dried.	The	Calculus	index	score	is	obtained	by	dividing	the	score	for	each	tooth	by	the
number	of	teeth	examined.	Indices	Used	to	Assess	Treatment	Needs	Interpretations	of	the	indices	described	in	this	section	are	to	be	viewed	with	caution	because	of	the	difficulty	that	exists	concerning	the	estimation	of	treatment	need.	Without	knowing	the	response	of	the	periodontal	tissues	to	phase	1	or	initial	therapy,	any	estimate	of	treatment
needs	may	be	subject	to	over-	or	underestimation	of	what	is	clinically	prudent.	CPI	The	GPI	is	a	modification	of	the	PDI	of	Ramfjord	for	the	purpose	of	screening	persons	to	determine	who	needs	periodontal	treatment.	The	GPI	assesses	three	components	of	periodontal	disease:	gingival	status,	periodontal	status	(crevice	depth);	and,	collectively	materia
alba,	calculus,	and	overhanging	restorations.	The	latter	triad	is	independently	called	the	Irritation	Index.	Only	the	criteria	for	the	gingival	status	component	are	described.	6	Epidemiology	of	Gingival	and	Periodontal	Disease	81	TABLE	6.7	CRITERIA	FOR	THE	PERIODONTAL	TREATMENT	NEED	SYSTEM	(PTNS)	CLASSIFICATION	PTNS	Classification
Unit	Plaque	Calculus	and/or	Overhangs	Inflammation	Pocket	Depth	Class	Class	Class	Class	Mouth	Mouth	Quadrant	Quadrant	No	Yes	Yes	Yes	No	No	Yes	Yes	No	Yes	Yes	Yes	Not	considered	~5mm	5mm	0	A	B	C	(Adapted	[rom	Johansen	JR,	Gjermo	P,	Bellini	HT:	A	system	to	classify	the	need	for	periodontal	treatment.	Acta	Odontol	Scand	31:	297,	1973,
by	permission	of	Scandinavian	Univasity	Press.)	The	maxillary	and	mandibular	arches	are	each	divided	into	three	segments:	the	six	anterior	teeth,	the	left	posterior	teeth,	and	the	right	posterior	teeth.	The	primary	objective	in	using	the	index	is	to	determine	the	tooth	or	surrounding	tissues	with	the	severest	condition	within	each	of	the	six	segments.
Each	segment	is	assessed	for	each	of	the	three	components	of	periodontal	disease	described	previously	The	specific	criteria	for	the	gingival	status	component	of	the	GPI	are	as	follows:	0	=	tissue	tightly	adapted	to	the	teeth;	firm	consistency	with	physiologic	architecture.	1	=	slight	to	moderate	inflammation,	as	indicated	by	changes	in	color	and
consistency,	involving	one	or	more	teeth	in	the	same	segment	but	not	completely	surrounding	any	one	tooth.	2	=	the	aforementioned	changes	either	singly	or	combined	completely	encircling	one	or	more	teeth	in	a	segment.	3	=	marked	inflammation,	as	indicated	by	loss	of	surface	continuity	(ulceration),	spontaneous	hemorrhage,	loss	of	faciolingual
continuity	or	any	interdental	papilla,	marked	deviation	from	normal	contour	(such	as	gross	thickening	or	enlargement	covering	more	than	one-third	of	the	anatomic	crown),	recession,	and	clefts.	The	area	with	the	highest	score	determines	the	gingival	score	for	the	entire	segment,	and	the	gingival	status	for	the	mouth	is	obtained	by	dividing	the	sum	of
the	gingival	scores	by	the	number	of	segments.	The	GPI	has	been	used	extensively	in	military	populations.	Unlike	the	traditional	indices	used	in	epidemiology	(which	attempt	primarily	to	assess	the	status	of	a	specific	disease	condition,	with	only	the	crudest	suggestion	of	determining	treatment	needs),	the	GPI	was	developed	for	the	specific	purpose	of
detecting	periodontal	disease	early	so	that	treatment	may	be	instituted	promptly	Periodontal	Treatment	Need	System	The	next	index	to	evolve	with	the	purpose	of	assessing	treatment	needs	was	the	Periodontal	Treatment	Need	System	(PINS),	which	has	been	used	with	interesting	results.	It	attempts	to	place	individuals	into	one	of	four	classes	based
on	treatment	procedures	relative	to	time	requirements.	It	considers	the	presence	or	absence	of	gingivitis	and	plaque	and	the	presence	of	pockets	5	mm	or	deeper	in	each	quadrant	of	the	mouth,	as	shown	in	Table	6.7.	Community	Periodontal	Index	ofTreatment	Needs	In	1977,	the	WHO	appointed	an	expert	committee	to	review	the	methods	available	to
review	periodontal	status	and	treatment	needs.	The	index	that	resulted	after	extensive	field	testing	by	investigators	from	the	WHO	and	the	International	Dental	Federation	(FDI)	was	called	the	Community	Periodontal	Index	of	Treatment	Needs	(CPITN).	The	CPITN	was	"primarily	designed:	assess	periodontal	treatment	needs	rather	than	pet	status."
Combining	elements	of	the	GPI	and	PINS	CPITN	assesses	the	presence	or	absence	of	gingival	bleeding	on	gentle	probing;	the	presence	or	absence	of	supragingival	or	subgingival	calculus;	and	the	presence	or	absence	of	periodontal	pockets,	subdivided	into	shallow	and	deep.	A	specially	designed	periodontal	probe	with	a	0.5-mm	ball	tip	and
gradations	corresponding	to	shallow	and	deep	pocket	was	developed	to	probe	for	bleeding	and	calculus	and	to	determine	pocket	depth.	In	epidemiologic	surveys,	10	index	teeth	are	examined,	but	only	the	worst	finding	from	the	index	teeth	is	recorded	of	individual	patients,	only	the	worst	finding	from	all	of	the	teeth	in	a	sextant	is	recorded,	resulting



in	six	scores.	The	CPITN	criteria	for	determining	periodontal	status	and	the	corresponding	treatment	needs	to	appear	in	Table	6.8.	Each	subject	or	sextant	of	teeth	is	classified	according	to	one	of	the	treatment	needs.	TABLE	6.8	CRITERIA	FOR	THE	COMMUNITY	PERIODONTAL	INDEX	OF	TREATMENT	NEEDS	Periodontal	Status	0	1	2	3	4	=	=	=	=
=	Healthy	periodontium	Bleeding	observed,	directly	or	by	using	mouth	mirror,	after	sensing	Calculus	felt	during	probing,	but	the	entire	black	area"	of	the	probe	is	visible	Pocket	4	or	5	mm	(giving	margin	is	situated	on	black	area"	of	probe)	Pocket	>	6	mm	(black	area'	of	probe	not	visible)	Treatment	Needs	0	=	No	treatment	needed	I	=	Oral	hygiene
needs	improvement	II	=	I	+	professional	scaling	II	=	I	+	profession	scaling	Ill	=	I	+	II	+	complex	treatment"	'Portion	of	probe	between	3.5	and	5.5	mm.	"Complex	treatment	may	require	scaling	and	root	planning	under	local	anesthesia,	with	or	without	surgical	exposure	for	access.	82	PART	1	Biologic	Basis	of	Periodontology	TABLE	6.9	CODES	AND
CRITERIA	FOR	COMMUNITY	PERIODONTAL	INDEX	Code	Criteria	for	Periodontal	Status	0	Healthy	2	3	4	X	9	Bleeding	observed,	directly	or	by	using	a	mouth	mirror,	after	probing	Calculus	detected	during	probing,	but	all	of	the	black	band	on	the	probe	visible	Pocket	4-5	mm	(gingival	margin	within	the	black	band	on	the	probe)	Pocket	6	mm	or	more
(black	band	on	the	probe	not	visible)	Excluded	sextant	(less	than	two	teeth	present)	Not	recorded	The	value	of	the	CPITN	is	that	it	permits	rapid	examination	of	a	population	to	determine	periodontal	treatment	needs.	However,	a	lot	of	effort	is	expended	and	a	great	deal	of	useful	information	is	lost	when	only	the	worst	score	per	sextant	is	recorded.
Community	Periodontal	Index	This	index	is	a	modification	of	the	CPITN.	The	modification	is	done	by	the	inclusion	of	measurement	of	"loss	of	attachment"	and	elimination	of	the	"treatment	needs"	category	A	mouth	mirror	along	with	Community	Periodontal	Index	(CPI)	probe	(WHO	probe)	is	used	for	the	recording.	Code	Criteria	for	Loss	of	Attachment
0	Loss	of	attachment	0-3	mm	(CEJ	not	visible	and	CPI	score	0-3)	Loss	of	attachment	4-5	mm	(CEJ	within	the	black	band)	2	4	Loss	of	attachment	6-8	mm	(CEJ	between	the	upper	limit	of	the	black	band	and	the	8.5-mm	ring)	Loss	of	attachment	9-11	mm	(CEJ	between	the	8.5	and	11.5-mm	rings).	Loss	of	attachment	12	mm	or	more	X	9	Excluded	sextant	(	:
D	Other	congenital	heart	AIDS	or	HIV	lnfect10n	.....•...•.	D	DD	Stroke	..•....•.•.•....•.•.•...•...•..~..•	D	defects	..	•.	..	.	•.	•	..	....•	D	D	O	Arthnns	•	.	..	.	..•.	•.	..	..	..	.	,	..•.	DD	Glaucoma	•...•.•..•...•.........•....•.	O	0	0	0	0	D	D	D	D	D	D	0	D	DD	Hepa1i1,s.	jaundice	or	IM!rdl"'1S	Epilepsy...	•..	•.	Fainting	splls	01	seizures......	I	Neuro	ogical	disorders	If	yes,
speclly	.	Sleep	diso1der	......................	Mental	heahh	disorders	.......	[J	0	DD	0	D	DD	DD	DD	DD	Recurrent	infections	-TypP	of	lnfect10n·	Kidnll'f	problems	......••......•...	N1ghI	sweats	....	....	...	..	....	Ostcopo1os,s	•.•.•....•......•.•..•...	Pecs1:!i-Umt	swollen	gldn~	in	neck..	.......................•....	Severe	headaches/	migraines	.......	..........	,re	or	rap.d	weight	toss	•.
SP>1	~	',~	I	appear	more	marked	on	maxillary	first	premolars,	the	mesiobuccal	root	of	the	maxillary	first	molar,	both	roots	of	mandibular	first	molars,	and	the	mandibular	incisors.	Any	tooth,	however,	can	have	a	proximal	concavity	Although	these	concavities	increase	the	attachment	area	and	produce	a	root	shape	that	may	be	more	resistant	to
torquing	forces,	they	also	create	areas	that	can	be	difficult	for	both	the	dentist	and	the	patient	to	clean.	Other	anatomic	considerations	that	present	accessibility	problems	are	developmental	grooves,	root	proximity,	and	furcation	involvements.	The	presence	of	any	of	these	can	worsen	the	prognosis.	Developmental	grooves,	which	sometimes	appear	in
the	maxillary	lateral	incisors	[palatogingival	groove;	or	in	the	lower	incisors,	create	an	accessibility	problem	(Fig.	28.6)].	They	initiate	on	enamel	and	can	extend	a	significant	distance	on	the	root	surface,	providing	a	plaque-retentive	area	that	is	difficult	to	instrument.	These	palatogingival	grooves	are	found	on	5.6%	of	maxillary	lateral	incisors	and
3.4%	of	maxillary	central	incisors.	Similarly,	root	proximity	can	result	in	interproximal	areas	that	are	difficult	for	the	clinician	and	patient	to	access.	Finally,	access	to	the	furcation	area	is	usually	difficult	to	obtain	(Fig.	28.	7).	In	58%	of	maxillary	and	mandibular	first	molars,	the	furcation	entrance	diameter	is	narrower	than	the	width	of	conventional
periodontal	curettes.	Maxillary	first	premolars	present	the	greatest	difficulties,	and	therefore	their	prognosis	is	usually	unfavorable	when	the	lesion	reaches	the	mesiodistal	furcation.	Maxillary	molars	also	present	some	difficulty;	sometimes	their	prognosis	can	be	improved	by	resecting	one	of	the	buccal	roots,	thereby	improving	access	to	the	area.
When	mandibular	first	molars	or	buccal	furcations	of	maxillary	molars	offer	good	access	to	the	furcation	area,	their	prognosis	is	usually	better.	The	determination	of	the	level	of	clinical	attachment	reveals	the	approximate	extent	of	root	surface	that	is	devoid	of	periodontal	ligament;	the	radiographic	examination	shows	the	amount	of	root	surface	still
invested	in	bone.	Pocket	depth	is	less	important	than	the	level	of	attachment	because	it	is	not	necessarily	related	to	bone	loss.	In	general,	a	tooth	with	deep	pockets	and	little	attachment	and	bone	loss	has	a	better	prognosis	than	one	with	shallow	pockets	and	severe	attachment	and	bone	loss.	However,	deep	pockets	are	a	source	of	infection	and	may
contribute	to	progressive	disease.	Prognosis	is	adversely	affected	if	the	base	of	the	pocket	(level	of	attachment)	is	close	to	the	root	apex.	The	presence	of	apical	disease	as	a	result	of	endodontic	involvement	also	worsens	the	prognosis.	However,	surprisingly	good	apical	and	lateral	bone	repair	can	sometimes	be	obtained	by	combining	endodontic	and
periodontal	therapy	Type	of	Bone	Defect	I/	D99%	'~0.5mm	I	FIGURE	28.5	Root	concavities	in	mandibular	first	molars	sectioned	2-mm	apical	to	the	furca.	Concavity	of	the	furcal	aspect	was	found	in	100%	of	mesial	(M)	roots	and	99%	of	distal	(D)	roots.	Deeper	concavity	was	found	in	the	mesial	roots	(mean	concavity,	0.7	mm).	(Redrawn	from	Bower
RC:	J	Periodontal	50:366,	1979.)	The	type	of	defect	also	must	be	determined.	The	prognosis	for	horizontal	bone	loss	depends	on	the	height	of	the	existing	bone	because	it	is	unlikely	that	clinically	significant	bone	height	regeneration	will	be	induced	by	therapy	In	the	case	of	angular,	intrabony	defects,	if	the	contour	of	the	existing	bone	and	the	number
of	osseous	walls	are	favorable,	there	is	an	excellent	chance	that	therapy	could	regenerate	bone	to	approximately	the	level	of	the	alveolar	crest.	When	greater	bone	loss	has	occurred	on	one	surface	of	a	tooth,	the	bone	height	on	the	less	involved	surfaces	should	be	taken	into	consideration	when	determining	the	prognosis.	28	Determination	of	Prognosis
323	FIGURE	28.6	Palatogingival	groove.	A,	Probe	in	place	to	indicate	a	deep	pocket	along	the	palatogingival	groove.	B,	Radiograph	with	a	gutta-percha	point	placed	in	the	pocket.	C,	The	area	is	surgically	opened.	Note	the	palatogingival	groove	along	the	entire	palatal	portion	of	the	root.	(Courtesy	Dr	Nadia	Chugal,	University	of	California,	Los
Angeles.)	0	!	/	0	0	~	....,.----.._	,	(A)	FIGURE	28.7	The	furcation	entrance	is	narrower	than	a	standard	curette	in	58%	of	first	molars.	(Redrawn	from	Bower	RC:	J	Periodontal	50:366,	7979.)	Due	to	the	greater	height	of	bone	in	relation	to	other	surfaces,	the	center	of	rotation	of	the	tooth	will	be	nearer	the	crown	(Fig.	28.8).	This	results	in	a	more	favorable
distribution	of	forces	to	the	periodontium	and	less	tooth	mobility	Subgingival	Restorations	Subgingival	margins	may	contribute	to	increased	plaque	accumulation,	increased	inflammation,	and	increased	bone	loss	when	compared	with	supragingival	margins.	Furthermore,	discrepancies	in	these	margins	(eg,	overhangs)	can	negatively	impact	the
periodontium.	The	size	of	these	discrepancies	and	duration	of	their	presence	are	important	factors	in	the	amount	of	destruction	that	occurs.	In	general,	however,	a	tooth	with	a	discrepancy	in	its	subgingival	margins	has	a	poorer	prognosis	than	a	tooth	with	well-contoured	supragingival	margins.	I	'	•	/l\.	/j	(B)	I	\	I	FIGURE	28.8	Prognosis	for	tooth	A	is
better	than	for	tooth	B,	despite	less	bone	on	one	of	the	surfaces	of	A.	Because	the	center	of	rotation	of	tooth	A	is	closer	to	the	crown,	the	distribution	of	occlusal	forces	to	the	periodontium	is	more	favorable	than	in	B.	Caries,	Nonvital	Teeth,	and	Root	Resorption	For	teeth	mutilated	by	extensive	caries,	the	feasibility	of	adequate	restoration	and
endodontic	therapy	should	be	considered	before	undertaking	periodontal	treatment.	Extensive	idiopathic	root	resorption	or	root	resorption	resulting	from	orthodontic	therapy	jeopardizes	the	stability	of	teeth	and	adversely	affects	the	response	to	periodontal	treatment.	The	periodontal	prognosis	of	treated	nonvital	teeth	does	not	differ	from	that	of
vital	teeth.	New	attachment	can	occur	to	the	cementum	of	both	nonvital	and	vital	teeth.	Teeth	Adjacent	to	Edentulous	Areas	Teeth	that	serve	as	abutments	are	subjected	to	increased	functional	demands.	More	rigid	standards	are	required	when	evaluating	the	prognosis	of	teeth	adjacent	to	edentulous	areas.	324	PART	2	Clinical	Periodontics	FIGURE
28.9	Extraction	of	severely	involved	tooth	to	preserve	bone	on	adjacent	teeth.	A,	Extensive	bone	destruction	around	the	mandibular	first	molar.	B,	Radiograph	made	years	after	extraction	of	the	first	molar	and	replacement	by	a	prosthesis.	Note	the	excellent	bone	support.	C,	Extraction	of	periodontally	involved	bicuspid	and	molar.	D,	Implant
replacement	of	both	teeth.	(Courtesy	Dr	5.	Angha,	University	of	California,	Los	Angeles.)	A	tooth	with	a	post	that	has	undergone	endodontic	treatment	is	more	likely	to	fracture	when	serving	as	a	distal	abutment	supporting	a	distal	removable	partial	denture.	Additionally,	special	oral	hygiene	measures	must	be	instituted	in	these	areas.	Strategic
Importance	of	the	Tooth	In	dealing	with	a	tooth	with	a	questionable	prognosis,	the	chances	of	successful	treatment	should	be	weighed	against	any	benefits	that	would	accrue	to	the	adjacent	teeth	if	the	tooth	under	consideration	were	extracted.	Strategic	extraction	of	teeth	was	first	proposed	as	a	means	of	improving	the	overall	prognosis	of	adjacent
teeth	and/or	enhancing	the	prosthetic	treatment	plan.	It	has	now	been	expanded	to	include	the	extraction	of	teeth	with	a	questionable	prognosis	to	enhance	the	likelihood	of	partial	restoration	of	the	bone	supporting	the	adjacent	teeth	(Fig.	28.9A-D)	or	successful	implant	placement.	With	the	growing	evidence	of	the	long-term	success	of	dental
implants,	it	is	proposed	that	a	"watch	and	wait"	approach	may	allow	an	area	to	deteriorate	to	the	point	that	placing	an	implant	is	no	longer	a	viable	option.	This	means	that	the	practitioner	should	weigh	the	potential	success	of	one	treatment	option	(extraction	and	implant	placement)	versus	the	other	(periodontal	therapy	and	maintenance)	carefully
when	assigning	a	prognosis	to	questionable	teeth.	Plaque	Control	Bacterial	plaque	is	the	primary	etiologic	factor	associated	with	periodontal	disease	(see	Chapter	9).	Therefore	effective	removal	of	plaque	on	a	daily	basis	by	the	patient	is	critical	to	the	success	of	periodontal	therapy	and	to	the	prognosis.	The	overall	prognosis	requires	a	general
consideration	of	bone	levels	(evaluated	radiographically)	and	attachment	levels	(determined	clinically)	to	establish	whether	enough	teeth	can	be	saved	either	to	provide	a	functional	and	aesthetic	dentition	or	to	serve	as	abutments	for	a	useful	prosthetic	replacement	of	the	missing	teeth.	At	this	point,	the	overall	prognosis	and	the	individual	tooth
prognosis	overlap	because	the	prognosis	for	key	individual	teeth	may	affect	the	overall	prognosis	for	prosthetic	rehabilitation.	For	example,	saving	or	losing	a	key	tooth	may	determine	whether	other	teeth	are	saved	or	extracted	or	whether	the	prosthesis	used	is	fixed	or	removable.	When	few	teeth	remain,	the	prosthodontic	needs	become	more
important,	and	sometimes	periodontally	treatable	teeth	may	have	to	be	extracted	if	they	are	not	compatible	with	the	design	of	the	prosthesis.	Reevaluation	of	Prognosis	After	Phase	I	Therapy	A	frank	reduction	in	pocket	depth	and	inflammation	after	phase	I	therapy	indicates	a	favorable	response	to	treatment	and	may	suggest	a	better	prognosis	than
previously	assumed.	If	the	inflammatory	changes	present	cannot	be	controlled	or	reduced	by	phase	I	therapy,	the	overall	prognosis	may	be	unfavorable.	In	these	patients,	the	prognosis	can	be	directly	related	to	the	severity	of	inflammation.	Given	two	patients	with	comparable	bone	destruction,	the	prognosis	may	be	better	for	the	patient	with	the
greater	degree	of	inflammation	because	a	larger	component	of	that	patient's	bone	destruction	may	be	attributable	to	local	irritants.	In	addition,	phase	I	therapy	allows	28	Determination	of	Prognosis	the	clinician	an	opportunity	to	work	with	the	patient	and	the	patient's	physician	to	control	systemic	and	environmental	factors	such	as	diabetes	and
smoking,	which	may	have	a	positive	effect	on	prognosis	if	adequately	controlled.	The	progression	of	periodontitis	generally	occurs	in	an	episodic	manner,	with	alternating	periods	of	quiescence	and	shorter	destructive	stages.	No	methods	are	available	at	present	to	determine	accurately	whether	a	given	lesion	is	in	a	stage	of	remission	or	exacerbation.
Advanced	lesions,	if	active,	may	progress	rapidly	to	a	hopeless	stage,	whereas	similar	lesions	in	a	quiescent	stage	may	be	maintainable	for	long	periods.	Phase	I	therapy	will,	at	least	temporarily,	transform	the	prognosis	of	the	patient	with	an	active	advanced	lesion,	and	the	lesion	should	be	reanalyzed	after	completion	of	phase	I	therapy.	SUGGESTED
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Does	Periodontal	Therapy	Accomplish?	The	effectiveness	of	periodontal	therapy	is	made	possible	by	the	remarkable	healing	capacity	of	the	periodontal	tissues.	Periodontal	therapy	can	restore	chronically	inflamed	gingiva	so	that,	from	a	clinical	and	structural	point	of	view,	it	is	almost	identical	with	gingiva	that	has	never	been	exposed	to	excessive
plaque	accumulation.	Properly	performed,	periodontal	treatment	can	eliminate	pain,	exudate,	gingival	inflammation,	and	bleeding.	It	can	also	reduce	periodontal	pockets,	eliminate	infection,	arrest	the	destruction	of	soft	tissue	and	bone,	and	reduce	abnormal	tooth	mobility	Other	benefits	are	to	establish	optimal	occlusal	function,	restore	tissue
destroyed	by	disease,	reestablish	physiologic	gingival	contour,	and	prevent	the	recurrence	of	disease,	which	will	all	help	to	maintain	the	natural	dentition	(Fig.	29.1).	Local	Therapy	The	cause	of	periodontitis	and	gingivitis	is	bacterial	plaque	accumulation	on	the	tooth	surface	close	to	the	gingival	tissue.	The	accumulation	of	plaque	can	be	favored	by	a
variety	of	local	factors,	such	as	calculus,	overhanging	margins	of	restorations,	and	food	impaction.	The	removal	of	plaque	and	all	of	the	factors	that	favor	its	accumulation	is	the	primary	goal	in	local	therapy.	Abnormal	forces	on	the	tooth	can	increase	tooth	mobility	The	thorough	elimination	of	plaque	and	the	prevention	of	its	formation	can	help
maintain	periodontal	health	even	if	traumatic	forces	are	allowed	to	persist.	However,	the	elimination	of	trauma	may	increase	the	chances	for	bone	regeneration	and	the	gain	of	attachment.	Although	this	point	is	not	widely	accepted,	it	appears	that	creating	occlusal	relationships	that	are	more	tolerable	to	the	periodontal	tissues	increases	the	margin	of
safety	of	the	periodontium	to	the	buildup	of	plaque,	in	addition	to	reducing	tooth	mobility	It	should	be	remembered	that	total	plaque	elimination	as	obtained	in	experimental	studies	may	not	be	possible	in	human	subjects.	Systemic	Therapy	Systemic	therapy	may	be	employed	as	an	adjunct	to	local	measures	for	specific	purposes	such	as	controlling
systemic	complications	from	acute	infections	or	chemotherapy	and	preventing	harmful	effects	of	post	treatment	bacteremia.	The	control	of	systemic	diseases	that	aggravate	the	patient's	periodontal	condition	is	always	a	consideration,	so	proper	precautions	can	be	instituted	during	therapy	Systemic	therapy	for	treatment	of	the	periodontal	condition	in
conjunction	with	local	therapy	is	indicated	in	patients	with	aggressive	periodontitis.	In	these	diseases,	systemic	antibiotics	are	used	to	eliminate	the	bacteria	that	invade	the	gingival	tissues	and	can	repopulate	the	pocket	after	scaling	and	root	planing.	In	addition,	periodontal	manifestations	of	systemic	diseases	are	treated	primarily	by	other	local
measures.	In	the	late	20th	century,	the	concept	of	host	modulation	was	introduced	as	a	medical	approach	to	periodontal	treatment.	The	classic	1979	paper	by	Nyman,	Schroeder,	and	Lindhe	reported	that	it	was	possible	to	block	periodontal	bone	loss	in	animals	with	the	aspirin-like	drug	indomethacin.	Evidence	was	then	presented	that	some
nonsteroidal	antiinflammatory	drugs	(NSAIDs),	such	as	flurbiprofen	and	ibuprofen,	can	reduce	the	development	of	experimental	gingivitis,	as	well	as	the	loss	of	alveolar	bone	in	periodontitis.	These	drugs	are	propionic	acid	derivatives	and	act	by	inhibiting	the	cyclooxygenase	pathway	of	arachidonic	acid	metabolism,	thereby	reducing	prostaglandin
formation.	These	NSAIDs	can	be	administered	by	mouth	or	applied	topically	327	328	PART	2	Clinical	Periodontics	Treatment	procedures	Clinical	results	Elimination	of	gingival	inflammation	Epithelium:	Restore	surface	continuity	...J	Local	p===;,	l	.	I	T	i	s	s	u	e	Connective	tissue:	Attach	bone	to	cementum	and	establish	bone	height	=	Cessation	of
gingival	bleeding	Reduction	of	abnormal	tooth	mobility	I	Establishment	of	optimal	occlusal	relationships	L__	Systemic	as	required	J	r	e	s	p	,-------	I	Bone:	Restore	balance	between	formation	and	resorption	0	n	s	e	I	I	-,	-	Cementum:	Attach	periodontal	fibers	I	Elimination	of	periodontal	pockets	and	infection	Restoration	of	destroyed	periodontal	tissues	I	I
Cessation	of	pus	formation	Cessation	of	bone	loss	FIGURE	29.1	I	Restoration	of	physiologic	gingival	contour	Prevention	of	recurrence	Tissue	response	and	clinical	results	after	periodontal	treatment.	Another	drug	that	has	a	strong	inhibitory	effect	on	bone	resorption	is	alendronate,	a	bisphosphonate,	which	is	currently	used	to	treat	metabolic	diseases
in	humans,	such	as	Paget	disease	or	hypercalcemia	of	malignancy,	which	result	in	bone	resorption.	Experimental	studies	in	monkeys	have	shown	that	alendronate	reduced	the	bone	loss	associated	with	periodontitis.	Host	modulation	is	still	in	its	experimental	stages,	and	protocols	for	its	clinical	use	have	not	been	established.	However,	current	studies
indicate	that	future	treatment	modalities	may	attempt	not	only	to	control	the	bacterial	cause	of	the	disease	but	also	to	suppress	the	self-destructive	components	of	the	host	inflammatory	response.	Factors	That	Affect	Healing	In	the	periodontium,	as	elsewhere	in	the	body,	healing	is	affected	by	local	and	systemic	factors.	corrected	before	or	during
local	procedures.	However,	local	factors,	particularly	plaque	microorganisms,	are	the	most	common	deterrents	to	healing	after	periodontal	treatment.	Healing	is	also	delayed	by	(1)	excessive	tissue	manipulation	during	treatment,	(2)	trauma	to	the	tissues,	(3)	the	presence	of	foreign	bodies,	and	(	4)	repetitive	treatment	procedures	that	disrupt	the
orderly	cellular	activity	in	the	healing	process.	An	adequate	blood	supply	is	needed	for	the	increased	cellular	activity	during	healing.	If	the	blood	supply	is	impaired	or	insufficient,	areas	of	necrosis	will	develop	and	delay	the	healing	process.	Healing	is	improved	by	debridement	(removal	of	degenerated	and	necrotic	tissue),	immobilization	of	the
healing	area,	and	pressure	on	the	wound.	The	cellular	activity	in	healing	entails	an	increase	in	oxygen	consumption,	but	healing	of	the	gingiva	is	not	accelerated	by	artificially	increasing	the	oxygen	supply	beyond	the	normal	requirements.	Local	Factors	Systemic	Factors	Systemic	conditions	that	impair	healing	may	reduce	the	effectiveness	of	local
periodontal	treatment	and	should	be	The	effects	of	systemic	conditions	on	healing	have	been	extensively	documented	in	animal	experiments	but	are	less	clearly	29	Rationale	for	Periodontal	Treatment	and	Treatment	Plan	defined	in	humans.	Healing	capacity	diminishes	with	age,	probably	because	of	the	atherosclerotic	vascular	changes	common	in
aging	and	the	resulting	reduction	in	blood	circulation.	Healing	is	delayed	in	patients	with	generalized	infections	and	in	those	with	diabetes	and	other	debilitating	diseases.	Healing	is	impaired	by	insufficient	food	intake;	bodily	conditions	that	interfere	with	the	use	of	nutrients;	and	deficiencies	in	vitamin	C,	proteins,	and	other	nutrients.	However,	the
nutrient	requirements	of	the	healing	tissues	in	minor	wounds,	such	as	those	created	by	periodontal	surgical	procedures,	are	usually	satisfied	by	a	well-balanced	diet.	Healing	is	also	affected	by	hormones.	Systemically	administered	glucocorticoids	such	as	cortisone	hinder	repair	by	depressing	the	inflammatory	reaction	or	by	inhibiting	the	growth	of
fibroblasts,	the	production	of	collagen,	and	the	formation	of	endothelial	cells.	Systemic	stress,	thyroidectomy,	testosterone,	adrenocorticotropic	hormone	(ACTH),	and	large	doses	of	estrogen	suppress	the	formation	of	granulation	tissue	and	impair	healing.	Progesterone	increases	and	accelerates	the	vascularization	of	immature	granulation	tissue	and
appears	to	increase	the	susceptibility	of	the	gingiva	to	mechanical	injury	by	causing	dilation	of	the	marginal	vessels.	Healing	After	Periodontal	Therapy	The	basic	healing	processes	are	the	same	after	all	forms	of	periodontal	therapy	These	processes	consist	of	the	removal	of	degenerated	tissue	debris	and	the	replacement	of	tissues	destroyed	by
disease.	This	implies	regeneration	and	repair	of	the	periodontal	structures	but	not	necessarily	a	gain	in	attachment.	Techniques	to	gain	attachment	and	bone	level	are	discussed	in	the	sections	on	new	attachment	and	periodontal	reconstruction.	Regeneration	Regeneration	is	the	natural	renewal	of	a	structure,	produced	by	growth	and	differentiation	of
new	cells	and	intercellular	substances	to	form	new	tissues	or	parts.	Regeneration	occurs	through	growth	from	the	same	type	of	tissue	that	has	been	destroyed	or	from	its	precursor.	In	the	periodontium,	gingival	epithelium	is	replaced	by	epithelium,	and	the	underlying	connective	tissue	and	periodontal	ligament	are	derived	from	connective	tissue.
Bone	and	cementum	are	replaced	by	connective	tissue,	which	is	the	precursor	of	both.	Undifferentiated	connective	tissue	cells	develop	into	osteoblasts	and	cementoblasts,	which	form	bone	and	cementum.	Regeneration	of	the	periodontium	is	a	continuous	physiologic	process.	Under	normal	conditions,	new	cells	and	tissues	are	constantly	being	formed
to	replace	those	that	mature	and	die;	this	is	termed	wear	and	tear	repair.	It	is	manifested	by	(1)	mitotic	activity	in	the	epithelium	of	the	gingiva	and	the	connective	tissue	of	the	periodontal	ligament,	(2)	the	formation	of	new	bone,	and	(3)	the	continuous	deposition	of	cementum.	Regeneration	is	occurring	even	during	destructive	periodontal	disease.
Most	gingival	and	periodontal	diseases	are	chronic	inflammatory	processes	and	as	such	are	healing	lesions.	Regeneration	is	a	part	of	healing.	However,	bacteria	and	bacterial	products	that	perpetuate	the	disease	process,	along	with	the	resulting	inflammatory	exudate,	are	injurious	to	the	regenerating	cells	and	tissues,	thus	preventing	completion	of
the	healing	process.	By	removing	bacterial	plaque	and	creating	the	conditions	to	prevent	its	new	formation,	periodontal	treatment	removes	the	obstacles	to	regeneration	and	enables	the	patient	to	benefit	329	~	(A)	(B)	FIGURE	29.2	Two	possible	outcomes	of	pocket	elimination.	A,	Periodontal	pocket	before	treatment.	B,	Normal	sulcus	reestablished	at
the	level	of	the	base	of	the	pocket.	C,	Periodontium	restored	on	the	root	surface	previously	denuded	by	disease;	this	is	called	new	attachment.	Shaded	areas	show	denudation	caused	by	periodontal	disease.	from	the	inherent	regenerative	capacity	of	the	tissues.	A	brief	"spurt"	in	regenerative	activity	occurs	immediately	after	periodontal	treatment,	but
no	local	treatment	procedures	promote	or	accelerate	regeneration.	Repair	Repair	simply	restores	the	continuity	of	the	diseased	marginal	gingiva	and	reestablishes	a	normal	gingival	sulcus	at	the	same	level	on	the	root	as	the	base	of	the	preexisting	periodontal	pocket	(Fig.	29	2B)	This	process,	called	healing	by	scar,	arrests	bone	destruction	but	does
not	result	in	gain	of	gingival	attachment	or	bone	height.	This	return	of	the	destroyed	periodontium	to	health	involves	regeneration	and	mobilization	of	epithelial	and	connective	tissue	cells	into	the	damaged	area	and	increased	local	mitotic	divisions	to	provide	sufficient	numbers	of	cells	(Fig.	29	3).	FIGURE	29.3	Sources	of	regenerating	cells	in	the
healing	stages	of	a	periodontal	pocket.	Left,	lntrabony	pocket.	Right,	After	therapy	the	clot	formed	is	invaded	by	cells	from,	A,	the	marginal	epithelium;	8,	the	gingival	connective	tissue;	C	the	bone	marrow;	and,	0,	the	periodontal	ligament.	330	PART	2	Clinical	Periodontics	For	the	diseased	gingiva	and	attachment	apparatus	to	regain	(totally	or
partially)	their	level	on	the	root	(Fig.	29	2C),	therapy	must	include	special	materials	and	techniques.	If	these	are	not	used	or	are	not	successful,	tissues	undergo	repair	only,	which	involves	regeneration	of	tissue	to	remodel	the	attachment	apparatus	but	does	not	include	regaining	attachment	level	or	new	bone	height.	For	this	reason,	we	prefer	to	use
the	term	reconstruction	of	the	periodontium	to	refer	to	the	crucial	therapeutic	techniques	that	seek	to	rebuild	the	periodontium	and	result	in	a	significant	gain	of	attachment	and	bone	height.	New	Attachment	New	attachment	is	the	embedding	of	new	periodontal	ligament	fibers	into	new	cementum	and	the	attachment	of	the	gingival	epithelium	to	a
tooth	surface	previously	denuded	by	disease.	The	critical	phrase	in	this	definition	is	"tooth	surface	previously	denuded	by	disease"	(Fig.	29.4,	area	B)	The	attachment	of	the	gingiva	or	the	periodontal	ligament	to	areas	of	the	tooth	from	which	they	have	been	removed	in	the	course	of	treatment	(or	during	preparation	of	teeth	for	restorations)	represents
simple	healing	or	reattachment	of	the	periodontium,	not	new	attachment.	The	term	reattachment	refers	to	repair	in	areas	of	the	root	not	previously	exposed	to	the	pocket	such	as	after	surgical	detachment	of	the	tissues	or	following	traumatic	tears	in	the	cementum,	tooth	fractures,	or	the	treatment	of	periapical	lesions	(Fig.	29.4,	area	D)	Epithelial
adaptation	differs	from	new	attachment	in	that	it	is	the	close	apposition	of	the	gingival	epithelium	to	the	tooth	surface,	with	no	gain	in	height	of	gingival	fiber	attachment.	The	pocket	is	not	completely	obliterated	although	it	may	not	permit	passage	of	a	probe	(Fig.	29	5)	However,	studies	have	shown	that	these	deep	sulci	lined	by	long,	thin	epithelium
may	be	as	resistant	to	disease	as	true	connective	tissue	attachments.	The	absence	of	bleeding	or	secretion	on	probing,	the	absence	of	clinically	visible	inflammation,	and	the	absence	of	stainable	plaque	on	the	root	surface	when	the	pocket	wall	is	deflected	from	the	tooth	may	indicate	FIGURE	29.4	Enamel	surface	(A).	Area	of	cementum	denuded	by
pocket	formation	(8).	Area	of	cementum	covered	by	junctional	epithelium	(C).	Area	of	cementum	apical	to	junctional	epithelium	(0).	The	term	new	attachment	refers	to	a	new	junctional	epithelium	and	attached	connective	tissue	fibers	formed	on	area	8.	(A)	(B)	FIGURE	29.5	Epithelial	adaptation	after	periodontal	treatment.	A,	Periodontal	pocket.	B,
After	treatment.	The	pocket	epithelium	is	closely	adapted	to	but	not	attached	to	the	root.	that	the	"deep	sulcus"	persists	in	an	inactive	state,	causing	no	further	loss	of	attachment.	A	post	therapy	depth	of	4	mm	or	even	5	mm	may	therefore	be	acceptable	in	these	cases.	Periodontal	Reconstruction	As	previously	discussed,	the	term	periodontal
reconstruction	refers	to	the	process	of	regeneration	of	cells	and	fibers	and	remodeling	of	the	lost	periodontal	structures	that	results	in	(1)	gain	of	attachment	level,	(2)	formation	of	new	periodontal	ligament	fibers,	and	(3)	a	level	of	alveolar	bone	significantly	coronal	to	that	present	before	treatment.	A	technique	to	attain	these	ideal	results	has	been	a
constant	but	elusive	goal	of	periodontal	therapy	for	centuries.	Since	the	1970s,	renewed	laboratory	and	clinical	research	efforts	have	resulted	in	new	concepts	and	techniques	that	have	moved	us	much	closer	to	attaining	this	ideal	result	of	therapy	Melcher	pointed	out	that	the	regeneration	of	the	periodontal	ligament	is	the	key	to	periodontal
reconstruction	because	it	"provides	continuity	between	the	alveolar	bone	and	the	cementum	and	also	because	it	contains	cells	that	can	synthesize	and	remodel	the	three	connective	tissues	of	the	alveolar	part	of	the	periodontium."	During	the	healing	stages	of	a	periodontal	pocket,	the	area	is	invaded	by	cells	from	four	different	sources	(Fig.	29.3):	oral
epithelium,	gingival	connective	tissue,	bone,	and	periodontal	ligament.	The	final	outcome	of	periodontal	pocket	healing	depends	on	the	sequence	of	events	during	the	healing	stages.	If	the	epithelium	proliferates	along	the	tooth	surface	before	the	other	tissues	reach	the	area,	the	result	will	be	a	long	junctional	epithelium.	If	the	cells	from	the	gingival
connective	tissue	are	the	first	to	populate	the	area,	the	result	will	be	fibers	parallel	to	the	tooth	surface	and	remodeling	of	the	alveolar	bone	with	no	attachment	to	the	cementum.	If	bone	cells	arrive	first,	root	resorption	and	ankylosis	may	occur.	Finally,	only	when	cells	from	the	periodontal	ligament	proliferate	coronally,	there	is	new	formation	of
cementum	and	periodontal	ligament.	Several	methods,	based	on	different	concepts	and	resulting	in	various	techniques,	have	been	recommended	to	improve	the	likelihood	of	gaining	new	attachment	and	increased	bone	levels.	29	Rationale	for	Periodontal	Treatment	and	Treatment	Plan	331	The	Treatment	Plan	After	the	diagnosis	and	prognosis	have
been	established,	the	treatment	is	planned.	The	plan	should	encompass	short-	and	long-term	goals.	The	short-term	goals	are	the	elimination	of	all	infectious	and	inflammc	state	of	health.	This	may	require	periodontal	procedures,	as	well	as	other	dental	therapy,	such	as	endodontics	and	correcting	oral	mucous	membrane	pathology.	Referral	to	other
dental	and	medical	specialties	will	be	necessary.	From	a	periodontal	viewpoint,	the	short-term	goals	are	important,	since	they	consist	of	the	elimination	of	gingival	inflammation	and	correction	of	the	conditions	that	cause	and	perpetuate	it.	These	include	not	only	elimination	of	root	accretions	but	also	pocket	eradication	or	reduction	and	establishment
of	good	gingival	contours	and	mucogingival	relationships	conducive	to	good	periodontal	health.	Restoration	of	carious	areas	and	the	correction	of	poor	existing	restorations	may	also	be	necessary.	The	long-term	goals	are	the	reconstruction	of	a	healthy	dentition	that	fulfills	all	functional	and	esthetic	requirements.	Long-term	planning	involves
consideration	of	prosthetic	reconstruction	of	the	dentition,	which	may	require	implant	therapy,	including	surgical	preparation	of	the	implant	site.	Also,	the	need	for	orthodontic	treatment	should	be	evaluated.	The	financial	impact	of	long-term	treatment	requires	careful	consideration	and	understanding	by	the	patient.	The	age	and	medical	health	status
of	the	patient	must	also	be	considered.	The	treatment	plan	is	the	blueprint	for	case	management.	It	includes	all	procedures	required	for	the	establishment	and	maintenance	of	oral	health.	It	should	be	orderly	but	at	the	same	time	flexible	as	it	is	difficult	to	determine	at	times	how	the	teeth	respond	to	therapy.	The	whole	success	of	the	treatment	should
not	depend	upon	the	response	of	one	or	two	teeth.	Planning	treatment	involves	the	following	decisions:	•	Need	for	emergency	treatment	(pain,	acute	infections)	•	Teeth	that	will	require	removal	•	Periodontal	pocket	therapy	techniques	(surgical	or	nonsurgical)	•	Endodontic	therapy	•	The	need	for	occlusal	correction,	including	orthodontic	therapy	•
The	use	of	implant	therapy	•	The	need	for	caries	removal	and	the	placement	of	temporary	and	final	restorations	•	Prosthetic	replacements	that	may	be	needed	and	which	teeth	will	be	abutments	if	a	fixed	prosthesis	is	used	•	Decisions	regarding	esthetic	considerations	in	periodontal	therapy	•	Sequence	of	therapy	Unforeseen	developments	during
treatment	may	necessitate	modification	of	the	initial	treatment	plan.	However,	except	for	emergencies,	no	therapy	should	be	initiated	until	a	treatment	plan	has	been	established.	Master	Plan	for	Total	Treatment	The	aim	of	the	treatment	plan	is	total	treatment,	that	is,	the	coordination	of	all	the	short-	and	long-term	goals	for	the	purpose	of	creating	a
well-functioning	dentition	in	a	healthy	periodontal	environment.	The	master	plan	of	periodontal	treatment	encompasses	different	areas	of	therapeutic	objectives	for	each	patient	according	to	his	or	her	needs.	It	is	based	on	the	diagnosis,	disease	severity,	risk	factors,	and	other	factors	outlined	in	previous	chapters.	Extracting	or	Preserving	a	Tooth
Periodontal	treatment	requires	long-range	planning.	Its	value	to	the	patient	is	measured	in	years	of	healthy	functioning	of	the	entire	dentition	and	not	by	the	number	of	teeth	retained	at	the	time	of	treatment.	Treatment	is	directed	to	establishing	and	maintaining	the	health	of	the	periodontium	throughout	the	mouth	rather	than	attempting	spectacular
effarts	to	"tighten	loose	teeth."	In	the	past	two	decades,	implant	replacement	of	missing	teeth	has	become	a	predictable	course	of	therapy.	Therefore	attempts	to	save	questionable	teeth	may	jeopardize	adjacent	teeth	and	may	lead	to	the	loss	of	bone	needed	for	implant	therapy.	Teeth	on	the	borderline	of	a	hopeless	prognosis	do	not	contribute	to	the
overall	usefulness	of	the	dentition.	Such	teeth	become	sources	of	recurrent	problem	to	the	patient	and	detract	from	the	value	of	the	greater	service	rendered	by	the	establishment	of	periodontal	health	in	the	remainder	of	the	oral	cavity.	Removal,	retention,	or	temporary	(interim)	retention	of	one	or	more	teeth	is	a	very	important	part	of	the	overall
treatment	plan.	A	tooth	should	be	extracted	under	the	following	conditions:	•	It	is	so	mobile	that	function	becomes	painful.	•	It	can	cause	acute	abscesses	during	therapy.	•	There	is	no	use	for	it	in	the	overall	treatment	plan.	In	some	cases,	a	tooth	can	be	retained	temporarily,	postponing	the	decision	to	extract	until	after	treatment	is	completed.	A
tooth	in	this	category	can	be	retained	under	the	following	conditions:	•	It	maintains	posterior	stops;	the	tooth	can	be	removed	after	treatment	when	it	can	be	replaced	by	an	implant	or	another	type	of	prosthesis.	•	It	maintains	posterior	stops	and	may	be	functional	after	implant	placement	in	adjacent	areas.	When	the	implant	is	restored,	these	teeth
can	be	extracted.	•	In	the	anterior	esthetic	zone,	a	tooth	can	be	retained	during	periodontal	therapy	and	removed	when	treatment	is	completed	and	a	permanent	restorative	procedure	can	be	performed.	The	retention	of	this	tooth	should	not	jeopardize	the	adjacent	teeth.	This	approach	avoids	the	need	for	temporary	appliances	during	therapy.	•
Extraction	of	hopeless	teeth	can	also	be	performed	during	periodontal	surgery	of	the	adjacent	teeth.	This	approach	reduces	the	number	of	appointments	needed	for	surgery	in	the	same	area.	In	the	formulation	of	the	treatment	plan,	in	addition	to	the	proper	function	of	the	dentition,	esthetic	considerations	play	an	important	role.	Different	patients
value	esthetics	differently	according	to	their	age,	gender,	profession,	and	social	status.	The	clinician	should	carefully	evaluate	and	consider	a	final	esthetic	outcome	of	treatment	that	will	be	acceptable	to	the	patient	without	jeopardizing	the	basic	need	of	attaining	health.	332	PART	2	Clinical	Periodontics	With	the	predictable	use	of	implants,
questionable	teeth	should	be	carefully	evaluated	as	to	whether	their	removal	and	replacement	with	an	implant	may	be	a	better	and	more	satisfactory	course	of	therapy.	In	complex	cases,	interdisciplinary	consultation	with	other	specialty	areas	is	necessary	before	a	final	plan	can	be	made.	The	opinion	of	orthodontists	and	prosthodontists	is	especially
important	for	the	final	decision	in	these	patients.	Occlusal	evaluation	and	therapy	may	be	necessary	during	treatment,	which	may	necessitate	planning	for	occlusal	adjustment,	orthodontics,	and	splinting.	The	correction	of	bruxism	and	other	occlusal	habits	may	also	be	necessary.	Systemic	conditions	should	be	carefully	evaluated	because	they	may
require	special	precautions	during	the	course	of	periodontal	treatment.	The	tissue	response	to	treatment	procedures	may	be	affected,	or	the	preservation	of	periodontal	health	may	be	threatened	after	treatment	is	completed.	The	patient's	physician	should	always	be	consulted	when	the	patient	presents	with	medical	and	systemic	problems	that	may
affect	the	periodontal	therapy.	Supportive	periodontal	care	is	also	of	paramount	importance	for	case	maintenance.	Such	care	entails	all	procedures	for	maintaining	periodontal	health	after	it	has	been	attained.	It	consists	of	instruction	in	oral	hygiene	and	recall	therapy	at	regular	intervals	according	to	the	patient's	needs.	Sequence	of	Therapeutic
Procedures	Periodontal	therapy	is	an	inseparable	part	of	dental	therapy.	The	list	of	procedures	presented	in	Box	29.1	includes	periodontal	procedures	(in	italics)	and	other	procedures	not	considered	to	be	within	the	province	of	the	periodontist.	These	procedures	are	listed	together	in	to	emphasize	the	close	relationship	of	periodontal	therapy	with
other	phases	of	therapy	performed	by	general	dentists	or	other	specialists.	The	sequence	in	which	these	phases	of	therapy	are	performed	may	vary	to	some	extent	in	response	to	the	requirements	of	the	case.	However,	the	preferred	sequence,	which	covers	the	vast	majority	of	cases,	is	shown	in	Fig.	29.6.	Although	the	phases	of	treatment	have	been
numbered,	the	recommended	sequence	does	not	follow	the	numbers.	Phase	I,	or	the	nonsurgical	phase,	is	directed	to	the	elimination	of	the	etiologic	factors	of	gingival	and	periodontal	diseases.	When	successfully	performed,	this	phase	stops	the	progression	of	dental	and	periodontal	disease.	Immediately	after	completion	of	phase	I	therapy,	the	patient
should	be	placed	on	the	maintenance	phase	(phase	IV)	to	preserve	the	results	obtained	and	prevent	any	further	deterioration	and	recurrence	of	disease.	While	on	the	maintenance	phase,	with	its	periodic	evaluation,	the	patient	enters	into	the	surgical	phase	(phase	II)	and	the	restorative	phase	(phase	Ill)	of	treatment.	These	phases	include	periodontal
surgery	to	treat	and	improve	the	condition	of	the	periodontal	and	surrounding	tissues.	This	may	include	regeneration	of	the	gingiva	and	bone	for	function	and	esthetics,	placement	of	implants,	and	restorative	therapy.	Explaining	Treatment	Plan	to	the	Patient	The	following	discussion	includes	suggestions	for	explaining	the	treatment	plan	to	the
patient:	PRELIMINARY	PHASE	Treatment	of	emergencies:	•	Dental	or	periapical	•	Periodontal	•	Other	Extraction	of	hopeless	teeth	and	provisional	replacement	if	needed	(may	be	postponed	to	a	more	convenient	time)	NONSURGICAL	PHASE	(PHASE	I	THERAPY)	Plaque	control	and	patient	education:	•	Diet	control	(in	patients	with	rampant	caries)	•
Removal	of	calculus	and	root	planing	•	Correction	of	restorative	and	prosthetic	irritational	factors	•	Excavation	of	caries	and	restoration	(temporary	or	final,	depending	on	whether	a	definitive	prognosis	for	the	tooth	has	been	determined	and	the	location	of	caries)	•	•	•	•	Antimicrobial	therapy	(local	or	systemic)	Occ/usal	therapy	Minor	orthodontic
movement	Provisional	splinting	and	prosthesis	EVALUATION	OF	RESPONSE	TO	NONSURGICAL	PHASE	Rechecking:	•	Pocket	depth	and	gingival	inflammation	•	Plaque	and	calculus,	caries	SURGICAL	PHASE	(PHASE	II	THERAPY)	•	Periodontal	therapy,	including	placement	of	implants	•	Endodontic	therapy	RESTORATIVE	PHASE	(PHASE	Ill
THERAPY)	•	Final	restorations	•	Fixed	and	removable	prosthodontic	appliances	•	Eva	I	uation	of	response	to	restorative	procedures	•	Periodontal	examination	MAINTENANCE	PHASE	(PHASE	IV	THERAPY)	Periodic	rechecking:	•	•	•	•	Plaque	and	calculus	Gingival	condition	(pockets,	inflammation)	Occlusion,	tooth	mobility	Other	pathologic	changes
Periodontal	procedures	are	in	italics.	Emergency	phase	t	Nonsurgical	phase	Maintenance	phase	Surgical	phase	FIGURE	29.6	Restorative	phase	Preferred	sequence	of	periodontal	therapy.	29	Rationale	for	Periodontal	Treatment	and	Treatment	Plan	Be	specific.	Tell	your	patient,	"You	have	gingivitis"	or	"You	have	periodontitis,"	then	explain	exactly
what	these	conditions	are.	Avoid	vague	statements.	Do	not	use	statements	such	as	"You	have	trouble	with	your	gums"	or	"Something	should	be	done	about	your	gums."	Patients	may	not	understand	the	significance	of	such	statements	and	may	disregard	them.	Begin	your	discussion	on	a	positive	note.	Talk	about	the	teeth	that	can	be	retained	and	the
long-term	service	they	can	be	expected	to	render.	Do	not	begin	your	discussion	with	the	statement,	"The	following	teeth	have	to	be	extracted."	This	creates	a	negative	impression,	which	adds	to	the	erroneous	attitude	of	hopelessness	the	patient	already	may	have	regarding	his	or	her	mouth.	Make	it	clear	that	every	effort	will	be	made	to	retain	as	many
teeth	as	possible,	but	do	not	dwell	on	the	patient's	loose	teeth.	Emphasize	that	the	important	purpose	of	the	treatment	is	to	prevent	the	other	teeth	from	becoming	as	severely	diseased	as	the	loose	teeth.	Present	the	entire	treatment	plan	as	a	unit.	Avoid	creating	the	impression	that	treatment	consists	of	separate	procedures,	some	or	all	of	which	may
be	selected	by	the	patient.	Make	it	clear	that	dental	restorations	and	prostheses	contribute	as	much	to	the	health	of	the	gingiva	as	the	elimination	of	inflammation	and	periodontal	pockets.	Do	not	speak	in	terms	of	"having	the	gums	treated	and	then	taking	care	of	the	necessary	restorations	later"	as	if	these	were	unrelated	treatments.	Patients	often
seek	guidance	from	the	dentist	with	questions	such	as	the	following:	•	"Are	my	teeth	worth	treating?"	•	"Would	you	have	them	treated	if	you	had	my	problem?"	•	"Why	don't	I	just	go	along	the	way	I	am	until	the	teeth	really	bother	me	and	then	have	them	all	extracted?"	Explain	that	"doing	nothing"	or	holding	onto	hopelessly	diseased	teeth	as	long	as
possible	is	inadvisable	for	the	following	reasons:	1.	Periodontal	disease	is	a	microbial	infection,	and	research	has	clearly	shown	it	to	be	an	important	risk	factor	for	severe	life-threatening	diseases	such	as	stroke,	cardiovascular	disease,	pulmonary	disease,	and	diabetes,	as	well	as	for	premature	low-birth-weight	babies	in	women	of	childbearing	age.
Correcting	the	periodontal	condition	eliminates	a	333	serious	potential	risk	of	systemic	disease,	which	in	some	cases	ranks	as	high	on	the	danger	list	as	smoking.	2.	It	is	not	feasible	to	place	restorations	or	fixed	bridges	on	teeth	with	untreated	periodontal	disease	because	the	usefulness	of	the	restoration	would	be	limited	by	the	uncertain	condition	of
the	supporting	structures.	3.	Failure	to	eliminate	periodontal	disease	not	only	results	in	the	loss	of	teeth	already	severely	involved	but	also	shortens	the	life	span	of	other	teeth.	With	proper	treatment,	these	teeth	can	serve	as	the	foundation	for	a	healthy,	functioning	dentition.	Therefore	the	dentist	should	make	it	clear	to	the	patient	that	if	the
periodontal	condition	is	treatable,	the	best	results	are	obtained	by	prompt	treatment.	If	the	condition	is	not	treatable,	the	teeth	should	be	extracted.	It	is	the	dentist's	responsibility	to	advise	the	patient	of	the	importance	of	periodontal	treatment.	However,	if	treatment	is	to	be	successful,	the	patient	must	be	sufficiently	interested	in	retaining	his	or	her
natural	teeth	and	to	maintain	the	necessary	oral	hygiene.	Individuals	who	are	not	particularly	perturbed	by	the	thought	of	losing	their	teeth	are	generally	not	good	candidates	for	periodontal	treatment.	SUGGESTED	READINGS	Beaumont	RH,	O'Leary	TJ,	Kafrawy	AH:	Relative	resistance	oflongjunctional	epithelial	adhesions	and	connective	tissue
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Treatment	of	Medically	Compromised	Patients	PR	Klokkevold	•	BL	Mealey	•	J	Otomo-Corgel	•	CD	Dwarakanath	Chapter	Outline	Cardiovascular	Diseases	Endocrine	Disorders	Hemorrhagic	Disorders	Renal	Diseases	Liver	Diseases	Pulmonary	Diseases	Medications	and	Cancer	Therapies	Pregnancy	Infectious	Diseases	The	average	life	span	of	human
beings	has	increased	worldwide	and	consequently,	the	number	of	elderly	patients	requiring	dental	and	periodontal	management	has	also	increased.	Many	of	these	patients	are	likely	to	have	one	or	more	systemic	problems.	The	changing	life	style	today	has	resulted	in	even	younger	patients	suffering	from	chronic	diseases,	such	as	diabetes	mellitus,
hypertension,	and	other	cardiovascular	diseases.	Therefore	it	is	the	responsibility	of	the	clinician	to	identify	the	patient's	medical	problem	and	formulate	a	proper	management	plan.	Failure	to	do	this	results	in	serious	complications.	It	is	reiterated	here	that	the	dental	practitioners	should	meticulously	obtain	the	medical	history	of	the	patient.	Further
it	is	also	the	responsibility	of	the	clinician	to	be	familiar	with	the	current	understanding	of	the	various	medical	disorders,	their	management,	and	the	recommendations	provided	by	the	concerned	authorities	from	time	to	time.	This	chapter	provides	a	broad	outline	of	the	periodontal	management	of	the	patient	with	some	common	systemic	problems.
Coordination	with	the	patient's	physician	or	referral	to	an	appropriate	medical	consultant	is	mandatory,	which	greatly	helps	in	avoiding	potential	medicolegal	problems.	Cardiovascular	Diseases	The	incidence	and	prevalence	of	cardiovascular	diseases	are	increasing	rapidly	even	in	younger	patients,	and	next	to	malignancy,	are	the	most	common	cause
of	death	in	many	countries	around	the	world.	These	disorders	include	hypertension,	ischemic	heart	disease,	previous	cardiac	bypass	surgery,	congestive	cardiac	failure	(CCF),	infective	endocarditis,	and	presence	of	cardiac	pacemakers,	defibrillators,	and	so	on.	Hypertension	Hypertension	is	a	silent	killer	and	is	undiagnosed	in	many	patients.	Hence	it
is	recommended	that	every	patient	above	the	age	of	30	years	be	checked	for	increased	blood	pressure	in	dental	office.	If	there	is	any	discrepancy,	the	patient	should	be	referred	to	a	physician.	For	a	patient	with	a	previously	diagnosed	hypertension,	the	clinician	should	assess	whether	it	is	controlled	or	not	and	the	type	of	medication	that	the	patient	is
taking.	It	is	well	established	that	calcium-channel	blockers,	such	as	nifidepine,	amlodipine,	diltiazem,	etc,	cause	gingival	overgrowth.	Nausea,	sedation,	oral	dryness,	and	lichenoiddrug	reactions	are	the	other	adverse	effects	with	certain	classes	of	antihypertensive	agents.	Hypertension	is	divided	into	primary	and	secondary	types.	Primary	(essential)
hypertension	occurs	when	no	underlying	pathologic	abnormality	can	be	found	to	explain	the	disease.	Approximately	95%	of	all	hypertensive	patients	have	primary	hypertension	(Table	30.1).	The	remaining	5%	have	secondary	hypertension	in	which	an	underlying	etiology	can	be	found	and	often	treated.	Examples	of	the	conditions	responsible	for
secondary	hypertension	are	renal	disease,	endocrinologic	changes,	and	neurogenic	disorders.	Regardless	of	the	type	of	hypertension,	the	following	guidelines	should	govern	the	periodontal	management:	1.	Consult	the	physician	clearly	explaining	the	nature	of	periodontal	therapy.	2.	Schedule	the	appointments	preferably	in	the	afternoons.	3.	Check
the	blood	pressure	before	starting	the	treatment.	4.	No	treatment	should	be	provided	if	the	systolic	BP	is	greater	than	180	mmHg	and/or	the	diastolic	BP	is	higher	than	110	mmHg.	5.	Use	local	anesthetics	with	an	adrenaline	(epinephrine)	concentration	of	1:	100000	or	less.	Use	of	anesthetic	solutions	without	adrenaline,	as	was	done	in	the	past,	is	not
recommended	since	the	management	of	pain	and	bleeding	is	far	more	vital	to	prevent	endogenous	secretion	of	adrenaline.	Aspirate	before	injection	to	prevent	depositing	into	a	blood	vessel.	337	338	PART	2	Clinical	Periodontics	TABLE	30.1	CLASSIFICATION	OF	ADULT	BLOOD	PRESSURE	(BP)	Classification	Normal	Prehypertension	Stage	1
hypertension	Stage	2	hypertension	Systolic	BP	(mmHg)	Diastolic	BP	(mmHg)	SnF2	>	ZnCl2.	In	vitro,	the	inhibitory	effect	was	HgC	12	=	CuCl2	=	CdCl2	>	ZnCl2	>	SnF2	>	SnCl2	>	PbCl2.	Compared	with	other	metal	ions,	Zn++	is	relatively	nontoxic	and	noncumulative	and	gives	no	visible	discoloration.	Thus,	Zrr"	has	been	one	of	the	most-studied
ingredients	for	the	control	of	oral	malodor.	Schmidt	and	Tarbet	already	reported	that	a	rinse	containing	zinc	chloride	was	remarkably	more	effective	than	a	saline	rinse	(or	no	treatment)	in	reducing	the	levels	of	both	VSCs	(±80%	reduction)	and	organoleptic	scores	(±40%	reduction)	for	3	h.	As	mentioned,	Halita,	a	rinse	containing	0.05%
chlorhexidine,	0.05%	CFC,	and	0.14%	zinc	lactate,	has	been	even	more	efficient	than	a	0.2%	chlorhexidine	formulation	in	reducing	the	VSC	levels	and	organoleptic	ratings.	The	special	effect	of	Halita	may	result	from	the	VSC	conversion	ability	of	zinc,	besides	its	antimicrobial	action.	The	combination	Zn:"	and	chlorhexidine	seems	to	act	synergistically.
Similar	observations	have	been	reported	for	a	CHX-free	mouthrinse.	The	addition	of	zinc	ions	to	a	basic	formulation	containing	amino	fluoride	and	stannous	fluoride	caused	a	short-	and	long-term	reduction	of	oral	malodor	indicators	in	volunteers	with	morning	bad	breath	as	well	as	in	volunteers	with	obvious	halitosis.	In	a	study	by	Hoshi	and	van
Steenberghe,	a	zinc	citrate/	triclosan	toothpaste	applied	to	the	tongue	dorsum	appeared	to	control	morning	breath	malodor	for	4	h.	If	the	flavor	oil	was	removed,	however,	the	antimalodor	efficacy	of	the	active	ingredients	decreased.	Another	clinical	study	reported	an	up	to	41	%	REFERENCES	References	for	this	chapter	are	found	on	the	companion
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Laser)	Page	left	intentionally	blank	41	Phase	II	Periodontal	Therapy	FA	Carranza	•	HH	Takei	•	CD	Dwarakanath	Chapter	Outline	Objectives	of	the	Surgical	Phase	Pocket	Elimination	Versus	Pocket	Maintenance	Reevaluation	after	Phase	I	Therapy	Critical	Zones	in	Pocket	Surgery	Indications	for	Periodontal	Surgery	Methods	of	Pocket	Therapy	The
World	Workshop	in	Periodontics	in	1989	outlined	the	goals	of	periodontal	therapy	as	summarized	under	Considering	the	above	objectives	periodontal	surgical	procedures	may	broadly	be	grouped	as	follows	(Box	41.1):	Immediate	goal:	To	prevent	arrest,	control,	or	eliminate	the	periodontal	disease.	Ideal	goal:	To	promote	healing	through	regeneration
of	the	lost	form,	function,	and	esthetics.	Pragmatic	goal:	When	the	ideal	goal	is	not	achieved,	the	pragmatic	goal	of	the	therapy	would	be	to	repair	the	damage	resulting	from	the	disease.	Ultimate	goal:	Finally,	the	ultimate	goal	of	the	therapy	is	to	sustain	the	masticatory	apparatus	especially	teeth	or	their	analogs	in	a	state	of	health.	1.	surgical	pocket
therapy	for	pocket	reduction/eradication,	including	periodontal	regeneration/new	attachment;	2.	plastic	and	esthetic	surgical	techniques;	3.	preprosthetic	surgical	procedures;	and	4.	placement	of	implants	and	implant-related	surgical	procedures.	A	majority	of	the	patients	are	effectively	managed	by	a	comprehensive	phase	1	therapy,	which	essentially
consists	of	nonsurgical	procedures,	such	as	scaling	and	root	planing,	optimal	plaque	control,	occasional	use	of	systemic	and	local	antimicrobials,	and	elimination	of	all	plaque	retention	areas,	including	correction	of	faulty	dentistry.	However,	some	of	the	patients	need	surgical	intervention	for	the	following	purposes:	1.	controlling	or	eliminating
periodontal	disease;	2.	regenerating	lost	tissues;	3.	correcting	anatomic	conditions	that	may	favor	periodontal	disease,	impair	esthetics,	or	impede	placement	of	the	correct	prosthetic	appliances;	and	4.	placing	implants	to	replace	lost	teeth	and	improving	the	environment	for	their	placement	and	function.	Objectives	of	the	Surgical	Phase	The	main
objectives	of	surgical	phase	are:	1.	improvement	of	the	prognosis	of	teeth	and	their	replacements;	2.	improvement	of	esthetics;	3.	correction	of	anatomic	and	morphologic	defects	that	may	favor	plaque	accumulation;	4.	preparation	the	tissues	to	receive	the	dental	implants;	and	5.	placement	of	dental	implants.	Surgical	Pocket	Therapy	Surgical	pocket
therapy	can	be	directed	toward	(1)	access	surgery	to	ensure	the	removal	of	irritants	from	the	tooth	surface	or	(2)	elimination	or	reduction	of	the	depth	of	the	periodontal	pocket.	The	effectiveness	of	periodontal	therapy	is	predicated	on	success	in	the	complete	elimination	of	calculus,	plaque,	and	diseased	cementum	from	the	tooth	surface.	Numerous
investigations	have	shown	that	the	difficulty	of	this	task	increases	as	the	pocket	becomes	deeper.	The	presence	of	irregularities	on	the	root	surface	also	increases	the	difficulty	of	the	procedure.	As	the	pocket	becomes	deeper,	the	surface	to	be	scaled	increases,	more	irregularities	appears	on	the	root	surface,	and	accessibility	is	impaired.	The	presence
of	furcations	will	also	create	insurmountable	problems	for	scaling	the	root	surface.	These	problems	can	be	reduced	by	resecting	or	displacing	the	soft-tissue	wall	of	the	pocket,	thereby	increasing	the	visibility	and	accessibility	of	the	root	surface.	The	flap	approach	and	the	gingivectomy	technique	attain	this	result.	The	need	to	eliminate	or	reduce	the
depth	of	the	pocket	is	another	important	consideration.	Pocket	elimination	consists	of	reducing	the	depth	of	periodontal	pockets	to	that	of	a	physiologic	sulcus	to	enable	cleansing	by	the	patient.	By	proper	case	selection,	both	resective	techniques	and	regenerative	techniques	can	be	used	to	accomplish	this	goal.	The	presence	of	a	pocket	produces
areas	that	are	impossible	for	the	patient	to	keep	clean,	which	establishes	the	vicious	cycle	depicted	in	Fig.	41.1.	477	478	PART	2	Clinical	Periodontics	Inactive	P.erioi::lontal	Surgery	Healed	POCKET	REDUCTION	SURGERY	Resective	(gingivectomy,	apically	displaced	flap,	and	undisplaced	flap,	with	or	without	osseous	resection)	Regenerative	(flaps
with	grafts	and	membranes)	CORRECTION	OF	ANATOMIC/MORPHOLOGIC	DEFECTS	Plastic-surgery	techniques	to	widen	attached	gingiva	(free	gingival	grafts	and	other	techniques)	Esthetic	surgery	(root	coverage	and	recreation	of	gingival	papillae)	Preprosthetic	techniques	(crown	lengthening,	ridge	augmentation,	and	vestibular	deepening)
Placement	of	dental	implants,	including	techniques	for	site	development	for	implants	(guided	bone	regeneration	and	sinus	grafts)	I	!	Plaqu~	accumulation	Gingival	~	innammation	Pocket	deepening	FIGURE	41.1	Accumulation	of	plaque	leads	to	gingival	inflammation	and	pocket	deepening,	which	in	turn	increases	the	area	of	plaque	accumulation.
Results	of	Pocket	Therapy	A	periodontal	pocket	can	be	in	an	active	state	or	a	period	of	inactivity	or	quiescence.	In	an	active	pocket,	underlying	bone	is	being	lost.	It	often	can	be	diagnosed	clinically	by	bleeding,	either	spontaneously	or	on	probing.	After	Phase	I	therapy,	the	inflammatory	changes	in	the	pocket	wall	subsides,	rendering	the	pocket
inactive,	and	reducing	its	depth	(Fig.	41.2).	The	extent	of	this	reduction	depends	on	the	depth	before	treatment	and	the	degree	to	which	the	depth	is	the	result	of	the	edematous	and	inflammatory	component	of	the	pocket	wall.	Whether	the	pocket	remains	inactive	depends	on	the	depth,	the	individual	characteristics	of	the	plaque	components,	and	the
host	response.	Recurrence	of	the	initial	activity	is	likely.	Inactive	pockets	can	sometimes	heal	with	a	longjunctional	epithelium.	However,	this	condition	also	may	be	unstable	and	the	chance	of	recurrence	and	reformation	of	the	original	pocket	is	always	present	because	the	epithelial	union	to	the	tooth	is	weak.	However,	one	study	in	monkeys	has
shown	that	the	long	junctional	epithelial	union	may	be	as	resistant	to	plaque	infection	as	a	normal	connective-tissue	attachment.	Studies	have	shown	that	inactive	pockets	can	be	maintained	for	long	periods	with	little	loss	of	attachment	by	means	of	frequent	scaling	and	root-planing	procedures.	A	more	reliable	and	stable	result	is	obtained,	however,	by
transforming	the	pocket	into	a	healthy	sulcus.	The	bottom	of	the	healthy	sulcus	can	be	located	either	where	the	bottom	of	the	pocket	Restored	periodontium	FIGURE	41.2	Possible	results	of	pocket	therapy.	An	active	pocket	can	become	inactive	and	heal	by	means	of	a	long	junctional	epithelium.	Surgical	pocket	therapy	can	result	in	a	healthy	sulcus,
with	or	without	gain	of	attachment.	Improved	gingival	attachment	promotes	restoration	of	bone	height,	with	reformation	of	periodontal	ligament	fibers	and	layers	of	cementum.	was	localized	or	coronal	to	it.	In	the	first	case,	there	is	no	gain	of	attachment	and	the	area	of	the	root	that	was	previously	the	tooth	wall	of	the	pocket	becomes	exposed.	This
does	not	mean	that	the	periodontal	treatment	has	caused	recession	but	rather	that	it	has	uncovered	the	recession	previously	induced	by	the	disease.	The	healthy	sulcus	can	also	be	located	coronal	to	the	bottom	of	the	preexisting	pocket.	This	is	conducive	to	a	restored	marginal	periodontium;	the	result	is	a	sulcus	of	normal	depth	with	the	gain	of
attachment.	The	creation	of	a	healthy	sulcus	and	a	restored	periodontium	entails	a	total	restoration	of	the	status	that	existed	before	periodontal	disease	began,	which	is	the	ideal	result	of	treatment.	Pocket	Elimination	Versus	Pocket	Maintenance	Pocket	elimination	(depth	reduction	to	gingival	sulcus	levels)	has	traditionally	been	considered	to	be	one
of	the	main	goals	of	periodontal	therapy.	It	was	considered	vital	because	of	the	need	to	improve	accessibility	to	root	surfaces	for	the	therapist	41	Phase	II	Periodontal	Therapy	during	treatment	and	for	the	patient	after	healing.	The	prevalent	opinion	is	the	presence	of	deep	pockets	after	therapy	represents	a	greater	risk	of	disease	progression	than
shallow	sites.	Individual	probing	depths	are	not	good	predictors	of	future	clinical	attachment	loss.	The	absence	of	deep	pockets	in	treated	patients,	conversely,	is	an	excellent	predictor	of	a	stable	periodontium.	Longitudinal	studies	of	different	therapeutic	modalities	over	the	last	30	years	have	given	conflicting	results.	Some	studies	have	reported	that
meticulous	scaling	and	root	planning	at	regular	intervals,	as	part	of	maintenance	visits,	do	arrest	the	progression	of	the	disease	and	the	pockets	become	inactive	as	no	bleeding	on	probing	of	the	residual	pockets	occurs	in	patients	examined	with	a	thin	periodontal	probe	without	electing	pain	and	exudation.	However,	the	long-term	sustainability	of
such	a	state	is	uncertain	although	one	study	in	monkeys	has	shown	that	the	long	junctional	epithelial	union	may	be	resistant	to	plaque	infection	as	a	normal	connective	attachment.	These	findings	do	not	alter	the	indications	for	periodontal	surgery	because	the	results	are	based	on	surgical	exposure	of	the	root	surfaces	for	thorough	elimination	of
irritants.	However,	these	findings	emphasize	the	importance	of	the	maintenance	phase	and	the	close	monitoring	of	both	level	of	attachment	and	pocket	depth,	together	with	the	other	clinical	variables	(bleeding,	exudation,	or	tooth	mobility).	The	transformation	of	the	initial	deep,	active	pocket	into	a	shallower,	inactive,	and	maintainable	pocket
requires	some	form	of	definitive	pocket	therapy	and	constant	supervision	thereafter.	Pocket	depth	is	an	extremely	useful	and	widely	employed	clinical	determinant,	but	it	must	be	evaluated	together	with	the	level	of	attachment	and	the	presence	of	bleeding,	exudation,	and	pain.	The	most	important	variable	for	evaluating	whether	a	pocket	(or	deep
sulcus)	is	progressive	is	the	level	of	attachment,	which	is	measured	in	millimeters	from	the	cementoenamel	junction.	The	apical	displacement	of	the	level	of	attachment	places	the	tooth	in	jeopardy,	not	the	increase	in	pocket	depth,	which	may	be	caused	by	coronal	displacement	of	the	gingival	margin.	Pocket	depth	remains	an	important	clinical
variable	that	contributes	to	decisions	about	treatment	selection.	Lindhe	et	al	compared	the	effect	of	root	planing	alone	and	with	a	modified-Widman	flap	on	the	resultant	level	of	attachment	and	in	relation	to	the	initial	pocket	depth.	They	reported	that	scaling	and	root	planing	procedures	induce	loss	of	attachment	if	performed	in	pockets	shallower
than	2.9	mm,	whereas	gain	of	attachment	occurs	in	deeper	pockets.	The	modifiedWidman	flap	induces	loss	of	attachment	if	done	in	pockets	shallower	than	4.2	mm	but	results	in	a	greater	gain	of	attachment	than	root	planing	in	pockets	deeper	than	4.2	mm.	The	loss	is	a	true	loss	of	connective-tissue	attachment,	whereas	the	gain	can	be	considered	a
false	gain	because	of	reduced	penetrability	of	connective	tissues	apical	to	the	bottom	of	the	pocket	after	treatment.	Furthermore,	probing	depths	established	after	active	therapy	and	healing	(approximately	6	months	after	treatment)	can	be	maintained	unchanged	or	reduced	even	further	during	a	maintenance	period	involving	careful	prophylaxis	once
every	3	months.	Ramfjord	et	al	showed	that,	regardless	of	the	surgical	technique	used	for	pocket	therapy,	a	certain	pocket	depth	recurs.	The	refore,	maintenance	of	this	depth	without	any	further	loss	of	attachment	becomes	the	goal.	479	Reevaluation	after	Phase	I	Therapy	Longitudinal	studies	have	noted	that	all	patients	should	be	treated	initially
with	scaling	and	root	planing	and	that	a	final	decision	on	the	need	for	periodontal	surgery	should	be	made	only	after	a	thorough	evaluation	of	the	effects	of	Phase	I	therapy.	The	assessment	is	generally	made	no	less	than	1-3	months	and	sometimes,	as	much	as	9	months	after	the	completion	of	Phase	I	therapy.	This	reevaluation	of	the	periodontal
condition	should	include	reprobing	the	entire	mouth.	The	presence	of	calculus,	root	caries,	defective	restorations,	and	signs	of	persistent	inflammation	should	also	be	evaluated.	Critical	Zones	in	Pocket	Surgery	Criteria	for	the	selection	of	one	of	the	different	surgical	techniques	for	pocket	therapy	are	based	on	clinical	findings	in	the	soft-tissue	pocket
wall,	tooth	surface,	underlying	bone,	and	attached	gingiva.	Zone	1:	Soft-Tissue	Pocket	Wall	The	clinician	should	determine	the	morphologic	features,	thickness,	and	topography	of	the	soft-tissue	pocket	wall	and	persistence	of	inflammatory	changes	in	the	wall.	Zone	2:	Tooth	Surface	The	clinician	should	identify	the	presence	of	deposits	and	alterations
on	the	cementum	surface	and	determine	the	accessibility	of	the	root	surface	to	instrumentation.	Phase	I	therapy	should	have	solved	many,	if	not	all,	of	the	problems	on	the	tooth	surface.	Evaluation	of	the	results	of	Phase	I	therapy	should	determine	the	need	for	further	therapy	and	the	method	to	be	used.	Zone	3:	Underlying	Bone	The	clinician	should
establish	the	shape	and	height	of	the	alveolar	bone	next	to	the	pocket	wall	through	careful	probing	and	clinical	and	radiographic	examinations.	Bony	craters,	horizontal	or	angular	bone	losses,	and	other	bone	deformities	are	important	criteria	in	the	selection	of	the	treatment	technique.	Zone	4:	Attached	Gingiva	The	clinician	should	consider	the
presence	or	absence	of	an	adequate	band	of	attached	gingiva	when	selecting	the	pocket	treatment	method.	Diagnostic	techniques	for	mucogingival	problems	are	described	in	Chapter	50.	An	inadequate	attached	gingiva	may	be	caused	by	a	high-frenum	attachment,	marked	gingival	recession,	or	a	deep	pocket	that	reaches	the	level	of	the	mucogingival
junction.	All	these	possible	conditions	should	be	explored	and	their	influence	on	pocket	therapy,	determined.	Indications	for	Periodontal	Surgery	The	following	findings	may	indicate	the	need	for	a	surgical	phase	of	therapy.	1.	Persistent	inflammation	in	areas	with	moderate	to	deep	pockets	may	require	a	surgical	approach.	In	areas	with	480	2.	3.	4.	5.
6.	PART	2	Clinical	Periodontics	shallow	pockets	or	normal	sulci,	persistent	inflammation	may	point	to	the	presence	of	a	mucogingival	problem	that	needs	a	surgical	solution.	Pockets	on	teeth	in	which	a	complete	removal	of	root	irritants	is	not	considered	clinically	possible	may	call	for	surgery.	This	occurs	frequently	in	molar	and	premolar	areas.	Areas
with	irregular	bony	contours,	deep	craters,	and	other	defects	usually	require	surgical	intervention.	In	cases	of	furcation	involvement	of	grade	II	or	Ill,	a	surgical	approach	ensures	the	removal	of	irritants.	Any	necessary	root	resection	or	hemisection	also	requires	surgical	intervention.	Intrabony	pockets	particularly	on	distal	areas	of	molars,	and
pockets	frequently	complicated	by	mucogingival	problems	are	usually	unresponsive	to	nonsurgical	methods.	Gingival	overgrowths	particularly	caused	by	drugs,	such	as,	phenytoin,	cyclosporine,	calcium-channel	blockers	etc.,	are	fibrotic	and	require	surgical	recontouring.	Methods	of	Pocket	Therapy	The	methods	for	pocket	therapy	can	be	classified
under	the	following	three	main	headings.	successfully	solve	the	problems	with	the	fewest	undesirable	effects	should	be	chosen.	Clinicians	who	adhere	to	one	technique	to	solve	all	problems	do	not	use	to	the	advantage	of	the	patient,	the	wide	repertoire	of	techniques	at	their	disposal.	Approaches	to	Specific	Pocket	Problems	Therapy	for	Gingival
Pockets	Two	factors	are	taken	into	consideration:	(1)	the	character	of	the	pocket	wall	and	(2)	the	accessibility	of	the	pocket.	The	pocket	wall	can	be	either	edematous	or	fibrotic.	Edematous	tissue	shrinks	after	the	elimination	of	local	factors,	thereby	reducing	or	totally	eliminating	pocket	depth.	Therefore	scaling	and	root	planing	are	the	techniques	of
choice	in	these	cases.	Pockets	with	a	fibrotic	wall	are	not	appreciably	reduced	in	depth	after	scaling	and	root	planing;	therefore	they	are	eliminated	surgically.	Until	recently,	gingivectomy	was	the	only	technique	available;	it	solves	the	problem	successfully,	but	in	cases	of	marked	gingival	enlargement	(eg,	severe	phenytoin	enlargement),	it	may	leave
a	large	wound	that	goes	through	a	painful	and	prolonged	healing	process.	In	these	patients,	a	modified-flap	technique	can	adequately	solve	the	problem	with	fewer	postoperative	problems.	1.	New	attachment/regenerative	techniques	with	periodontalflap	surgery.	2.	Resective	techniques,	such	as	gingivectomy	and	respective	osseous	surgery,	were
popular	one	time	but	are	usually	not	preferred	due	to	the	shift	in	paradigm	from	resection	to	conservation.	3.	Removal	of	the	tooth	of	the	pocket	by	root	resection	or	hemisection	is	again	less	often	performed	at	present	due	to	the	superior	success	of	dental	implants.	In	slight	or	incipient	periodontitis,	a	small	amount	of	bone	loss	occurs	and	pockets	are
shallow	to	moderate.	In	these	patients,	the	conservative	approach	with	good	oral	hygiene	will	generally	suffice	to	control	the	disease.	Incipient	periodontitis	that	recurs	in	previously	treated	sites	may	require	a	thorough	analysis	of	the	causes	for	the	recurrence.	Occasionally,	a	surgical	approach	may	be	required	to	correct	the	problem.	Criteria	for
Method	Selection	Therapy	for	Moderate	to	Severe	Periodontitis	in	the	Anterior	Region	Scientific	criteria	to	establish	the	indications	for	each	technique	are	difficult	to	determine.	Longitudinal	studies	following	a	significant	number	of	cases	over	a	number	of	years,	and	standardizing	multiple	factors	and	many	variables	would	be	needed.	Clinical
experience,	however,	has	suggested	the	criteria	for	selecting	the	method	to	treat	the	pocket.	The	selection	of	a	technique	for	treatment	of	a	particular	periodontal	lesion	is	based	on	the	following	considerations:	1.	characteristics	of	the	pocket	depth,	relation	to	bone	and	configuration;	2.	accessibility	to	instrumentation,	including	presence	of	furcation
involvements;	3.	existence	of	mucogingival	problems;	4.	response	to	phase	I	therapy;	5.	patient	cooperation,	including	ability	to	perform	effective	oral	hygiene,	smokers	must	be	willing	to	stop	their	habit;	6.	age	and	general	health	of	the	patient;	7.	overall	diagnosis	of	the	case:	various	types	of	gingival	enlargement	and	types	of	periodontitis	(eg,
chronic	marginal	periodontitis,	localized	aggressive	periodontitis,	and	generalized	aggressive	periodontitis);	8.	esthetic	considerations;	and	9.	previous	periodontal	treatments.	Each	of	these	variables	is	analyzed	in	relation	to	the	pocket	therapy	techniques	available	and	a	specific	technique	is	selected.	Of	the	many	techniques,	the	one	that	would	most
Therapy	for	Slight	Periodontitis	The	anterior	teeth	are	important	esthetically;	therefore	the	technique	that	causes	the	least	amount	of	visual	root	exposure	should	be	considered.	However,	the	importance	of	esthetics	may	be	different	for	different	patients	and	nonelimination	of	the	pocket	may	place	the	tooth	in	jeopardy.	The	final	decision	may	have	to
be	a	compromise	between	health	and	esthetics,	not	attaining	ideal	results	in	either	respect.	Anterior	teeth	offer	two	main	advantages	to	a	conservative	approach:	(1)	they	are	all	single	rooted	and	easily	accessible	and	(2)	patient	compliance	and	thoroughness	in	plaque	control	are	easier	to	attain.	The	refore,	scaling	and	root	planing	are	the	techniques
of	choice	for	the	anterior	teeth.	Sometimes,	however	a	surgical	technique	may	be	necessary	because	of	the	need	for	improved	accessibility	for	root	planing	or	regenerative	surgery	of	osseous	defects.	The	papillapreservation	flap	can	be	used	for	both	purposes	and	also	offers	a	better	postoperative	result,	with	less	recession	and	reduced	soft-tissue
crater	formation	interproximally.	When	the	teeth	are	too	close	interproximally,	the	papillapreservation	technique	may	not	be	feasible	and	a	technique	that	splits	the	papilla	must	be	used.	The	sulcular-incision	flap	offers	good	esthetic	results	and	is	the	next	choice.	When	esthetics	is	not	the	primary	consideration,	the	modified-Widman	flap	can	be
chosen.	This	technique	uses	an	internal	bevel	incision	of	about	1-2	mm	from	the	gingival	margin	without	thinning	the	flap	and	may	result	in	some	minor	recession.	41	Phase	II	Periodontal	Therapy	Infrequently,	bone	contouring	may	be	needed	despite	the	resultant	root	exposure.	The	technique	of	choice	is	the	apically	displaced	flap	with	bone
contouring.	Therapy	for	Moderate	to	Severe	Periodontitis	in	the	Posterior	Region	Treatment	for	premolars	and	molars	usually	poses	no	esthetic	problem	but	frequently	involves	difficult	accessibility.	Bone	defects	occur	more	often	in	the	posterior	than	the	anterior	sector	and	root	morphologic	features,	particularly	in	relation	to	furcations,	may	offer
insurmountable	problems	for	instrumentation	in	a	close	field.	Therefore	surgery	is	frequently	indicated	in	the	posterior	region.	The	purpose	of	surgery	in	the	posterior	area	is	either	enhanced	accessibility	or	the	need	for	definitive	pocket	reduction	requiring	osseous	surgery.	Accessibility	can	be	obtained	by	either	the	undisplaced	or	the	apically
displaced	flap.	Most	patients	with	moderate	to	severe	periodontitis	have	developed	osseous	defects	that	require	some	degree	of	osseous	remodeling	or	reconstructive	procedures.	When	osseous	defects	amenable	to	reconstruction	are	present,	the	papillapreservation	flap	is	the	technique	of	choice	because	it	protects	the	481	interproximal	areas	better,
where	defects	are	frequently	present.	Second	and	third	choices	are	the	sulcular	flap	and	the	modifiedWidman	flap,	maintaining	as	much	of	the	papilla	as	possible.	When	osseous	defects	with	no	possibility	of	reconstruction	are	present,	such	as	interdental	craters,	the	technique	of	choice	is	the	flap	with	osseous	contouring.	Surgical	Techniques	for
Correction	of	Morphologic	Defects	The	objectives	and	rationale	for	the	techniques	performed	to	correct	morphologic	defects	(mucogingival,	esthetic,	and	preprosthetic)	are	given	in	Chapter	50.	Surgical	Techniques	for	Implant	Placement	and	Related	Problems	The	objectives	and	rationale	for	these	techniques	are	described	in	Chapter	58.	However,	it
must	be	understood	that	the	above	guidelines	are	broad	in	nature	and	differ	from	patient	to	patient.	A	good	clinician	makes	an	astute	judgment	taking	into	consideration	all	the	prevailing	factors.	Needless	to	emphasize	that	experience	is	the	key	to	success.	Page	left	intentionally	blank	42	Periodontal	and	Periimplant	Surgical	Anatomy	FA	Carranza	•
PR	Klokkevold	•	CD	Dwarakanath	Chapter	Outline	Mandible	Maxilla	Exostoses	Muscles	Anatomic	Spaces	A	sound	knowledge	of	the	anatomy	of	the	periodontium	and	the	surrounding	hard	and	soft	structures	is	essential	to	determine	the	scope	and	possibilities	of	periodontal	and	implant	surgical	procedures	and	to	minimize	their	risks.	The	spatial
relationship	of	bones,	muscles,	blood	vessels,	and	nerves	as	well	as	the	anatomic	spaces	located	in	the	vicinity	of	the	periodontal	or	implant	surgical	field	are	particularly	important.	Only	those	features	of	periodontal	and	implant	surgery	relevance	are	mentioned	in	this	chapter;	the	reader	is	referred	to	books	about	oral	anatomy	for	a	more
comprehensive	description	of	these	structures.	Mandible	The	mandible	is	a	horseshoe-shaped	bone	connected	to	the	skull	by	the	temporomandibular	Joints.	It	presents	several	landmarks	of	great	surgical	importance	for	both	periodontal	and	implant	surgical	procedures.	The	mandibular	canal,	which	is	occupied	by	the	inferior	alveolar	nerve	and
vessels,	begins	at	the	mandibular	foramen	on	the	medial	surface	of	the	mandibular	ramus	and	curves	downward	and	forward	until	it	becomes	horizontal	below	the	apices	of	the	molars	(Fig.	42.1).	The	distance	from	the	canal	to	the	apices	of	the	molars	is	shorter	in	the	third	molar	area	and	increases	as	it	goes	forward.	A	small	percentage	(1	%)	of
mandibular	canals	bifurcate	in	the	body	of	the	mandible,	thereby	resulting	in	two	canals	and	two	mental	foramen.	In	the	premolar	area,	the	mandibular	canal	divides	into	two	branches,	with	one	exiting	the	mandible	and	the	other	continuing	anteriorly:	the	incisive	canal,	which	continues	horizontally	to	the	midline,	and	the	mental	canal,	which	turns
upward	and	opens	in	the	mental	foramen.	The	mental	foramen,	from	which	the	mental	nerve	and	vessels	emerge,	is	located	on	the	buccal	surface	of	the	mandible	below	the	apices	of	the	premolars,	sometimes	closer	to	the	second	premolar	and	usually	halfway	between	the	lower	border	of	the	mandible	and	the	alveolar	margin	(Fig.	42	2).	It	is	often	but
not	always	visible	on	conventional	radiographs.	The	opening	of	the	mental	foramen,	which	may	be	oval	or	round	in	shape,	typically	faces	upward	and	distally,	with	its	posterosuperior	border	slanting	gradually	to	the	bone	surface.	An	"anterior	loop"	of	the	mental	foramen	has	been	described,	with	the	use	of	cadaver	dissection,	as	a	reverse	turn	and
looping	back	of	the	mental	nerve	before	its	exit	out	of	the	mental	foramen;	its	length	ranges	from	0.5	to	5.0	mm.	More	recent	evaluation	of	the	anterior	loop	of	the	mental	nerve	involving	the	use	of	cone	beam	scans	and	cadaveric	dissection	reported	this	loop	extension	to	range	from	0.0	to	9.0	mm.	The	anterior	loop	of	the	mental	nerve	has	a	high
prevalence	(88%),	symmetric	occurrence,	and	a	mean	length	of	4.13	±	1.08	mm.	As	it	emerges,	the	mental	nerve	divides	into	three	branches.	One	branch	of	the	nerve	turns	forward	and	downward	to	supply	the	skin	of	the	chin.	The	other	two	branches	course	anteriorly	and	upward	to	supply	the	skin	and	mucous	membrane	of	the	lower	lip	and	the
mucosa	of	the	labial	alveolar	surface.	Surgical	trauma	(eg,	pressure,	manipulation,	postsurgical	swelling)	to	the	mental	nerve	can	produce	paresthesia	of	the	lip,	which	recovers	slowly.	Partial	or	complete	cutting	of	the	nerve	can	result	in	permanent	paresthesia,	dysesthesia,	or	both.	Familiarity	with	the	location	and	appearance	of	the	mental	nerve
reduces	the	likelihood	of	injury	(Fig.	4	2.3).	In	partially	or	totally	edentulous	jaws,	the	disappearance	of	the	alveolar	portion	of	the	mandible	brings	the	mandibular	canal	and	mental	foramen	closer	to	the	superior	border	(Figs.	42.4	and	42.5).	When	these	patients	reevaluated	for	the	placement	of	implants,	the	distance	between	the	canal	and	the
superior	surface	of	the	bone	as	well	as	the	location	of	the	mental	foramen	must	be	carefully	determined	to	avoid	surgical	injury	to	the	nerve	(see	Chapter	57).	The	anterior	extension	of	the	inferior	alveolar	nerve	or	incisive	nerve	has	been	measured	with	the	use	of	conventional	radiographs,	computed	tomography	(CT)	scans,	cadaver	dissections,	and
cone	beam	scans.	This	nerve,	which	is	less	evident	on	conventional	radiographs	and	often	unnoticed,	483	484	PART	2	Clinical	Periodontics	FIGURE	42.1	Mandible,	lingual	surface	view.	Note	the	lingual	or	mandibular	foramen	(blue	arrow),	where	the	inferior	alveolar	nerve	enters	the	mandibular	canal,	and	the	mylohyoid	ridge	(red	arrows).	FIGURE
42.2	Mandible,	facial	surface	view.	Note	the	location	of	the	mental	foramen	(blue	arrow),	which	is	slightly	distal	and	apical	to	the	apex	of	the	second	premolar,	and	the	shelf-like	area	in	the	region	of	the	molars	(red	arrows)	that	is	created	by	the	external	oblique	ridge.	Note	also	the	fenestration	that	is	present	in	the	second	premolar	(black	arrow).
FIGURE	42.3	molar	area.	Mental	nerve	emerging	from	the	foramen	in	the	pre-	extends	beyond	the	anterior	loop	of	the	mental	foramen	in	a	horizontal	direction	toward	the	midline.	The	length	of	the	incisive	canal	has	been	reported	to	be	up	to	21.45	mm	from	the	mesial	aspect	of	the	mental	foramen	and	to	terminate	just	4	mm	from	the	midline.	The
lingual	nerve,	along	with	the	inferior	alveolar	nerve,	is	a	branch	of	the	posterior	division	of	the	mandibular	nerve.	It	descends	along	the	mandibular	ramus	medial	to	and	in	front	of	the	inferior	alveolar	nerve.	The	lingual	nerve	lies	close	to	the	surface	of	the	oral	mucosa	in	the	third	molar	area	and	goes	deeper	as	it	travels	forward	(Fig.	42.6).	It	can	be
damaged	during	anesthetic	injections	and	during	oral	surgery	procedures	(eg,	third	molar	extractions).	Less	often,	the	lingual	nerve	may	be	injured	when	a	periodontal	partial-thickness	flap	is	raised	in	the	third	molar	region	or	when	releasing	incisions	are	made	in	the	area.	The	alveolar	process,	which	provides	the	supporting	bone	to	the	teeth,	has	a
narrower	distal	curvature	than	the	body	of	the	mandible	(Fig.	4	2.	7),	thus	creating	a	flat	surface	in	the	posterior	area	between	the	teeth	and	the	anterior	border	of	the	ramus.	This	results	in	the	formation	of	the	external	oblique	ridge,	which	runs	downward	and	forward	to	the	region	of	the	second	or	first	molar	(Fig.	42.8)	to	create	a	shelf-like	bony
area.	Resective	osseous	therapy	may	be	difficult	or	impossible	in	FIGURE	42.4	Loss	of	the	alveolar	ridge	in	an	edentulous	patient	brings	the	mental	foramen	and	the	inferior	alveolar	nerve	canal	closer	to	the	surface,	which	may	lead	to	discomfort	for	the	patient.	A,	Anterior	view	demonstrating	a	severe	loss	of	vertical	alveolar	ridge	height.	B,	Occlusal
view	of	the	same	patient	demonstrating	a	loss	of	vestibular	depth	with	alveolar	bone	loss.	42	Periodontal	and	Peri	implant	Surgical	Anatomy	FIGURE	42.5	Panoramic	radiograph	of	an	edentulous	patient	with	a	loss	of	alveolar	bone	height.	This	results	in	the	mental	foramen	exiting	the	jaw	at	the	superior	aspect	of	the	remaining	bone	(ridge	crest),
which	is	the	denture-bearing	surface.	Pressure	from	the	complete	removable	denture	over	this	area	causes	pain.	FIGURE	42.6	Lingual	view	of	the	mandible	showing	the	pathway	of	the	lingual	nerve	(red),	which	goes	near	the	gingiva	in	the	third	molar	area	and	then	continues	forward,	going	deeper	and	medially.	FIGURE	42.7	Occlusal	view	of	the
mandible.	Note	the	shelf	that	is	created	in	the	facial	molar	areas	by	the	external	oblique	ridge.	Arrows	show	the	attachment	of	the	buccinator	muscle.	485	FIGURE	42.8	Mandible;	occlusal	view	of	the	ram	us	and	molars.	Note	the	retromolar	triangle	area	distal	to	the	third	molar	(arrows).	this	area	because	of	the	amount	of	bone	that	must	be	removed
distally	toward	the	ramus	to	achieve	resection	of	a	periodontal	osseous	defect	on	the	distal	aspect	of	the	mandibular	second	or	third	molar.	Distal	to	the	third	molar,	the	external	oblique	ridge	circumscribes	the	retromolar	triangle	(Fig.	42.8).	This	region	is	occupied	by	glandular	and	adipose	tissue	and	covered	by	unattached,	nonkeratinized	mucosa.	If
sufficient	space	exists	distal	to	the	last	molar,	a	band	of	attached	gingiva	may	be	present;	only	in	such	a	case	can	a	distal	flap	procedure	be	performed	effectively.	The	medial	side	of	the	body	of	the	mandible	is	traversed	obliquely	by	the	mylohyoid	ridge,	which	starts	close	to	the	alveolar	margin	in	the	third	molar	area	and	continues	anteriorly	in	an
apical	direction,	thereby	increasing	its	distance	from	the	osseous	margin	as	it	travels	forward	(Fig.	42.9).	The	mylohyoid	muscle	inserts	along	this	ridge	and	separates	the	sublingual	space,	which	is	located	above	or	more	anteriorly	and	superiorly,	from	the	submandibular	space,	which	is	located	below	or	more	posteriorly	and	inferiorly.	FIGURE	42.9
Lingual	view	of	the	mandible	showing,	A,	the	inferior	alveolar	nerve	entering	the	mandibular	canal,	B,	the	lingual	nerve	traversing	near	the	lingual	surface	of	the	third	molar,	and,	C,	the	attachment	of	the	mylohyoid	muscle	inferiorly.	486	PART	2	Clinical	Periodontics	FIGURE	42.10	Occlusal	view	of	the	maxilla	and	the	palatine	bone.	Note	the	opening
of	the	incisive	canal	or	the	anterior	palatine	foramen	(red	arrow)	and	the	greater	palatine	foramen	(blue	arrows).	Maxilla	The	maxilla	is	a	paired	bone	that	is	hollowed	out	by	the	maxillary	sinus	and	the	nasal	cavity.	The	maxilla	has	the	following	four	processes:	•	The	alveolar	process	contains	the	sockets	for	and	supports	the	maxillary	teeth.	•	The
palatine	process	extends	horizontally	from	the	alveolar	process	to	meet	its	counterpart	from	the	opposite	maxilla	at	the	midline	intermaxillary	suture,	and	it	extends	posteriorly	with	the	horizontal	plate	of	the	palatine	bone	to	form	the	hard	palate.	•	The	zygomatic	process	extends	laterally	from	the	area	above	the	first	molar	and	determines	the	depth
of	the	vestibular	fornix	on	the	lateral	aspect	of	the	maxilla.	•	The	frontal	process	extends	in	an	ascending	direction	and	articulates	with	the	frontal	bone	at	the	frontomaxillary	suture.	The	terminal	branches	of	the	nasopalatine	nerve	and	vessels	pass	through	the	incisive	canal,	which	opens	in	the	midline	anterior	area	of	the	palate	(Fig.	42.10).	The
mucosa	overlying	the	incisive	canal	presents	a	slight	protuberance	called	the	incisive	papilla.	Vessels	that	emerge	through	the	incisive	canal	are	of	small	caliber,	and	their	surgical	interference	is	of	little	consequence.	The	greater	palatine	foramen	opens	3-4	mm	anterior	to	the	posterior	border	of	the	hard	palate	(Fig.	42.11).	The	greater	palatine	nerve
and	vessels	emerge	through	this	foramen	and	run	anteriorly	in	the	submucosa	of	the	palate,	between	the	palatal	and	alveolar	processes	(Fig.	42.12).	Palatal	flaps	and	donor	sites	for	gingival	grafts	should	be	carefully	performed	and	selected	to	avoid	invading	these	areas,	because	profuse	hemorrhage	may	ensue,	particularly	if	vessels	are	damaged	at
the	palatine	foramen.	Vertical	incisions	in	the	molar	region	should	be	avoided.	The	mucous	membrane	that	covers	the	hard	palate	is	firmly	attached	to	the	underlying	bone.	The	submucous	layer	of	the	palate	posterior	to	the	first	molars	contains	the	palatal	glands,	which	are	more	compact	in	the	soft	palate	and	which	extend	anteriorly,	thereby	filling
the	gap	between	the	mucosa!	connective	tissue	and	the	periosteum	and	protecting	the	underlying	vessels	and	nerve	(Fig.	42.22).	FIGURE	42.11	Occlusolateral	view	of	the	palate	showing	nerves	(red)	and	vessels	(blue)	emerging	from	the	greater	palatine	foramen	and	continuing	anteriorly	on	the	palate.	The	area	distal	to	the	last	molar,	called	the
maxillary	tuberosity,	consists	of	the	posteroinferior	angle	of	the	infratemporal	surface	of	the	maxilla.	Medially	it	articulates	with	the	pyramidal	process	of	the	palatine	bone.	It	is	covered	by	dense,	fibrous	connective	tissue,	and	it	contains	the	terminal	branches	of	the	middle	and	posterior	palatine	nerves.	Excision	of	the	area	for	distal	flap	surgery	may
reach	medially	to	the	tensor	palati	muscle.	The	tensor	palati	muscle	comes	from	the	greater	wing	of	the	sphenoid	bone	and	ends	in	a	tendon	that	forms	the	palatine	aponeurosis,	which	expands,	fanlike,	to	attach	to	the	posterior	border	of	the	hard	palate.	FIGURE	42.12	Histologic	frontal	section	of	a	human	palate	at	the	level	of	the	first	molar	showing
the	location	of	the	vessels	and	the	nerve	surrounded	by	adipose	and	glandular	tissue.	42	Periodontal	and	Peri	implant	Surgical	Anatomy	487	(A)	FIGURE	42.13	Location	and	anatomy	of	the	maxillary	sinus.	A,	Frontal	view.	B,	Lateral	view.	FIGURE	42.14	Blood	supply	and	innervation	of	the	maxillary	sinus.	A,	Arterial	blood	supply.	B,	Innervation	of	the
maxillary	sinus.	The	body	of	the	maxilla	is	occupied	by	the	maxillary	sinus,	which	is	the	largest	of	the	paranasal	sinuses.	It	is	an	air-filled	cavity	located	in	the	posterior	maxilla	superior	to	the	teeth.	The	lateral	wall	of	the	nasal	cavity	borders	the	sinus	medially;	it	is	bordered	superiorly	by	the	floor	of	the	orbit	and	laterally	by	the	lateral	wall	of	the
maxilla,	the	alveolar	process,	and	the	zygomatic	arch	(Fig.	42.13).	It	is	pyramidal	in	shape,	with	its	apex	in	the	zygomatic	arch	and	its	base	at	the	lateral	wall	of	the	nasal	cavity	The	size	of	the	maxillary	sinus	varies	from	one	individual	to	another	(depending	on	the	individual	and	his	or	her	age)	and	from	very	small	and	narrow	to	quite	large	and
expansive.	The	maxillary	sinus	is	frequently	subdivided	(incompletely)	into	recesses	by	one	or	more	septa.	Maxillary	sinus	septa	vary	in	size	and	location.	Clinical	and	radiographic	examinations	suggest	that	septa	are	frequently	present	(.:S:39%	of	sinuses).	CT	scans	are	the	preferred	method	for	detecting	septa,	because	panoramic	radiographs	are	not
reliable	(ie,	26.5%	false	diagnosis	of	the	presence	or	absence	of	septa).	Septa	are	found	in	the	anterior	(24%),	middle	(41	%),	and	posterior	(35%)	aspects	of	the	maxillary	sinus,	with	the	most	common	location	being	between	the	second	premolar	and	the	first	molar.	The	height	of	septa	vary	as	well,	ranging	from	Oto	20.6	mm.	Only	0.5%	of	septa	form	a
complete	separation	of	the	sinus	spaces	into	separate	chambers.	The	entire	maxillary	sinus	is	lined	with	a	thin	mucosa!	membrane	called	the	Schneiderian	membrane.	This	specialized	structure	of	the	respiratory	mucous	membrane,	with	its	motile	cilia	and	rich	blood	supply,	is	well	adapted	to	purifying,	moistening,	and	warming	air	to	protect	the
lungs.	The	entrance	to	the	maxillary	sinus,	through	the	orifice	or	maxillary	duct,	is	located	at	the	superior	medial	aspect	of	the	cavity	The	orifice	is	relatively	small,	measuring	only	3-6	mm	in	length	and	diameter.	An	accessory	opening	is	occasionally	found	inferior	and	posterior	to	the	main	opening.	The	maxillary	sinus	drains	into	the	middle	meatus	of
the	nasal	cavity	through	the	maxillary	duct,	which	passes	secretions	medially	to	the	semilunar	hiatus.	Normal	amounts	of	secretion	are	moved	from	the	sinus	by	the	spiral	pattern	of	the	beating	cilia	that	surround	the	orifice.	If	the	maxillary	sinus	becomes	infected	or	chronically	inflamed,	swelling	of	the	mucosa	around	the	orifice	impairs	drainage.	The
floor	of	the	maxillary	sinus	extends	down	below	the	level	of	the	nasal	cavity	into	the	alveolar	process.	The	roots	of	the	maxillary	first	and	second	molars	are	often	close	to	the	floor	of	the	sinus.	Less	frequently,	the	roots	of	the	premolars	and	third	molars	may	protrude	into	the	floor	of	the	sinus.	With	increasing	age,	the	maxillary	sinus	expands.	It
becomes	more	and	more	pneumatized	down	around	the	roots	of	the	maxillary	teeth,	sometimes	resulting	in	exposure	of	the	roots	through	the	bony	floor	into	the	sinus,	with	only	the	thin	mucosa!	membrane	covering	the	root	surface.	The	ability	to	perform	periodontal	osseous	surgery	in	the	posterior	maxilla	may	be	limited	when	the	sinuses	are
severely	pneumatized.	Blood	supply	to	the	maxillary	sinus	arises	from	the	superior	alveolar	(anterior,	middle,	and	posterior)	branches	of	the	maxillary	artery	(Fig.	4	2	.14,	A)	The	maxillary	artery,	which	is	a	large	terminal	branch	of	the	external	carotid	artery,	gives	off	many	branches	to	supply	the	maxillary	sinus,	including	the	infraorbital	artery,	which
travels	superiorly	and	anteriorly	and	gives	off	the	anterior	superior	alveolar	artery	Branches	of	the	greater	palatine	artery	contribute	to	a	lesser	extent.	Venous	blood	drains	via	the	pterygoid	plexus.	Much	of	the	vasculature	travels	through	channels	in	the	bony	walls	of	the	maxillary	sinus,	with	many	branches	anastomosing	with	the	highly	vascularized
Schneiderian	membrane.	Innervation	of	the	maxillary	sinus	is	supplied	by	the	superior	alveolar	(anterior,	middle,	and	posterior)	nerves	and	the	branches	of	the	maxillary	nerve	(Fig.	42.14,	B).	Knowledge	of	the	arterial	blood	supply	is	particularly	important	when	considering	a	lateral	window	approach	to	sinus	floor	elevation	and	bone	augmentation.
Solar	and	coworkers	found	an	intraosseous	branch	of	the	posterior	superior	alveolar	artery	anastomosing	with	the	infraorbital	artery	in	100%	of	their	human	cadaver	specimens	(134	sinuses,	all	males).	On	average,	the	vessel	was	located	18.9	mm	from	the	alveolar	crest.	By	studying	50	CT	scans	from	625	patients	(both	males	and	females)	who	were
undergoing	sinus	bone	augmentation,	Elian	and	colleagues	found	that	the	vessel	was	radiographically	evident	in	52.9%	of	sinuses.	The	vessel	was	located	on	an	average	of	16.4	mm	from	the	alveolar	crest,	which	is	consistent	with	the	previous	study	Human	cadaver	dissection	and	CT	scan	evaluations	of	the	vessels	running	through	the	lateral	wall	of
the	maxillary	sinus	have	revealed	that	intraosseous	vessels	are	present	in	the	lower	two-third	of	the	anterolateral	wall	in	approximately	10.5%	of	cases	(Fig.	42.15).	In	57.1	%	of	cases	(about	6%	of	all	sinuses),	the	vessel	diameter	ranged	in	size	from	1	to	2.5	mm.	The	location	of	the	artery	in	relation	488	PART	2	Clinical	Periodontics	FIGURE	42.15	A,
Cross-sectional	image	from	a	cone	beam	computed	tomography	scan	of	the	maxillary	sinus	demonstrating	the	presence	of	an	intraosseous	vessel	in	the	lateral	wall	approximately	20	mm	from	the	alveolar	crest.	B,	Sagittal	section	through	the	maxillary	sinus	in	the	same	patient	demonstrating	an	intraosseous	vessel	extending	along	the	maxillary	sinus.
The	diameter	of	the	intraosseous	canal	is	2	mm.	(Fig.	4	2	.17).	Adequate	determination	of	the	extension	of	the	maxillary	sinus	into	the	surgical	site	is	important	to	avoid	creating	an	oroantral	communication,	particularly	in	relation	to	osseous	reduction	in	periodontal	surgery	or	the	placement	of	implants	in	edentulous	areas.	Determining	the	amount	of
available	bone	in	the	anterior	area,	below	the	floor	of	the	nasal	cavity,	is	also	critical	for	the	placement	of	implants	(see	Chapter	57)	Exostoses	FIGURE	42.16	Radiograph	of	the	maxillary	molars	and	premolars,	with	the	maxillary	sinus	apparently	near	the	apices.	to	the	position	of	the	lateral	window	for	sinus	augmentation	presents	a	risk	for	bleeding
complications	in	10-20%	of	cases.	The	inferior	wall	of	the	maxillary	sinus	is	frequently	separated	from	the	apices	and	roots	of	the	maxillary	posterior	teeth	by	a	thin,	bony	plate	(Fig.	42.16)	In	edentulous	posterior	areas,	the	maxillary	sinus	bony	wall	may	be	only	a	thin	plate	that	is	in	intimate	contact	with	the	alveolar	mucosa	Both	the	maxilla	and	the
mandible	may	have	exostoses	or	tori,	which	are	considered	to	be	within	the	normal	range	of	anatomic	variation.	Sometimes	these	structures	may	hinder	the	removal	of	plaque	by	the	patient	and	may	have	to	be	removed	to	improve	the	prognosis	of	neighboring	teeth.	Additional	indications	for	the	removal	of	exostoses	include	the	inability	to
comfortably	wear	removable	prostheses	over	these	areas.	The	most	common	location	of	a	mandibular	torus	is	in	the	lingual	area	of	the	canines	and	the	premolars,	above	the	mylohyoid	muscle	(Fig.	4	2	.18).	Mandibular	tori	can	also	be	found	on	the	buccal	and	labial	surfaces	of	the	mandibular	teeth.	Maxillary	tori	are	usually	located	in	the	midline	of
the	hard	palate	(Fig.	4	2	.19).	Smaller	tori	may	be	seen	over	the	palatal	roots	of	the	maxillary	molars,	in	the	area	above	the	greater	palatine	foramen	(Fig.	42.19),	or	on	the	buccal	and	labial	surfaces	of	the	maxillary	teeth	(Fig.	42.20).	Muscles	FIGURE	42.17	Radiograph	of	an	edentulous	molar	maxillary	area	demonstrating	severe	pneumatization	of	the
maxillary	sinus.	There	is	only	a	thin	layer	of	cortical	bone	separating	the	sinus	from	the	oral	cavity.	Several	muscles	may	be	encountered	when	performing	periodontal	and	implant	flap	surgery,	particularly	during	mucogingival	surgery	and	bone	augmentation	procedures.	These	are	the	mentalis,	the	incisivus	labii	inferioris,	the	depressor	labii
inferioris,	the	depressor	anguli	oris	(triangularis),	the	incisivus	labii	superioris,	and	the	buccinator	muscles.	Their	bony	attachments	are	shown	in	Fig.	42.21.	These	muscles	provide	mobility	to	the	lips	and	cheeks.	42	Periodontal	and	Peri	implant	Surgical	Anatomy	489	FIGURE	42.18	A,	Clinical	photograph	of	large	mandibular	tori	on	the	lingual	aspect
of	both	the	right	and	left	mandible.	B,	Cross-sectional	image	of	a	mandibular	torus	in	the	premolar	area	in	the	same	patient.	FIGURE	42.20	Clinical	photograph	of	large	buccal	exostosis	in	the	maxillary	arch.	There	is	also	a	large	midline	palatal	torus.	FIGURE	42.19	A,	Clinical	photograph	of	large	palatal	torus	located	in	the	midline	of	the	palate.	Notice
the	large	tori	on	the	palatal	aspects	of	the	maxillary	alveolar	ridge	as	well.	B,	Cross-sectional	image	of	the	maxillary	midline	torus	in	the	same	patient.	Notice	the	torus	located	on	the	palatal	aspect	of	the	alveolar	ridge	as	well.	Anatomic	Spaces	Several	anatomic	spaces	or	compartments	are	found	close	to	the	operative	field	of	periodontal	and	implant
surgery	sites.	These	spaces	contain	loose	connective	tissue,	but	they	can	be	easily	distended	by	hemorrhage,	inflammatory	fluid,	and	infection.	Surgical	invasion	of	these	areas	may	result	in	dangerous	hemorrhage	(intraoperative)	or	infections	(postoperative)	and	FIGURE	42.21	Muscle	attachments	that	may	be	encountered	in	mucogingival	surgery.	I,
Nasalis;	2,	levator	anguli	oris;	3,	buccinator;	4,	depressor	anguli	oris;	5,	depressor	labii	inferioris;	6,	mental	is.	490	PART	2	Clinical	Periodontics	-~~~---	Greater	palatine	vessels	and	nerve	••	.,,,,.	,	.••	,	Palatal	glands	1~	F·	~	jf	/	,	_	\	\	,	,:,	l	/	~	.>--'51	,,•~):.••	/	/	'.)-.../f	J/	~~	•.../_,.__	(	\	·i/,i"	.	.,,,,	,_	,,	_	.._	'-	1r	.	.	.__,,,	,-	,	_.	Lingual	nerve	Mandibul~r
canal	Subrnandibular	gland	Hypoglossal	nerve	Mylohyoid	muscle	1	~/'	~	Digastric	muscle	Platysma	muscle	Sublingual	space	_	Submandibular	space	FIGURE	42.22	Diagram	of	a	frontal	section	of	the	human	head	at	the	level	of	the	first	molars	depicting	the	most	important	structures	in	relation	to	periodontal	surgery.	Note	the	location	of	the
sublingual	space,	the	submandibular	space,	and	the	greater	palatine	nerve	and	vessels.	should	be	carefully	avoided.	Some	of	these	spaces	are	briefly	described	in	the	following	paragraphs.	For	more	information,	the	reader	is	referred	to	other	sources.	The	canine	fossa	contains	varying	amounts	of	connective	tissue	and	fat.	It	is	bounded	superiorly	by
the	quadratus	labii	superioris	muscle,	anteriorly	by	the	orbicularis	oris,	and	posteriorly	by	the	buccinator.	Infection	of	this	area	results	in	swelling	of	the	upper	lip,	which	obliterates	the	nasolabial	fold,	and	of	the	upper	and	lower	eyelids,	which	closes	the	eye.	The	buccal	space	is	located	between	the	buccinator	and	the	masseter	muscles.	Infection	of
this	area	results	in	swelling	of	the	cheek	that	may	extend	to	the	temporal	space	or	the	submandibular	space,	with	which	the	buccal	space	communicates.	The	mental	or	mentalis	space	is	located	in	the	region	of	the	mental	symphysis,	where	the	mental	muscle,	the	depressor	muscle	of	the	lower	lip,	and	the	depressor	muscle	of	the	corner	of	the	mouth
are	attached.	Infection	of	this	area	results	in	large	swelling	of	the	chin	that	extends	downward.	The	masticator	space	contains	the	masseter	muscle,	the	pterygoid	muscles,	the	tendon	of	insertion	of	the	temporalis	muscle,	the	mandibular	ramus,	and	the	posterior	part	of	the	body	of	the	mandible.	Infection	of	this	area	results	in	swelling	of	the	face	and
severe	trismus	and	pain.	If	the	abscess	occupies	the	deepest	part	of	this	compartment,	facial	swelling	may	not	be	obvious,	but	the	patient	may	complain	of	pain	and	trismus.	Patients	may	also	have	difficulty	and	discomfort	when	moving	the	tongue	and	swallowing.	The	sublingual	space	is	located	below	the	oral	mucosa	in	the	anterior	part	of	the	floor	of
the	mouth.	It	contains	the	sublingual	gland	and	its	excretory	duct,	the	submandibular	or	Wharton's	duct;	it	is	traversed	by	the	lingual	nerves	and	vessels	and	by	the	hypoglossal	nerve	(Fig.	42.22).	Its	boundaries	are	the	geniohyoid	and	genioglossus	muscles	medially,	the	lingual	surface	of	the	mandible	below,	and	the	mylohyoid	muscle	laterally	and
anteriorly	(Fig.	42.23).	Infection	of	this	area	raises	the	floor	of	the	mouth	and	displaces	the	tongue,	which	results	in	pain	and	difficulty	swallowing	but	little	facial	swelling.	The	submental	space	is	found	between	the	mylohyoid	muscle	superiorly	and	the	platysma	inferiorly.	It	is	bounded	laterally	by	the	mandible	and	posteriorly	by	the	hyoid	bone.
FIGURE	42.23	Posterior	view	of	the	mandible	showing,	A,	the	attachment	of	the	mylohyoid	muscles;	8,	the	geniohyoid	muscles;	C,	the	sublingual	gland;	0,	the	submandibular	gland,	which	extends	below	and	also	to	some	extent	above	the	mylohyoid	muscle;	E,	the	sublingual	nerve;	and	F,	the	inferior	alveolar	nerve.	42	Periodontal	and	Peri	implant
Surgical	Anatomy	It	is	traversed	by	the	anterior	belly	of	the	digastric	muscle.	Infections	of	this	area	arise	from	the	region	of	the	mandibular	anterior	teeth	and	result	in	swelling	of	the	submental	region;	infections	become	more	dangerous	as	they	proceed	posteriorly.	The	submandibular	space	is	found	external	to	the	sublingual	space,	below	the
mylohyoid	and	hyoglossus	muscles	(Figs.	42.22	and	42	23)	This	space	contains	the	submandibular	gland,	which	extends	partially	above	the	mylohyoid	muscle,	thereby	communicating	with	the	sublingual	space	and	numerous	lymph	nodes.	Infections	of	this	area	originate	in	the	molar	or	premolar	area	and	result	in	swelling	that	obliterates	the
submandibular	line	and	in	pain	with	swallowing.	Ludwigs	angina	is	a	severe	form	of	infection	of	the	submandibular	space	491	that	may	extend	to	the	sublingual	and	submental	spaces.	It	results	in	the	hardening	of	the	floor	of	the	mouth,	and	it	may	lead	to	asphyxiation	from	edema	of	the	neck	and	glottis.	Although	the	bacteriology	of	these	infections
has	not	been	completely	determined,	they	are	presumed	to	be	mixed	infections	with	an	important	anaerobic	component.	SUGGESTED	READINGS	Clarke	MA,	Bueltmann	KW:	Anatomical	considerations	in	periodontal	sur-	gery,]	Peliodontol	42:610,	1971.	Dixon	AD:	Anatomy	for	students	of	dentistry,	ed	5,	New	York,	1986,	Churchill	Livingstone.	Dubrul
El:	Sicher	and	Dubrul's	oral	anatomy,	cd	8,	St	Louis,	1988,	Ishiyaku	Euroarnerica.	Page	left	intentionally	blank	43	General	Principles	of	Periodontal	Surgery	PR	Klokkevold	•	H	H	Takei	•	FA	Carranza	•	CD	Dwarakanath	Chapter	Outline	Outpatient	Surgery	Hospital	Periodontal	Surgery	Indications	Conclusions	Successful	outcome	of	any	surgical
procedure	depends	on	careful	planning.	The	surgeon	must	have	a	clear	understanding	of	the	procedure	that	is	going	to	be	performed,	the	equipment	and	instruments	required,	management	of	any	complications	that	may	arise	during	or	after	the	surgery.	A	checklist	inclusive	of	all	the	factors	should	be	followed	strictly.	The	patient	should	be
adequately	prepared	medically,	psychologically,	and	practically	for	all	aspects	of	the	intervention.	This	chapter	covers	the	preparation	of	the	patient	and	the	general	considerations	that	are	common	to	all	periodontal	surgical	techniques.	Complications	that	may	occur	during	or	after	surgery	are	also	discussed.	Periodontal	surgical	procedures	are
usually	performed	in	a	dental	clinic	and	the	patient	is	discharged	immediately	after.	However,	some	patients	and	procedures	may	require	hospital	surgery.	This	will	be	described	later	in	this	chapter.	Outpatient	Surgery	Patient	Preparation	Reevaluation	After	Phase	I	Therapy	Initial	therapy	which	basically	consists	of	plaque	control,	scaling	and	root
planing,	and	elimination	of	other	local	factors	including	faulty	dentistry	is	mandatory	before	any	surgical	procedure	unless	it	is	an	emergency	situation	like	drainage	of	periodontal	or	pericoronal	abscess.	These	procedures	do	the	following:	(1)	eliminate	some	lesions	entirely;	(2)	render	the	tissues	more	firm	in	consistency,	thereby	allowing	for	a	more
accurate	and	delicate	surgery;	and	(3)	acquaint	the	patient	with	the	office,	the	operator,	and	his	or	her	assistants,	create	better	rapport	thus	reducing	the	patient's	apprehension	and	fear.	The	reevaluation	is	normally	done	4-8	weeks	after	the	initial	therapy	and	consists	of	reprobing	and	reexamining	all	the	pertinent	findings	that	previously	indicated
the	need	for	the	surgical	procedure.	Informed	Consent	The	patient	should	be	informed	at	the	initial	visit	about	the	diagnosis,	prognosis,	and	different	possible	treatments	for	his	or	her	condition,	with	the	expected	results	and	all	pros	and	cons	of	each	approach	discussed	as	well.	At	the	time	of	surgery,	the	patient	should	again	be	informed,	verbally	and
in	writing,	of	the	procedure	to	be	performed,	and	he	or	she	should	indicate	his	or	her	agreement	to	undergo	the	procedure	by	signing	the	consent	form.	Premedication	For	patients	who	are	not	medically	compromised,	the	value	of	administering	antibiotics	routinely	for	periodontal	surgery	has	not	been	clearly	demonstrated.	Evidence	of	prophylactic
antibiotics	before	bone	grafting,	guided	tissue	regeneration,	or	implant	placement	is	incomplete.	Some	studies	have	reported	reduced	postoperative	complications,	including	reduced	pain	and	swelling,	when	antibiotics	are	given	before	periodontal	surgery	and	continued	for	4-7	days	after	surgery.	It	is	left	to	the	discretion	of	the	clinician	whether	to
administer	antibiotics	for	a	particular	patient	or	not.	For	those	patients	who	are	medically	compromised	the	prescribed	protocol	should	be	followed	(see	Chapter	30).	Similarly	the	benefits	of	administration	of	nonsteroidal	antiinflammatory	drug	ibuprofen	600-800	mg	1	h	before	surgical	procedure	has	not	been	fully	established.	However,	the	use	of
preprocedural	mouth	rinse	with	0.12	chlorhexidine	has	been	found	to	be	very	useful.	Medical	Evaluation	The	patient's	medical	history	should	once	again	be	reviewed	and	any	precautions	required	should	be	taken.	Further,	the	surgeon	should	ensure	that	on	the	day	of	the	surgery	the	patient	is	not	suffering	from	problems	such	as	severe	cold,	cough,
fever,	etc.,	as	these	will	not	allow	the	surgeon	to	perform	procedures	freely.	The	patient	should	have	had	a	relaxed	night's	sleep	on	the	previous	day	and	eaten	breakfast/lunch	as	applicable.	493	494	PART	2	Clinical	Periodontics	For	the	patient	who	is	a	smoker	it	is	recommended	that	smoking	should	be	stopped	for	at	least	3-4	weeks	after	surgery	if
not	completely.	Emergency	Equipment	and	Drugs	The	operator,	all	assistants,	and	office	personnel	should	be	trained	to	handle	all	possible	emergencies	that	may	arise.	Drugs	and	equipment	for	emergency	use	should	be	readily	available	at	all	times.	The	nursing	assistant	should	constantly	check	the	expiry	date	of	these	medicines.	Clinicians	and
assistants	should	have	also	undergone	training	to	deal	with	emergencies	like	syncope,	shock,	anaphylaxis,	and	should	be	well	versed	with	basic	life	support	(BLS)	and	cardiopulmonary	resuscitation	(	CPR)	procedures.	Thorough	Debridement	Although	scaling	and	root	planing	have	been	performed	previously	as	a	part	of	Phase	I	therapy,	all	exposed
root	surfaces	should	be	carefully	explored	and	planed	as	needed	during	surgery.	In	particular,	areas	of	difficult	access	(eg,	furcations,	deep	pockets)	often	have	rough	areas	or	even	calculus	that	was	undetected	during	the	preparatory	sessions.	The	assistant	who	is	retracting	the	tissues	and	using	the	aspirator	should	also	check	for	the	presence	of
calculus	and	the	smoothness	of	each	surface	from	a	different	angle.	Similarly	all	unhealthy	granulation	tissue	should	be	removed.	It	is	better	if	the	clinician	has	separate	sets	of	Gracey	curettes	for	root	planing	and	soft	tissue	manipulation.	Management	of	Bleeding	During	Surgery	Measures	to	Prevent	Transmission	of	Infection	The	most	optimal
surgical	protocol	regarding	asepsis	and	infection	control	should	be	strictly	followed.	Anesthesia	and	Sedation	Periodontal	surgery	should	be	painless	for	the	patient.	He	or	she	should	be	assured	of	this	at	the	outset	and	throughout	the	procedure.	The	most	reliable	means	of	providing	painless	surgery	is	the	effective	administration	of	local	anesthesia.
The	area	to	be	treated	should	be	thoroughly	anesthetized	by	means	of	regional	block	and	local	infiltration.	Injections	directly	into	the	interdental	papillae	may	also	be	helpful.	Occasionally,	for	prolonged	surgeries	a	long-acting	local	anesthetic	like	bupivacaine	may	be	useful.	The	use	of	conscious	sedation	for	periodontal	surgery	is	still	not	popular	in
most	of	the	Asian	countries	including	India.	Surgical	Plan	After	the	anesthesia	the	surgical	plan	is	reconfirmed	with	sounding	or	transgingival	probing.	The	type	of	surgical	technique	may	be	changed	even	at	this	stage	if	some	osseous	defects	are	detected	during	probing.	Tissue	Management	1.	Operate	gently	and	carefully.	In	addition	to	being	most
considerate	to	the	patient,	this	is	also	the	most	effective	way	to	operate.	Tissue	manipulation	should	be	precise,	deliberate,	and	gentle.	Thoroughness	is	essential,	but	roughness	must	be	avoided,	because	it	produces	excessive	tissue	injury,	causes	postoperative	discomfort,	and	delays	healing.	2.	Be	certain	that	the	instruments	are	sharp.	Instruments
must	be	sharp	to	be	effective;	successful	treatment	is	not	possible	without	sharp	instruments.	Dull	instruments	inflict	unnecessary	trauma	as	a	result	of	poor	cutting	and	excessive	force	applied	to	compensate	for	their	ineffectiveness.	A	sterile	sharpening	stone	should	be	available	on	the	operating	table	at	all	times.	3.	Proper	instruments,	such	as	right-
sized	BP	blades,	periosteal	elevator,	suture	needles	etc.,	should	be	used	for	optimal	tissue	management.	Hemostasis	is	an	important	aspect	of	periodontal	surgery,	because	good	intraoperative	control	of	bleeding	permits	an	accurate	visualization	of	the	extent	of	disease,	the	pattern	of	bone	destruction,	and	the	anatomy	and	condition	of	the	root
surfaces.	It	provides	the	operator	with	a	clear	view	of	the	surgical	site,	which	is	essential	for	wound	debridement	and	scaling	and	root	planing.	In	addition,	good	hemostasis	also	prevents	the	excessive	loss	of	blood	into	the	mouth,	oropharynx,	and	stomach.	Periodontal	surgery	can	produce	profuse	bleeding,	especially	during	the	initial	incisions	and
flap	reflection.	After	flap	reflection	and	the	removal	of	granulation	tissue,	bleeding	disappears	or	is	considerably	reduced.	Typically,	the	control	of	intraoperative	bleeding	can	be	managed	with	aspiration.	Continuous	suctioning	of	the	surgical	site	with	an	aspirator	is	indispensable	when	performing	periodontal	surgery.	Excessive	bleeding	during
surgery	occurs	because	of	soft	and	edematous	gingiva	due	to	improper	Phase	1	therapy.	Ragged	incisions,	partial	thickness	flaps,	or	retention	of	periosteum	may	also	contribute	to	excessive	bleeding.	Damage	to	greater	palatine	vessels	during	soft	tissue	graft	harvesting	could	result	in	bleeding.	Hence,	correct	incision	and	flap	reflection	and	well-
prepared	tissues	are	very	important	to	ensure	bloodless	surgery.	The	application	of	pressure	to	the	surgical	wound	with	a	moist	gauze	can	be	a	helpful	adjunct	to	control	site-specific	bleeding.	It	is	also	important	that	the	patient	is	not	encouraged	to	rinse	the	mouth	during	the	surgery	as	this	will	further	promote	bleeding.	Occasionally	despite	good
initial	preparation	and	sound	surgical	technique,	excessive	bleeding	occurs	during	surgery.	Hemostatic	agents,	such	as	absorbable	gelatin	sponge,	oxidized	cellulose,	etc.,	are	of	limited	use	when	there	is	continuous	bleeding.	The	best	way	to	overcome	this	problem	is	to	pack	the	sites	with	cotton	pledges	and	take	one	site	at	a	time	for	instrumentation.
If	bleeding	does	not	stop	then	it	is	prudent	to	close	the	flap	and	reexamine	the	patient	later	for	any	undiagnosed	hemorrhagic	disorders.	Periodontal	Dressings	(Periodontal	Packs)	In	most	cases,	after	the	surgical	periodontal	procedures	are	completed,	the	area	is	covered	with	a	surgical	pack.	In	general,	dressings	have	no	curative	properties;	they
assist	healing	by	protecting	the	tissue	rather	than	providing	"healing	factors."	The	pack	minimizes	the	likelihood	of	postoperative	infection	43	General	Principles	of	Periodontal	Surgery	,.	(A)	FIGURE	43.1	Preparing	the	surgical	pack	(Coe-Pak).	A,	Equal	lengths	of	the	two	pastes	are	placed	on	a	paper	pad.	B,	The	pastes	are	mixed	with	a	wooden	tongue
depressor	for	2	or	3	min	until.	C,	the	paste	loses	its	tackiness.	D,	The	mixed	paste	is	placed	in	a	paper	cup	of	water	at	room	temperature.	With	lubricated	fingers,	it	is	then	rolled	into	cylinders	and	placed	on	the	surgical	wound.	:,,	'	(B)	D)	(C)	and	hemorrhage,	facilitates	healing	by	preventing	surface	trauma	during	mastication,	and	protects	the	patient
from	pain	induced	by	contact	of	the	wound	with	food	or	with	the	tongue	during	mastication.	Zinc	Oxide-Eugenol	Packs	Packs	that	are	based	on	the	reaction	of	zinc	oxide	and	eugenol	include	the	Wondr	Pak,	which	was	developed	by	Ward	in	1923,	and	several	other	packs	that	use	modified	forms	of	Ward's	original	formula.	The	addition	of	accelerators
such	as	zinc	acetate	gives	the	dressing	a	better	working	time.	Zinc	oxide-eugenol	dressings	are	supplied	as	a	liquid	and	a	powder	that	are	mixed	before	use.	Eugenol	in	this	type	of	pack	may	induce	an	allergic	reaction	that	produces	reddening	of	the	area	and	burning	pain	in	some	patients.	Noneugenol	Packs	The	reaction	between	a	metallic	oxide	and
fatty	acids	is	the	basis	for	the	Coe-Pak,	which	is	the	most	widely	used	dressing.	This	is	supplied	in	two	tubes,	the	contents	of	which	are	mixed	immediately	before	use	until	a	uniform	color	is	obtained.	One	tube	contains	zinc	oxide,	an	oil	(for	plasticity),	a	gum	(for	cohesiveness),	and	Lorothidol	(a	fungicide);	the	other	tube	contains	liquid	coconut	fatty
acids	that	have	been	thickened	with	colophony	resin	(or	rosin)	and	chlorothymol	(a	bacteriostatic	agent).	This	dressing	does	not	contain	asbestos	or	eugenol,	thereby	avoiding	the	problems	associated	with	these	substances.	Other	noneugenol	packs	include	cyanoacrylates	and	tissue	conditioners	(methacrylate	gels).	However,	these	are	not	in	common
use.	Retention	of	Packs	Periodontal	dressings	are	usually	kept	in	place	mechanically	by	interlocking	in	interdental	spaces	and	joining	the	lingual	and	facial	portions	of	the	pack.	In	isolated	teeth	or	when	several	teeth	in	an	arch	are	missing,	retention	of	the	pack	may	be	difficult.	Numerous	reinforcements	and	splints	and	stents	for	this	purpose	have
been	described.	The	placement	of	dental	floss	tied	loosely	around	the	teeth	enhances	retention	of	the	pack.	495	Antibacterial	Properties	of	Packs	Improved	healing	and	patient	comfort	with	less	odor	and	taste	have	been	obtained	by	incorporating	antibiotics	into	the	pack.	Bacitracin,	oxytetracycline	(Terramycin),	neomycin,	and	nitrofurazone	have	been
tried,	but	all	of	these	may	produce	hypersensitivity	reactions.	The	emergence	of	resistant	organisms	and	opportunistic	infections	has	been	reported.	The	incorporation	of	tetracycline	powder	into	the	Coe-Pak	is	generally	recommended,	particularly	when	long	and	traumatic	surgeries	are	performed.	Allergy	Contact	allergies	to	eugenol	and	rosin	have
been	reported.	Preparation	and	Application	of	Dressing	Zinc	oxide	packs	are	mixed	with	eugenol	or	noneugenol	liquids	on	a	wax	paper	pad	with	a	wooden	tongue	depressor.	The	powder	is	gradually	incorporated	with	the	liquid	until	a	thick	paste	is	formed.	The	Coe-Pak	is	prepared	by	mixing	equal	lengths	of	paste	from	tubes	that	contain	the
accelerator	and	the	base	until	the	resulting	paste	is	a	uniform	color	(Fig.	4	3.	lA-C).	A	capsule	of	tetracycline	powder	can	be	added	at	this	time.	The	pack	is	then	placed	in	a	cup	of	water	at	room	temperature	(Fig.	43.lD).	After	2-3	min,	the	paste	loses	its	tackiness,	and	it	can	be	handled	and	molded;	it	remains	workable	for	1520	min.	The	working	time
can	be	shortened	by	adding	a	small	amount	of	zinc	oxide	to	the	accelerator	(pink	paste)	before	spatula	ting.	The	pack	is	then	rolled	into	two	strips	that	are	approximately	the	length	of	the	treated	area.	The	end	of	one	strip	is	bent	into	a	hook	shape	and	fitted	around	the	distal	surface	of	the	last	tooth	to	approach	that	tooth	from	the	distal	surface	(Fig.	4
3.2A).	The	remainder	of	the	strip	is	brought	forward	along	the	facial	surface	to	the	midline	and	gently	pressed	into	place	along	the	gingival	margin	and	interproximally.	The	second	strip	is	applied	from	the	lingual	surface.	It	is	joined	to	the	pack	at	the	distal	surface	of	the	last	tooth	and	then	brought	forward	along	the	gingival	margin	to	the	midline
(Fig.	43.2B).	The	strips	are	joined	interproximally	by	applying	gentle	pressure	on	the	facial	and	lingual	surfaces	of	the	pack	(Fig.	44.2C).	496	PART	2	Clinical	Periodontics	(A)	FIGURE	43.4	sion.	(8)	FIGURE	43.2	Inserting	the	periodontal	pack.	A,	A	strip	of	pack	is	hooked	around	the	last	molar	and	pressed	into	place	anteriorly.	B,	The	lingual	pack	is
joined	to	the	facial	strip	at	the	distal	surface	of	the	last	molar	and	fitted	into	place	anteriorly.	C,	Gentle	pressure	on	the	facial	and	lingual	surfaces	joins	the	pack	interproximally.	Periodontal	pack	should	not	interfere	with	the	occlu-	experience.	It	is	not	a	rigid	requirement;	the	period	may	be	extended,	or	the	area	may	be	repacked	for	an	additional
week.	Fragments	of	the	surface	of	the	pack	may	come	off	during	the	week,	but	this	presents	no	problem.	If	a	portion	of	the	pack	is	lost	from	the	operated	area	and	the	patient	is	uncomfortable,	it	is	usually	best	to	repack	the	area.	The	clinician	should	remove	the	remaining	pack,	wash	the	area	with	warm	water,	and	apply	a	topical	anesthetic	before
replacing	the	pack,	which	is	then	retained	for	1	week.	Again,	the	patient	may	develop	pain	from	an	overextended	margin	that	irritates	the	vestibule,	the	floor	of	the	mouth,	or	the	tongue.	The	excess	pack	should	be	trimmed	away,	with	care	taken	to	ensure	that	the	new	margin	is	not	rough,	before	the	patient	is	dismissed.	Postoperative	Instructions
After	the	pack	is	placed,	printed	instructions	are	given	to	the	patient	to	be	read	before	he	or	she	leaves	the	chair	(Box	4	3	.1).	First	Postoperative	Week	FIGURE	43.3	Continuous	pack	covers	the	edentulous	space.	For	isolated	teeth	separated	by	edentulous	spaces,	the	pack	should	be	made	continuous	from	tooth	to	tooth	to	cover	the	edentulous	areas
(Fig.	43.3).	When	split	flaps	have	been	performed,	the	area	should	be	covered	with	tinfoil	to	protect	the	sutures	before	the	pack	is	placed.	The	pack	should	cover	the	gingiva,	but	overextension	onto	uninvolved	mucosa	should	be	avoided.	Excess	pack	irritates	the	mucobuccal	fold	and	the	floor	of	the	mouth,	and	it	interjeres	with	the	tongue.
Overextension	also	jeopardizes	the	remainder	of	the	pack,	because	the	excess	tends	to	break	off	and	to	take	pack	from	the	operated	area	with	it.	Pack	that	interjeres	with	the	occlusion	should	be	trimmed	away	before	the	patient	is	dismissed	(Fig.	43.4).	Failure	to	do	this	causes	discomfort	and	Jeopardizes	retention	of	the	pack.	The	operator	should	ask
the	patient	to	move	the	tongue	forcibly	out	and	to	each	side,	and	the	cheek	and	lips	should	be	displaced	in	all	directions	to	mold	the	pack	while	it	is	still	soft.	After	the	pack	has	set,	it	should	be	trimmed	to	eliminate	all	excess.	As	a	general	rule,	the	pack	is	kept	on	for	1	week	after	surgery.	This	guideline	is	based	on	the	usual	timetable	of	healing	and
clinical	When	it	is	properly	performed,	periodontal	surgery	presents	no	serious	postoperative	problems.	Patients	should	be	told	to	rinse	with	0.12	or	0.2%	chlorhexidine	gluconate	twice	daily	starting	from	the	day	after	the	surgical	procedure	until	normal	plaque	control	techniques	can	be	resumed.	The	following	complications	may	arise	during	the	first
postoperative	week,	although	they	are	the	exception	rather	than	the	rule:	1.	Persistent	bleeding	after	surgery.	The	pack	is	removed,	the	bleeding	points	are	located,	the	cause	of	bleeding	is	identified	and	eliminated.	The	bleeding	is	stopped	with	pressure,	electrosurgery,	and	the	use	of	hemostatic	agents.	Sometimes	a	loose	suture	might	have	resulted
in	bleeding,	which	requires	resuturing.	After	the	bleeding	is	stopped,	the	area	is	repacked.	2.	Sensitivity	to	percussion.	Extension	of	inflammation	into	the	periodontal	ligament	may	cause	sensitivity	to	percussion.	The	patient	should	be	questioned	regarding	the	progress	of	the	symptoms.	Gradually	diminishing	severity	is	a	favorable	sign.	The	pack
should	be	removed	and	the	gingiva	checked	for	localized	areas	of	infection	or	irritation,	which	should	be	cleaned	or	incised	to	provide	drainage.	Particles	of	calculus	that	may	have	been	overlooked	should	be	removed.	Relieving	the	occlusion	is	usually	helpful.	Sensitivity	to	percussion	may	also	be	caused	by	excess	pack,	43	General	Principles	of
Periodontal	Surgery	Instructions	After	Periodontal	Surgery	Instructions	for	The	following	information	about	your	gum	operation	has	been	prepared	to	answer	questions	that	you	may	have	about	how	to	take	care	of	your	mouth.	Please	read	the	instructions	carefully;	our	other	patients	have	found	them	to	be	very	helpful.	Although	there	will	be	little	or
no	discomfort	when	the	anesthesia	wears	off,	you	should	take	the	prescribed	painkiller	at	the	given	dosage.	We	have	placed	a	periodontal	pack	over	your	gums	to	protect	them	from	irritation.	The	pack	prevents	pain,	helps	with	healing,	and	enables	you	to	carry	on	most	of	your	usual	activities	in	comfort.	The	pack	will	harden	in	a	few	hours,	after	which
it	can	withstand	most	of	the	forces	of	chewing	without	breaking	off.	It	may	take	a	little	while	to	become	accustomed	to	it.	The	pack	should	remain	in	place	until	it	is	removed	in	the	office	at	your	next	appointment.	If	particles	of	the	pack	chip	off	during	the	week,	do	not	be	concerned	as	long	as	you	do	not	have	pain.	If	a	piece	of	the	pack	breaks	off	and



you	are	in	pain	or	if	a	rough	edge	irritates	your	tongue	or	cheek,	please	call	the	office.	The	problem	can	be	easily	remedied	by	replacing	the	pack.	For	the	first	24	hours	after	the	operation,	avoid	hot	and	hard	foods.	Later	you	can	eat	anything	you	can	manage,	but	try	to	chew	on	the	nonoperated	side	of	your	mouth.	Semisolid	or	finely	minced	foods	are
suggested	in	case	you	find	difficulty	in	chewing.	Avoid	citrus	fruits	and	fruit	juices,	highly	spiced	foods,	and	alcoholic	beverages;	these	will	cause	pain.	Food	supplements	or	vitamins	are	generally	not	necessary.	Do	not	smoke.	The	heat	and	smoke	will	irritate	your	gums,	and	the	immunologic	effects	of	nicotine	will	delay	healing	and	prevent	a
completely	successful	outcome	of	the	procedure	that	was	performed.	If	possible,	use	this	opportunity	to	give	up	smoking.	In	addition	to	all	other	well-known	health	risks,	smokers	have	more	gum	disease	than	nonsmokers.	which	interferes	with	the	occlusion.	Removal	of	the	excess	usually	corrects	the	condition.	3.	Swelling.	During	the	first	2
postoperative	days,	some	patients	may	report	a	soft,	painless	swelling	of	the	cheek	in	the	surgical	area.	Lymph	node	enlargement	may	occur,	and	the	temperature	may	be	slightly	elevated.	The	area	of	operation	itself	is	usually	symptom	free.	This	type	of	involvement	results	from	a	localized	inflammatory	reaction	to	the	procedure.	It	generally	subsides
by	the	fourth	postoperative	day,	without	necessitating	the	removal	of	the	pack.	If	swelling	persists,	becomes	worse,	or	is	associated	with	increased	pain,	amoxicillin	(500	mg)	should	be	taken	every	8	h	for	1	week,	and	the	patient	should	also	be	instructed	to	rinse	frequently	with	warm	saline.	The	antibiotic	should	also	be	used	as	a	prophylactic	measure
after	the	next	procedure,	starting	before	the	surgical	appointment.	It	is	also	stressed	here	that	enzymatic	preparations	such	as	trypsin,	chymotrypsin,	serratiopeptidase,	and	chlorzoxazone	are	ineffective	in	such	situations.	4.	Feeling	of	weakness.	Occasionally,	patients	report	having	experienced	a	"washed-out,"	weakened	feeling	for	about	24	h	after
surgery.	This	represents	a	systemic	reaction	to	a	transient	bacteremia	induced	by	the	procedure.	This	reaction	is	prevented	by	premedication	with	amoxicillin	(500	mg)	every	8	h,	beginning	24	h	before	the	next	procedure	and	continuing	for	5	days	postoperatively.	497	(Patient's	Name)	Do	not	brush	over	the	pack.	Brush	and	floss	the	areas	of	the
mouth	that	are	not	covered	by	the	pack	as	you	normally	would	do.	Use	chlorhexidine	oral	rinses	half	an	hour	after	brushing;	a	prescription	for	this	rinse	has	been	given	to	you.	During	the	first	day,	apply	ice	intermittently	to	your	face	over	the	operated	area.	It	is	also	beneficial	to	suck	on	ice	chips	intermittently	during	the	first	24	hours.	These	methods
will	keep	tissues	cool	and	reduce	inflammation	and	swelling.	You	may	experience	a	slight	feeling	of	weakness	or	chills	during	the	first	24	hours.	This	should	not	be	a	cause	for	alarm,	but	it	should	be	reported	at	your	next	visit.	Follow	your	regular	daily	activities,	but	avoid	excessive	exertion	of	any	type.	Golf,	tennis,	skiing,	bowling,	swimming,	and
sunbathing	should	be	postponed	for	a	few	days	after	the	operation.	Swelling	is	not	unusual,	particularly	in	areas	that	required	extensive	surgical	procedures.	The	swelling	generally	begins	1	to	2	days	after	the	operation	and	subsides	gradually	after	3	or	4	days.	If	this	occurs,	apply	moist	heat	over	the	operated	area.	If	the	swelling	is	painful	or	appears
to	become	worse,	please	call	the	office.	Occasionally,	blood	may	be	seen	in	the	saliva	for	the	first	4	or	5	hours	after	the	operation.	This	is	not	unusual,	and	it	will	correct	itself.	If	there	is	considerable	bleeding	beyond	this,	take	a	piece	of	gauze,	form	it	into	the	shape	of	the	letter	U,	hold	it	with	your	thumb	and	index	finger,	apply	it	to	both	sides	of	the
pack,	and	hold	it	there	under	pressure	for	20	minutes.	Do	not	remove	it	during	this	period	to	examine	it.	If	the	bleeding	does	not	stop	at	the	end	of	20	minutes,	please	contact	the	office.	Do	not	try	to	stop	bleeding	by	rinsing	the	area	with	water.	After	the	pack	is	removed,	the	gums	most	likely	will	bleed	more	than	they	did	before	the	operation.	This	is
perfectly	normal	during	the	early	stage	of	healing,	and	it	will	gradually	subside.	Do	not	stop	cleaning	because	of	it.	If	any	other	problems	arise,	please	cal	I	the	office.	Removal	of	Pack	and	Return	Visit	When	the	patient	returns	after	1	week,	the	periodontal	pack	is	taken	off	by	inserting	a	surgical	hoe	along	the	margin	and	exerting	gentle	lateral
pressure.	Pieces	of	pack	retained	interproximally	and	particles	adhering	to	the	tooth	surfaces	are	removed	with	scalers.	Particles	may	be	enmeshed	in	the	cut	surface	and	should	be	carefully	picked	off	with	fine	cotton	pliers.	The	entire	area	is	rinsed	with	peroxide	to	remove	superficial	debris.	Findings	at	Pack	Removal	The	following	are	usual	findings
when	the	pack	is	removed:	•	If	a	gingivectomy	has	been	performed,	the	cut	surface	is	covered	with	a	friable	meshwork	of	new	epithelium,	which	should	not	be	disturbed.	If	calculus	has	not	been	completely	removed,	red,	bead-like	protuberances	of	granulation	tissue	will	persist.	The	granulation	tissue	must	be	removed	with	a	curette	to	expose	the
calculus	so	that	it	can	be	removed	and	so	the	root	can	be	planed.	Removal	of	the	granulation	tissue	without	the	removal	of	calculus	is	followed	by	recurrence.	•	After	a	flap	operation,	the	areas	that	correspond	to	the	incisions	are	epithelialized,	but	they	may	bleed	readily	when	touched;	they	should	not	be	disturbed.	Pockets	should	not	be	probed.	•	The
facial	and	lingual	mucosa	may	be	covered	with	a	grayish-yellow	or	white	granular	layer	of	food	debris	that	has	498	PART	2	Clinical	Periodontics	seeped	under	the	pack.	This	is	easily	removed	with	a	moist	cotton	pellet.	The	root	surfaces	may	be	sensitive	to	a	probe	or	to	thermal	changes,	and	the	teeth	may	be	stained.	•	Fragments	of	calculus	delay
healing.	Each	root	surface	should	be	rechecked	visually	to	be	certain	that	no	calculus	is	present.	Sometimes	the	color	of	the	calculus	is	similar	to	that	of	the	root.	The	grooves	on	proximal	root	surfaces	and	the	furcations	are	areas	where	calculus	is	likely	to	be	overlooked.	Repacking	After	the	pack	is	removed,	it	is	usually	not	necessary	to	replace	it.
However,	repacking	for	an	additional	week	is	advised	for	the	following	types	of	patients:	(1)	those	with	a	low	pain	threshold	who	are	particularly	uncomfortable	when	the	pack	is	removed;	(2)	those	with	unusually	extensive	periodontal	involvement;	or	(3)	those	who	heal	slowly	Clinical	judgment	helps	when	deciding	whether	to	repack	the	area	or	leave
the	initial	pack	on	for	more	than	1	week.	Tooth	Mobility	Tooth	mobility	is	increased	immediately	after	surgery,	but	it	diminishes	below	the	pretreatment	level	by	the	fourth	week.	Mouth	Care	Between	Procedures	Care	of	the	mouth	by	the	patient	between	the	treatment	of	the	first	and	the	final	areas	as	well	as	after	surgery	is	completed	is	extremely
important.	These	measures	should	begin	after	the	pack	is	removed	from	the	first	surgery.	The	patient	has	been	through	a	presurgical	period	of	instructed	plaque	control	and	should	be	reinstructed	at	this	time.	Vigorous	brushing	is	not	feasible	during	the	first	week	after	the	pack	is	removed.	However,	the	patient	is	informed	that	plaque	and	food
accumulation	impair	healing,	and	he	or	she	is	advised	to	try	to	keep	the	area	as	clean	as	possible	with	the	gentle	use	of	soft	toothbrushes	and	light	water	irrigation.	Rinsing	with	a	chlorhexidine	mouthwash	or	applying	such	a	rinse	topically	with	cotton-tipped	applicators	is	indicated	for	the	first	few	postoperative	weeks,	particularly	in	advanced	cases.
Brushing	is	introduced	when	the	healing	of	the	tissues	permits	it;	the	vigor	of	the	overall	hygiene	regimen	is	increased	as	healing	progresses.	Patients	should	be	told	that	(1)	more	gingival	bleeding	will	most	likely	occur	than	was	present	before	the	procedure;	(2)	that	this	bleeding	is	perfectly	normal	and	that	is	will	subside	as	healing	progresses;	and
(3)	that	it	should	not	deter	them	from	following	their	oral	hygiene	regimen.	infection.	Overextension	of	periodontal	dressing	and	failure	by	the	patient	to	follow	postoperative	instructions.	A	combination	of	ibuprofen	and	paracetamol	taken	8	hourly	usually	suffices.	Presence	of	infection	if	any	should	be	managed	with	systemic	antibiotics.	Treatment	of
Sensitive	Roots	Root	hypersensitivity	is	a	relatively	common	problem	in	periodontal	practice.	It	may	occur	spontaneously	when	the	root	becomes	exposed	as	a	result	of	gingival	recession	or	pocket	formation,	or	it	may	appear	after	scaling	and	root	planing	and	surgical	procedures.	This	type	of	sensitivity	is	manifested	as	pain	that	is	induced	by	cold	or
hot	temperature	(more	often	cold),	by	citrus	fruits	or	sweets,	or	by	contact	with	a	toothbrush	or	a	dental	instrument.	Root	sensitivity	occurs	more	frequently	in	the	cervical	area	of	the	root,	where	the	cementum	is	extremely	thin.	Scaling	and	root	planing	procedures	remove	this	thin	cementum,	thereby	inducing	the	hypersensitivity.	The	transmission	of
stimuli	from	the	surface	of	the	dentin	to	the	nerve	endings	located	in	the	dental	pulp	or	in	the	pulpal	region	of	the	dentin	could	result	from	the	odontoblastic	process	or	from	a	hydrodynamic	mechanism	(ie,	the	displacement	of	dentinal	fluid).	The	latter	process	seems	more	likely	and	would	explain	the	importance	of	burnishing	desensitizing	agents	to
obturate	the	dentinal	tubule.	An	important	factor	for	reducing	or	eliminating	hypersensitivity	is	adequate	plaque	control.	However,	hypersensitivity	may	prevent	plaque	control,	and	therefore	a	vicious	cycle	of	escalating	hypersensitivity	and	plaque	accumulation	may	be	created.	The	patient	should	be	informed	about	the	possibility	of	root
hypersensitivity	before	treatment	is	undertaken.	The	following	information	about	how	to	cope	with	the	problem	should	also	be	given	to	the	patient:	1.	Hypersensitivity	appears	as	a	result	of	the	exposure	of	dentin,	which	is	inevitable	if	calculus,	plaque,	and	their	products,	which	are	buried	in	the	root,	are	to	be	removed.	2.	Hypersensitivity	slowly
disappears	over	a	few	weeks.	3.	An	important	factor	in	reducing	hypersensitivity	is	plaque	control.	4.	Desensitizing	agents	must	be	used	for	several	days	or	even	weeks	until	sensitivity	disappears.	The	reader	is	advised	to	refer	standard	textbooks	and	articles	for	the	detailed	pathology	and	management	of	dentinal	hypersensitivity.	Management	of
Postoperative	Pain	Hospital	Periodontal	Surgery	Periodontal	surgery	that	follows	the	basic	principles	outlined	here	should	produce	only	minor	pain	and	discomfort.	A	study	of	304	consecutive	periodontal	surgical	interventions	revealed	that	51.3%	of	the	patients	reported	minimal	or	no	postoperative	pain,	and	only	4.6%	reported	severe	pain.	Of	these,
only	20.1	%	took	five	or	more	doses	of	analgesic.	The	same	study	showed	that	mucogingival	procedures	result	in	6	times	more	discomfort	and	that	osseous	surgery	is	3.5	times	more	uncomfortable	than	plastic	gingival	surgery	For	the	few	patients	who	may	have	severe	pain,	its	control	then	becomes	an	important	part	of	patient	management.	Excessive
postoperative	pain	may	be	caused	due	to	long	duration	of	surgery,	overzealous	osseous	tampering,	and	Ordinarily,	periodontal	surgery	is	an	office	procedure	that	is	performed	in	quadrants	or	sextants,	usually	at	biweekly	or	longer	intervals.	Under	certain	circumstances,	however,	it	is	in	the	best	interest	of	the	patient	to	treat	the	mouth	with	only	one
surgery,	with	the	patient	in	a	hospital	operating	room	and	under	general	anesthesia.	Indications	Indications	for	hospital	periodontal	surgery	include	the	optimal	control	and	management	of	apprehension,	convenience	for	individuals	who	cannot	endure	multiple	visits	to	complete	surgical	treatment	and	patient	protection.	43	General	Principles	of
Periodontal	Surgery	Patient	Apprehension	Gentleness,	understanding,	and	preoperative	sedation	usually	suffice	to	calm	the	fears	of	most	patients.	For	some	patients,	however,	the	prospect	of	a	series	of	surgical	procedures	is	sufficiently	stressful	to	trigger	disturbances	that	jeopardize	their	well-being	and	hamper	treatment.	Explaining	that	the
treatment	at	the	hospital	will	be	performed	painlessly	and	that	it	will	be	accomplished	by	a	level	of	anesthesia	that	is	neither	practical	nor	safe	for	patients	in	a	dental	office	is	an	important	step	in	allaying	patient	fears.	The	thought	of	completing	the	necessary	surgical	procedures	in	one	session	rather	than	in	repeated	visits	is	an	added	comfort	to
many	patients,	because	it	eliminates	the	prospect	of	repeated	anxiety	in	anticipation	of	each	treatment.	Patient	Convenience	With	complete	mouth	surgery,	there	is	less	stress	for	the	patient	and	less	time	involved	in	postoperative	care.	For	patients	whose	occupation	entails	considerable	contact	with	the	public,	surgery	performed	at	biweekly	intervals
sometimes	presents	a	significant	problem.	It	means	that,	for	several	weeks,	some	area	of	the	mouth	will	have	undergone	surgery	and	may	be	covered	by	a	periodontal	pack.	With	the	complete	mouth	technique,	the	surgery	is	completed	in	one	visit.	Although	the	pack	may	cover	the	entire	treated	area,	it	is	usually	only	retained	for	1	week.	Patients	find
this	an	acceptable	alternative	to	several	weeks	of	discomfort	in	different	areas	of	the	mouth	and	multiple	dressing	applications.	For	a	variety	of	other	reasons,	patients	may	prefer	to	address	their	surgical	needs	in	one	session	under	optimal	"operating	room"	conditions.	499	Patients	with	systemic	problems	(eg,	history	of	rheumatic	fever,
cardiovascular	problems)	are	premedicated	as	needed.	Anesthesia	Local	or	general	anesthesia	may	be	used.	Local	anesthesia	is	the	method	of	choice,	except	for	especially	apprehensive	patients.	It	permits	unhampered	movement	of	the	head,	which	is	necessary	for	optimal	visibility	and	accessibility	to	the	various	root	surfaces.	Local	anesthesia	is	used
in	the	same	manner	as	for	routine	periodontal	surgery.	When	general	anesthesia	is	indicated,	it	is	administered	by	an	anesthesiologist.	It	is	important	that	the	patient	also	receives	local	anesthesia,	administered	as	for	routine	periodontal	surgery,	to	ensure	comfort	for	the	patient	and	reduced	bleeding	during	the	procedure.	The	judicious	use	of	local
anesthetics	to	block	regional	nerves	allows	the	level	of	sedation	or	general	anesthesia	to	be	lighter.	Hence,	the	entire	operation	is	performed	with	a	wider	margin	of	safety.	Positioning	and	Periodontal	Dressing	Surgery	in	the	operating	room	is	typically	performed	on	the	operating	table	with	the	patient	lying	down	and	the	table	either	positioned	flat	or
with	the	head	inclined	up	to	30	degrees.	Some	operating	rooms	are	equipped	with	dental	chairs	that	can	be	used	either	flat	or	at	up	to	30	degrees	of	inclination.	When	general	anesthesia	is	used,	it	is	advisable	to	delay	placing	the	periodontal	dressing	until	the	patient	has	recovered	sufficiently	to	have	a	demonstrable	cough	reflex.	Periodontal
dressings	placed	before	the	end	of	general	anesthesia	can	be	displaced	during	the	recovery	period	and	pose	serious	risks	of	blocking	the	airway.	Patient	Protection	Some	patients	have	systemic	conditions	that	are	not	severe	enough	to	contraindicate	elective	surgery	but	that	may	require	special	precautions	that	are	best	provided	in	a	hospital	setting.
This	group	includes	(but	is	not	limited	to)	patients	with	severe	cardiovascular	disease,	abnormal	bleeding	tendencies,	hyperthyroidism,	or	uncontrolled	hypertension.	Treating	such	a	patient	in	a	hospital	operating	room	or	an	equivalent	procedure	room	with	an	anesthesiologist	present	to	monitor	and	manage	the	vitals	signs	and	comfort	level
throughout	the	surgical	procedure	is	the	safest	way	to	manage	him	or	her.	The	purpose	of	hospitalization	is	to	protect	patients	by	anticipating	their	special	needs,	not	to	perform	periodontal	surgery	when	it	is	contraindicated	by	the	patient's	general	condition.	For	some	patients,	elective	surgery	is	contraindicated,	regardless	of	whether	it	is	performed
in	the	dental	office	or	the	hospital.	When	consultation	with	the	patient's	physician	leads	to	this	decision,	palliative	periodontal	therapy	in	the	form	of	scaling	and	root	planing,	if	permissible,	is	the	necessary	compromise.	Patient	Preparation	Premedication	Patients	should	be	given	a	sedative	the	night	before	surgery.	Benzodiazepines	work	well	for	most
patients	because	they	allow	the	patient	to	sleep	well	the	night	before	surgery.	If	the	patient	is	extremely	nervous	about	the	procedure,	it	is	also	helpful	to	advise	him	or	her	to	take	a	benzodiazepine	the	morning	of	surgery.	This	ensures	that	the	patient	will	be	as	rested	and	relaxed	as	possible	before	surgery.	Postoperative	Instructions	After	a	full
recovery	from	general	anesthesia,	most	patients	can	be	discharged	home	with	a	responsible	adult.	The	effects	of	general	anesthesia	and	sedative	agents	make	the	patient	drowsy	for	hours,	and	adult	supervision	at	home	is	recommended	for	up	to	24	h	after	surgery.	The	typical	postoperative	instructions	should	be	given	to	the	responsible	adult,	and	the
patient	should	be	scheduled	for	a	postoperative	visit	in	1	week.	Conclusions	The	majority	of	periodontal	surgeries	can	be	carried	out	solely	with	the	thorough	application	of	local	anesthesia,	but	clinicians	have	the	obligation	to	ensure	a	patient-centered	approach	that	includes	oral,	intravenous,	and	inhalational	sedation	in	their	spectrum	of	available
services	to	be	used	as	needed.	The	efficient,	precise,	and	minimally	traumatic	management	of	tissues	is	the	way	to	obtain	the	best	clinical	outcomes.	All	patients	need	oral	analgesic	support,	and	they	should	be	given	the	necessary	pain-relieving	medications	so	that	an	effective	level	of	analgesic	is	present	during	the	immediate	postsurgical	period	and
thereafter	as	needed.	The	use	of	longer-acting	local	anesthesia	agents	(eg,	bupivacaine)	and	protective	periodontal	dressings	also	helps	to	reduce	postsurgical	pain.	During	the	immediate	postsurgical	weeks,	plaque	control	and	healing	are	enhanced	by	the	use	of	antimicrobial	mouthrinses	such	as	chlorhexidine.	Postsurgical	root	sensitivity	is	well
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Chapter	Outline	Gingival	Curettage	Gingivectomy	Gingivectomy	by	Electrosurgery	Gingivectomy	by	Chemosurgery	Conclusions	Periodontal	pocket	reduction	surgery	limited	to	the	gingival	tissues	only	and	not	involving	the	underlying	osseous	structures,	without	the	use	of	flap	surgery,	can	be	classified	as	gingival	curettage,	gingivectomy,	and
gingivoplasty.	Both	gingival	curettage	and	gingivectomy	have	limited	use	currently	because	of	the	change	in	the	understanding	of	etiology	of	periodontal	disease.	Gingival	Curettage	The	word	curettage	is	used	in	periodontics	to	mean	the	scraping	of	the	gingival	wall	of	a	periodontal	pocket	to	remove	diseased	soft	tissue.	Scaling	refers	to	the	removal
of	deposits	from	the	root	surface,	whereas	planing	means	smoothing	the	root	to	remove	infected	and	necrotic	tooth	substance.	Scaling	and	root	planing	may	inadvertently	include	curettage	to	a	certain	degree.	This	is	often	called	inadvertent	curettage.	However,	they	are	different	procedures	with	different	rationales	and	indications.	Both	should	be
considered	as	separate	parts	of	periodontal	treatment.	This	chapter	refers	to	the	intentional	curettage	performed	during	the	same	visit	as	scaling	and	root	planing	or	as	a	separate	procedure	to	reduce	pocket	depth	by	enhancing	gingival	shrinkage,	new	connective	tissue	attachment,	or	both.	Rationale	Curettage	accomplishes	the	removal	of	the
chronically	inflamed	granulation	tissue	that	forms	in	the	lateral	wall	of	the	periodontal	pocket.	This	tissue,	in	addition	to	the	usual	components	of	granulation	tissues	(ie,	fibroblastic	and	angioblastic	proliferation),	contains	areas	of	chronic	inflammation,	and	it	may	also	contain	pieces	of	dislodged	calculus	and	bacterial	colonies.	The	latter	may
perpetuate	the	pathologic	features	of	the	tissue	and	hinder	healing.	This	inflamed	granulation	tissue	is	lined	by	epithelium,	and	deep	strands	of	epithelium	penetrate	into	the	tissue.	The	presence	of	this	epithelium	is	construed	as	a	barrier	to	the	attachment	of	new	fibers	in	the	area.	However,	this	rationale	has	been	questioned	because	of	the	following
reasons.	When	the	root	is	thoroughly	planed,	the	major	source	of	bacteria	disappears,	and	the	pathologic	changes	in	the	tissues	adjacent	to	the	pocket	resolve	with	no	need	to	eliminate	the	inflamed	granulation	tissue	by	curettage.	The	existing	granulation	tissue	is	slowly	resorbed,	and	the	bacteria	present	in	the	tissue	without	replenishment	of	their
numbers	from	the	plaque	in	the	pocket	are	destroyed	by	the	defense	mechanisms	of	the	host.	It	has	been	shown	that	scaling	and	root	planing	with	additional	curettage	do	not	improve	the	condition	of	the	periodontal	tissues	beyond	the	improvement	that	results	from	scaling	and	root	planing	alone.	The	second	reason	is	the	fact	that	curettage	may	not
remove	pocket	lining	and	junctional	epithelium	consistently	Third,	it	has	also	been	shown	that	curettage	done	in	an	anterior	esthetic	zone	may	result	in	more	shrinkage	compared	to	root	planing	alone.	Notwithstanding	the	above	reservations	curettage	might	be	still	indicated	in	the	following	situations.	1.	Curettage	can	be	attempted	as	a	nondefinitive
procedure	to	reduce	inflammation	when	aggressive	surgical	techniques	(eg,	flaps)	are	contraindicated	in	patients	as	a	result	of	their	age,	systemic	problems,	psychologic	problems,	or	other	factors.	It	should	be	understood	that,	in	these	patients,	the	goal	of	pocket	elimination	is	compromised,	and	their	prognosis	is	impaired.	The	clinician	should
attempt	this	approach	only	when	the	indicated	surgical	techniques	cannot	be	performed	and	both	the	clinician	and	the	patient	have	a	clear	understanding	of	its	limitations.	2.	Curettage	is	also	frequently	performed	on	recall	visits	as	a	method	of	maintenance	treatment	for	areas	of	recurrent	inflammation	and	pocket	depth,	especially	where	pocket
reduction	surgery	has	previously	been	performed.	Careful	probing	should	establish	the	extent	of	the	required	root	planing	and	curettage.	501	502	PART	2	Clinical	Periodontics	(8)	(A)	FIGURE	44.1	Gingival	curettage	performed	with	a	horizontal	stroke	of	the	curette.	FIGURE	44.3	Excisional	new	attachment	procedure.	A,	Internal	bevel	incision	to	a
point	below	the	bottom	of	the	pocket.	B,	After	the	excision	of	tissue,	scaling	and	root	planing	are	performed.	Procedure	Other	Techniques	Basic	Technique	Curettage	does	not	eliminate	the	causes	of	inflammation	(ie,	bacterial	plaque	and	deposits).	Therefore,	curettage	should	always	be	preceded	by	scaling	and	root	planing,	which	is	the	basic
periodontal	therapy	procedure.	The	use	of	local	infiltrative	anesthesia	for	scaling	and	root	planing	is	optional.	However,	gingival	curettage	will	always	require	some	type	of	local	anesthesia.	The	curette	is	selected	so	that	the	cutting	edge	is	against	the	tissue.	Curettage	can	be	performed	either	by	area-specific	Gracey	curettes	or	Columbia	Universal
curettes.	The	instrument	is	inserted	to	engage	the	inner	lining	of	the	pocket	wall,	and	it	is	then	carried	along	the	soft	tissue,	usually	in	a	horizontal	stroke	(Fig.	44.1)	The	pocket	wall	may	be	supported	by	gentle	finger	pressure	on	the	external	surface.	The	curette	is	then	placed	under	the	most	apical	edge	of	the	junctional	epithelium	to	undermine	it.
During	subgingival	curettage,	the	tissues	attached	between	the	bottom	of	the	pocket	and	the	alveolar	crest	are	removed	with	a	scooping	motion	of	the	curette	to	the	tooth	surface	(Fig.	44.2).	The	area	is	flushed	to	remove	debris,	and	the	tissue	is	partly	adapted	to	the	tooth	by	gentle	finger	pressure.	In	some	cases,	the	suturing	of	separated	papillae
and	the	application	of	a	periodontal	pack	may	be	indicated.	(A)	FIGURE	44.2	completed.	(8)	Other	techniques	for	gingival	curettage	include	the	excisional	new	attachment	procedure,	ultrasonic	curettage,	and	the	use	of	caustic	drugs.	Excisional	New	Attachment	Procedure.	The	excisional	new	attachment	procedure	which	was	developed	and	used	by
the	US	Naval	Dental	Corps	is	a	definitive	subgingival	curettage	procedure	that	is	performed	with	a	knife.	Its	usefulness	is	very	limited	today	as	it	has	been	found	that	most	of	the	time	healing	occurs	by	formation	of	long	junctional	epithelium	rather	than	any	true	new	attachment	(Fig.	44.3).	Ultrasonic	Curettage.	The	use	of	ultrasonic	devices	has	been
recommended	for	gingival	curettage.	When	applied	to	the	gingiva	of	experimental	animals,	ultrasonic	vibrations	disrupt	tissue	continuity,	lift	off	the	epithelium,	dismember	collagen	bundles,	and	alter	the	morphologic	features	of	fibroblast	nuclei.	Ultrasonics	are	effective	for	debriding	the	epithelial	lining	of	periodontal	pockets.	This	results	in	a	narrow
band	of	necrotic	tissue	(microcauterization),	which	strips	off	the	inner	lining	of	the	pocket.	The	Morse	scaler-shaped	and	rod-shaped	ultrasonic	instruments	are	used	for	this	purpose.	Some	investigators	found	ultrasonic	instruments	to	be	as	effective	as	manual	instruments	for	curettage	and	that	such	tools	resulted	in	less	inflammation	(C)	Subgingival
curettage.	A,	Elimination	of	pocket	lining.	B,	Elimination	of	junctional	epithelium	and	granulation	tissue.	C,	Procedure	44	Gingival	Surgical	Techniques	503	and	less	removal	of	underlying	connective	tissue.	The	gingiva	can	be	made	more	firm	for	ultrasonic	curettage	by	injecting	the	anesthetic	solution	directly	into	it.	2.	Elimination	of	gingival
enlargements.	3.	Elimination	of	suprabony	periodontal	abscesses.	Caustic	Drugs.	These	were	used	in	the	past	and	were	by	and	large	ineffective	besides	causing	untoward	damage	to	the	tissues.	They	are	outdated	and	have	no	place	in	current	periodontal	practice.	1.	The	need	for	osseous	surgery	or	examination	of	the	shape	and	morphology	of	bone.	2.
Situations	in	which	the	bottom	of	the	pocket	is	apical	to	the	mucogingival	junction.	3.	Aesthetic	considerations,	particularly	in	the	anterior	maxilla.	Healing	After	Scaling	and	Curettage	The	gingivectomy	technique	may	be	performed	by	means	of	scalpels,	electrodes,	lasers,	or	chemicals.	All	of	these	techniques	are	reviewed	in	this	chapter,	although	the
surgical	method	is	the	only	technique	that	is	recommended.	Immediately	after	curettage,	a	blood	clot	fills	the	pocket	area,	which	is	totally	or	partially	devoid	of	epithelial	lining.	Hemorrhage	is	also	present	in	the	tissues	with	dilated	capillaries	and	abundant	polymorphonuclear	leukocytes,	which	appear	on	the	wound	surface.	This	is	followed	by	a	rapid
proliferation	of	granulation	tissue	with	a	decrease	in	the	number	of	small	blood	vessels	as	the	tissue	matures.	The	restoration	and	epithelialization	of	the	sulcus	generally	require	2-7	days,	and	restoration	of	the	junctional	epithelium	occurs	in	animals	as	early	as	5	days	after	treatment.	Immature	collagen	fibers	appear	within	21	days.	Healthy	gingival
fibers	that	are	inadvertently	severed	from	the	tooth	and	tears	in	the	epithelium	are	repaired	during	the	healing	process.	Several	investigators	have	reported	that,	in	monkeys	and	humans	treated	by	scaling	and	curettage,	healing	results	in	the	formation	of	a	long,	thin	junctional	epithelium	with	no	new	connectivetissue	attachment.	In	some	cases,	this
long	epithelium	is	interrupted	by	"windows"	of	connective-tissue	attachment.	Clinical	Appearance	After	Scaling	and	Curettage	Immediately	after	scaling	and	curettage,	the	gingiva	appears	hemorrhagic	and	bright	red.	After	1	week,	the	gingiva	appears	reduced	in	height	as	a	result	of	an	apical	shift	in	the	position	of	the	gingival	margin.	The	gingiva	is
also	darker	red	than	normal,	but	it	is	much	less	red	than	it	will	have	been	on	previous	days.	After	2	weeks	and	with	proper	oral	hygiene,	the	normal	color,	consistency,	surface	texture,	and	contour	of	the	gingiva	are	attained,	and	the	gingival	margin	is	well	adapted	to	the	tooth.	Gingivectomy	The	word	gingivectomy	means	"excision	of	the	gingiva."	By
removing	the	pocket	wall,	gingivectomy	provides	visibility	and	accessibility	for	complete	calculus	removal	and	the	thorough	smoothing	of	the	roots.	This	creates	a	favorable	environment	for	gingival	healing	and	restoration	of	a	physiologic	gingival	contour.	The	gingivectomy	technique	was	widely	performed	in	the	past.	Improved	understanding	of
healing	mechanisms	and	the	development	of	more	sophisticated	flap	methods	have	relegated	the	gingivectomy	to	a	lesser	role	in	the	current	repertoire	of	available	techniques.	However,	it	remains	an	effective	form	of	treatment	when	indicated	(Fig.	44.4).	Contraindications	to	gingivectomy	include	the	following:	Surgical	Gingivectomy	Step	1	The
pockets	on	each	surface	are	explored	with	a	periodontal	probe	and	marked	with	a	pocket	marker.	Each	pocket	is	marked	in	several	areas	to	outline	its	course	on	each	surface	(Figs.	44.4C-D,	44.5,	and	44.6)	Step	2	Periodontal	knives	(eg,	Kirkland	knives)	are	used	for	incisions	on	the	facial	and	lingual	surfaces	and	on	those	distal	to	the	terminal	tooth	in
the	arch.	Orban	periodontal	knives	are	used	for	interdental	incisions	(Fig.	44.4E-G)	Bard-Parker	blades	(nos.	12	and	15)	as	well	as	scissors	are	used	as	auxiliary	instruments.	The	incision	is	started	apical	to	the	points	marking	the	course	of	the	pockets,	and	it	is	directed	coronally	to	a	point	between	the	base	of	the	pocket	and	the	crest	of	the	bone.	It
should	be	as	close	as	possible	to	the	bone	without	exposing	it	to	remove	the	soft	tissue	coronal	to	the	bone.	Exposure	of	bone	is	undesirable.	If	this	occurs,	healing	usually	presents	minimal	complications	if	the	area	is	adequately	covered	by	the	periodontal	pack.	Either	interrupted	or	continuous	incisions	may	be	used.	The	incision	should	be	beveled	at
approximately	45	degrees	to	the	tooth	surface,	and	it	should	recreate	the	normal	festooned	pattern	of	the	gingiva.	Failure	to	bevel	the	incision	will	leave	a	broad,	fibrous	plateau	that	will	take	a	longer	time	to	develop	a	physiologic	contour.	During	the	interim,	plaque	and	calculus	may	lead	to	the	recurrence	of	pockets.	Step	3	Remove	the	excised
pocket	wall,	clean	the	area,	and	closely	examine	the	root	surface.	The	most	apical	zone	consists	of	a	light,	band-like	zone	where	the	tissues	were	attached.	Coronally,	calculus	remnants,	root	caries,	or	resorption	may	be	found.	Granulation	tissue	may	be	seen	on	the	excised	soft	tissue.	Step	4	Carefully	curette	the	granulation	tissue	and	remove	any
remaining	calculus	and	necrotic	cementum	to	leave	a	smooth	and	clean	surface.	Step	5	Indications	and	Contraindications	Cover	the	area	with	a	surgical	pack	(Fig.	44.41).	The	gingivectomy	technique	may	be	performed	for	the	following	indications:	Gingivoplasty	1.	Elimination	of	suprabony	pockets,	regardless	of	their	depth,	if	the	pocket	wall	is
fibrous	and	firm.	Gingivoplasty	is	similar	to	gingivectomy,	but	its	objective	is	different.	Gingivectomy	is	performed	to	eliminate	periodontal	504	PART	2	Clinical	Periodontics	FIGURE	44.4	Results	obtained	by	treating	a	suprabony	pocket	with	gingivectomy.	A	and	B,	Preoperative	facial	and	palatal	views.	C,	Marking	of	the	depth	of	the	suprabony	pocket.
D,	The	bottoms	of	the	pockets	are	indicated	by	pinpoint	markings.	E,	A	beveled	palatal	incision	with	an	Orban	knife.	F,	A	facial	beveled	incision	with	a	Bard-Parker	no.	15	blade	extends	apical	to	the	perforations	made	by	the	pocket	marker.	Note	that	the	beveled	incision	can	also	be	made	with	a	Kirkland	knife.	G,	The	interdental	incision	and	excision	of
the	pocket	wall	with	a	Bard-Parker	no.	12	blade.	H,	A	completed	gingivectomy.	I,	The	surgical	site	covered	with	periodontal	dressing.	J,	One	week	after	healing.	Kand	L,	Results	22	months	after	the	operation.	(A)	FIGURE	44.5	The	pocket	marker	makes	pinpoint	perforations	that	indicate	pocket	depth.	(B)	FIGURE	44.6	Marking	the	depth	of	a
suprabony	pocket.	A,	A	pocket	marker	in	position.	B,	The	beveled	incision	extends	apical	to	the	perforation	made	by	the	pocket	marker.	44	Gingival	Surgical	Techniques	pockets,	and	it	includes	reshaping	as	part	of	the	technique.	Gingivoplasty	is	a	reshaping	of	the	gingiva	to	create	physiologic	gingival	contours	with	the	sole	purpose	of	recontouring
the	gingiva	in	the	absence	of	pockets.	Gingival	and	periodontal	disease	often	produces	deformities	in	the	gingiva	that	are	conducive	to	the	accumulation	of	plaque	and	food	debris,	which	prolong	and	aggravate	the	disease	process.	Such	deformities	include	the	following:	(1)	gingival	clefts	and	craters;	(2)	crater-like	interdental	papillae	caused	by	acute
necrotizing	ulcerative	gingivitis;	and	(3)	gingival	enlargements.	Gingivoplasty	may	be	accomplished	with	a	periodontal	knife,	a	scalpel,	rotary	coarse	diamond	stones,	or	electrodes.	The	technique	resembles	that	of	the	festooning	of	an	artificial	denture,	which	consists	of	tapering	the	gingival	margin,	creating	a	scalloped	marginal	outline,	thinning	the
attached	gingiva,	creating	vertical	interdental	grooves,	and	shaping	the	interdental	papillae.	Healing	After	Surgical	Gingivectomy	The	initial	response	after	gingivectomy	is	the	formation	of	a	protective	surface	blood	clot.	The	underlying	tissue	becomes	acutely	inflamed	with	necrosis.	The	clot	is	then	replaced	by	granulation	tissue.	In	24	h,	there	is	an
increase	in	new	connective	tissue	cells,	which	are	mainly	angioblasts	beneath	the	surface	layer	of	inflammation	and	necrotic	tissue.	By	the	third	day,	numerous	young	fibroblasts	are	located	in	the	area.	The	highly	vascular	granulation	tissue	grows	coronally	and	creates	a	new	free	gingival	margin	and	sulcus.	Capillaries	derived	from	the	blood	vessels
of	the	periodontal	ligament	migrate	into	the	granulation	tissue,	and,	within	2	weeks,	they	connect	with	the	gingival	vessels.	After	12-24	h,	epithelial	cells	at	the	margins	of	the	wound	begin	to	migrate	over	the	granulation	tissue,	thereby	separating	it	from	the	contaminated	surface	layer	of	the	clot.	Epithelial	activity	at	the	margins	reaches	a	peak	after
24-36	h.	The	new	epithelial	cells	arise	from	the	basal	and	deeper	spinous	layers	of	the	epithelial	wound	edge	and	migrate	over	the	wound	over	a	fibrin	layer	that	is	later	resorbed	and	replaced	by	a	connective	tissue	bed.	The	epithelial	cells	advance	by	a	tumbling	action,	with	the	cells	becoming	fixed	to	the	substrate	by	hemidesmosomes	and	a	new
basement	lamina.	After	5-14	days,	surface	epithelialization	is	generally	complete.	During	the	first	4	weeks	after	gingivectomy,	keratinization	is	less	than	it	was	before	surgery.	Complete	epithelial	repair	takes	about	1	month.	Vasodilation	and	vascularity	begin	to	decrease	after	the	day	4	of	healing,	and	they	appear	to	be	almost	normal	by	the	day	16.
Complete	repair	of	the	connective	tissue	takes	about	7	weeks.	The	flow	of	gingival	fluid	in	humans	is	initially	increased	after	gingivectomy,	and	it	diminishes	as	healing	progresses.	Maximal	flow	is	reached	after	1	week,	which	coincides	with	the	time	of	maximal	inflammation.	Although	the	tissue	changes	that	occur	during	postgingivectomy	healing	are
the	same	in	all	individuals,	the	time	required	for	complete	healing	varies	considerably,	depending	on	the	area	of	the	incised	surface	and	interference	from	local	irritation	and	infection.	In	patients	with	physiologic	gingival	melanosis,	the	pigmentation	is	diminished	in	the	healed	gingiva.	505	Gingivectomy	by	Electrosurgery	Advantages	and
Disadvantages	Electrosurgery	permits	an	adequate	contouring	of	the	tissue	and	controls	hemorrhage.	It	cannot	be	used	in	patients	who	have	incompatible	or	poorly	shielded	cardiac	pacemakers.	The	treatment	causes	an	unpleasant	odor.	If	the	electrosurgery	point	touches	the	bone,	irreparable	damage	can	be	inflicted.	Furthermore,	the	heat
generated	by	injudicious	use	can	cause	tissue	damage	and	a	loss	of	periodontal	support	when	the	electrode	is	used	close	to	bone.	When	the	electrode	touches	the	root,	areas	of	cementum	can	be	burned.	Therefore,	the	use	of	electrosurgery	should	be	limited	to	superficial	procedures	such	as	the	removal	of	gingival	enlargements,	gingivoplasty,	the
relocation	of	the	frenum	and	muscle	attachments,	and	the	incision	of	periodontal	abscesses	and	pericoronal	flaps.	Extreme	care	should	be	used	to	avoid	contacting	the	tooth	surface.	Electrosurgery	should	not	be	used	for	procedures	that	involve	proximity	to	the	bone	(eg,	flap	operations)	or	for	mucogingival	surgery.	Technique	The	removal	of	gingival
enlargements	and	gingivoplasty	is	performed	with	a	needle	electrode	supplemented	by	a	small	ovoid	loop	or	diamond-shaped	electrodes	for	festooning.	A	blended	cutting	and	coagulating	(fully	rectified)	current	is	used.	During	all	reshaping	procedures,	the	electrode	is	activated	and	moved	in	a	concise	"shaving"	motion.	For	the	treatment	of	acute
periodontal	abscesses,	the	incision	to	establish	drainage	can	be	made	with	the	needle	electrode	without	exerting	pressure.	The	incision	remains	open	because	the	edges	are	sealed	by	the	current.	After	the	acute	symptoms	subside,	the	regular	procedure	for	the	treatment	of	the	periodontal	abscess	is	followed.	For	hemostasis,	a	ball	electrode	is	used.
Hemorrhage	must	first	be	controlled	by	direct	pressure	using	air,	a	compress,	or	a	hemostat;	the	surface	is	then	lightly	touched	with	a	coagulating	current.	Electrosurgery	is	helpful	for	the	control	of	isolated	bleeding	points.	Bleeding	areas	located	interproximally	are	reached	with	a	thin,	bar-shaped	electrode.	Frenum	and	muscle	attachments	can	be
relocated	to	facilitate	pocket	elimination	with	the	use	of	a	loop	electrode.	For	this	purpose,	the	frenum	or	muscle	is	stretched	and	sectioned	with	the	loop	electrode	and	a	coagulating	current.	For	cases	of	acute	pericoronitis,	drainage	may	be	obtained	by	incising	the	flap	with	a	bent-needle	electrode.	A	loop	electrode	is	used	to	remove	the	flap	after	the
acute	symptoms	subside.	Healing	After	Electrosurgery	Some	investigators	report	no	significant	differences	in	gingival	healing	after	resection	by	electrosurgery	as	compared	with	resection	with	periodontal	knives.	Other	researchers	find	delayed	healing,	a	greater	reduction	in	gingival	height,	and	more	bone	injury	after	electrosurgery.	There	appears
to	be	negligible	difference	in	the	results	obtained	after	gingival	resection	with	electrosurgery	and	those	obtained	with	periodontal	knives.	However,	when	used	for	deep	resections	close	to	bone,	electrosurgery	can	produce	gingival	recession,	bone	necrosis,	and	sequestration,	a	loss	of	bone	height,	furcation	exposure,	and	tooth	mobility.	These
problems	do	not	occur	with	the	use	of	periodontal	knives.	506	PART	2	Clinical	Periodontics	Laser	Gingivectomy	The	lasers	that	are	most	often	used	in	dentistry	are	the	diode	laser	and	the	neodymium:	yttrium-aluminum-garnet	(N	d:YAG)	laser,	which	have	wavelengths	of	910	and	1064	nm,	respectively	They	are	both	in	the	infrared	range,	so	they	must
be	combined	with	other	types	of	visible	lasers	for	the	beam	to	be	seen	and	aimed.	The	diode	laser	has	been	used	for	the	excision	of	gingival	growths,	although	healing	is	delayed	as	compared	to	healing	after	conventional	scalpel	gingivectomy.	The	use	of	a	laser	for	oral	surgery	requires	precautionary	measures	to	avoid	reflecting	the	beam	on
instrument	surfaces,	which	could	result	in	injury	to	neighboring	tissues	and	to	the	eyes	of	the	operator.	(	Chapter	51	includes	additional	information	about	laser	therapy.)	Gingivectomy	by	Chemosurgery	Techniques	to	remove	the	gingiva	with	the	use	of	chemicals	such	as	5%	paraformaldehyde	or	potassium	hydroxide	have	been	described	in	the	past,
but	they	are	not	currently	used.	Conclusions	The	gingivectomy	surgical	technique	has	a	long	history	of	use	in	periodontal	surgery.	This	technique	has	been	attempted	with	the	use	of	scalpels,	electrosurgery,	laser,	and	chemical	cautery.	Although	this	technique	may	have	some	use	for	the	minimal	reduction	of	redundant	gingival	tissue,	many	limiting
factors	must	be	considered.	Current	periodontal	surgery	must	consider	the	following:	(1)	the	conservation	of	keratinized	gingiva;	(2)	minimal	gingival	tissue	loss	to	maintain	aesthetics;	(3)	adequate	access	to	the	osseous	defects	for	definitive	defect	correction;	and	(	4)	minimal	postsurgical	discomfort	and	bleeding	by	attempting	surgical	procedures
that	will	allow	for	primary	closure.	The	gingivectomy	surgical	technique	has	limited	use	in	current	surgical	therapy,	because	it	does	not	satisfy	these	considerations	for	periodontal	therapy.	The	clinician	must	carefully	evaluate	each	patient	to	address	the	proper	application	of	this	surgical	procedure.	SUGGESTED	READINGS	Engler	WO,	Ramfjord	S,
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Shin	•	CD	Dwarakanath	Chapter	Outline	Indications	Contraindications	Classification	of	Flaps	Flap	Design	Incisions	Elevation	of	the	Flap	Debridement	Osseous	Management	Sutures	and	Suturing	Techniques	Healing	After	Flap	Surgery	Different	Flap	Techniques	The	Flap	Technique	for	Pocket	Therapy	Undisplaced	Flap	Apically	Displaced	Flap	Flaps
for	Reconstructive	Surgery	Distal	Molar	Surgery	Conclusion	Periodontal	flap	surgery	is	the	most	common	type	of	surgery	done	in	the	oral	cavity	and	is	the	basic	requirement	of	several	periodontal	procedures.	It	has	been	in	existence	for	over	a	century	and	many	techniques	and	modifications	have	evolved	and	have	been	practiced.	This	chapter	covers
the	basic	principles	of	flap	surgery	followed	by	different	techniques	for	various	situations,	such	as	pocket	therapy,	regeneration,	gingival	enlargements,	etc.	Definition:	A	periodontal	flap	is	a	section	of	gingiva	and/	or	mucosa	that	is	surgically	separated	from	the	underlying	tissues	to	provide	visibility	and	access	to	the	bone	and	root	surface.	The	flap
also	allows	the	gingiva	to	be	displaced	to	a	different	location	in	patients	with	mucogingival	involvement.	Rationale:	Removal	of	root-surface	noxious	agents	and	inflamed	tissue	to	have	an	ideal	gingival	and	bone	morphology	without	sacrificing	investing	and	supporting	tissues	and	compromising	esthetics.	Indications	1.	Presence	of	persistent	moderate
to	deep	pockets	(>	5	mm)	even	after	a	conscientious	phase	1	therapy	(Fig.	45.1).	2.	Presence	of	osseous	defects	(Fig.	45.2).	3.	Presence	of	inflammation	and	disease	activity	at	the	base	of	sulcus	as	seen	by	bleeding	on	probing	(Fig.	45.3).	4.	Furcation	involvement	(Fig.	45.4).	5.	Regeneration	of	periodontal	tissues	by	the	use	of	bone	grafts,	membranes
etc.	6.	Gingival	overgrowth	and	asymmetry	(Fig.	45.5).	7.	Periodontal	pockets	adjacent	to	distal	molars	(Fig.	45.6).	8.	Other	dental	procedures,	such	as	crown	lengthening,	apicectomy,	etc	(Fig.	45.	7)	Contraindications	1.	When	optimal	results	can	be	obtained	by	nonsurgical	periodontal	therapy	(Fig.	45.8)	2.	Presence	of	unprepared,	soft,	and
edematous	gingival	tissues	(Fig.	45	9).	3.	Medically	compromised	patients,	in	whom	surgery	is	a	risky	proposition.	4.	Patients	presenting	consistent	poor	oral	hygiene	and	who	are	noncompliant.	5.	Teeth	with	hopeless	prognosis	(Fig.	45	10).	6.	When	surgery	is	likely	to	result	in	an	extreme	esthetic	disfigurement.	Classification	of	Flaps	Periodontal	flaps
are	classified	on	the	basis	of	the	following	criteria:	•	bone	exposure	after	flap	reflection;	•	placement	of	the	flap	after	surgery;	and	•	management	of	the	interdental	papilla.	For	bone	exposure	after	reflection,	the	flaps	are	classified	as	either	full-thickness	(mucoperiosteal)	or	partial-thickness	(mucosal)	flaps	(Fig.	45.	llA	and	B).	In	a	full-thickness	flap,
all	of	the	soft	tissue,	including	the	periosteum,	is	reflected	to	expose	the	underlying	bone.	This	complete	exposure	of	and	access	to	the	underlying	bone	is	indicated	when	osseous	surgery	is	contemplated.	The	partial-thickness	flap	includes	only	the	epithelium	and	a	layer	of	the	underlying	connective	tissue.	The	bone	remains	covered	by	a	layer	of
connective	tissue	that	includes	the	507	508	PART	2	Clinical	Periodontics	FIGURE	45.1	Presence	of	persistent	deep	pocket.	FIGURE	45.2	Osseous	defects	showing	inconsistent	bone	margin	and	reverse	architecture.	FIGURE	45.3	FIGURE	45.4	FIGURE	45.5	Drug-induced	gingival	enlargement.	FIGURE	45.6	Deep	periodontal	pocket	on	the	distal
surface	of	mandibular	second	molar.	Bleeding	on	probing	the	base	of	the	pocket.	FIGURE	45.7	Grade	II	furcation	in	maxillary	molar.	periosteum.	This	type	of	flap	is	also	called	the	split-thickness	flap.	The	partial-thickness	flap	is	indicated	when	the	flap	is	to	be	positioned	apically	or	when	the	operator	does	not	want	to	expose	the	bone	in	the	presence
of	fenestrations,	dehiscences,	and	in	plastic	surgical	procedures.	For	flap	placement	after	surgery,	flaps	are	classified	as	either	(1)	nondisplaced	flaps,	when	the	flap	is	returned	and	sutured	in	its	original	position,	or	(2)	displaced	flaps,	which	are	placed	apically,	coronally,	or	laterally	to	their	original	position.	These	are	commonly	performed	in
mucogingival	procedures.	Both	fullthickness	and	partial-thickness	flaps	can	be	displaced.	However,	to	do	so,	the	attached	gingiva	must	be	totally	separated	from	the	underlying	bone,	thereby	enabling	the	unattached	portion	of	the	gingiva	to	be	movable.	Palatal	flaps	cannot	be	displaced	because	of	the	absence	of	unattached	gingiva.	Root	canal	treated
molar	requiring	crown	lengthening.	45	The	Periodontal	Flap	FIGURE	45.8	509	A,	Severe	periodontitis	with	poor	oral	hygiene.	B,	Result	after	nonsurgical	therapy.	This	includes	the	modified-Widman	flap,	the	undisplaced	flap,	Kirkland	flap	(nowadays	called	the	access	flap),	the	apically	displaced	flap,	and	the	flap	for	reconstructive	procedures.	The
papilla-preservation	flap	incorporates	the	entire	papilla	in	one	of	the	flaps	by	means	of	crevicular	interdental	incisions	to	sever	the	connective	tissue	attachment,	as	well	as,	a	horizontal	incision	at	the	base	of	the	papilla	to	leave	it	connected	to	one	of	the	flaps.	This	technique	is	indicated	in	esthetic	zones	and	for	bone-graft	placement.	Flap	Design
FIGURE	45.9	gingiva.	Unprepared	tissues	showing	soft	and	edematous	Apically	displaced	flaps	have	the	important	advantage	of	preserving	the	outer	portion	of	the	pocket	wall	and	transforming	it	into	attached	gingiva.	Therefore,	these	flaps	accomplish	the	double	objective	of	eliminating	the	pocket	and	increasing	the	width	of	the	attached	gingiva.	For
the	management	of	the	papilla,	flaps	can	be	conventional	and	papilla-preservation	flaps.	With	the	conventional	flap,	the	interdental	papilla	is	split	beneath	the	contact	point	of	the	two	approximating	teeth	to	allow	for	the	reflection	of	the	buccal	and	lingual	flaps.	The	incision	is	usually	scalloped	to	maintain	gingival	morphology	and	to	retain	as	much
papilla	as	possible.	The	conventional	flap	is	used	(1)	when	the	interdental	spaces	are	too	narrow,	thereby	precluding	the	possibility	of	preserving	the	papilla;	(2)	when	the	flap	is	to	be	displaced;	and	(3)	when	there	is	a	break	in	continuity	of	the	interdental	papilla.	FIGURE	45.10	The	design	of	the	flap	is	dictated	by	the	surgical	judgment	of	the	operator
and	it	may	depend	on	the	objectives	of	the	procedure.	The	necessary	degree	of	access	to	the	underlying	bone	and	root	surfaces	and	the	final	position	of	the	flap	must	be	considered	when	designing	the	flap.	The	flap	design	may	also	be	dictated	by	the	esthetic	concerns	of	the	area	of	surgery.	Preservation	of	good	blood	supply	to	the	flap	is	another
important	consideration	(Figs.	45.12	and	45.13).	The	entire	surgical	procedure	should	be	planned	in	every	detail	before	the	procedure	is	initiated.	The	surgical	plan	should	include	the	type	of	flap,	the	exact	location,	type	of	incisions,	the	management	of	the	underlying	bone,	the	final	closure	of	the	flap,	and	sutures.	Although,	some	details	may	be
modified	during	the	actual	performance	of	the	procedure,	detailed	planning	allows	for	a	better	clinical	result.	Incisions	Periodontal	flaps	involve	the	use	of	horizontal	(mesial-distal)	and	vertical	(occlusal-apical)	incisions.	A,	Dentition	with	hopeless	overall	prognosis.	B,	OPG	of	the	same	case.	510	PART	2	Clinical	Periodontics	(B)	(A)	Periosleum
Periosleum	FIGURE	45.11	A,	Diagram	of	the	internal	bevel	incision	(first	incision)	to	reflect	a	full-thickness	(mucoperiosteal)	flap.	Note	that	the	incision	ends	on	the	bone	to	allow	for	the	reflection	of	the	entire	flap.	B,	Diagram	of	the	internal	bevel	incision	to	reflect	a	partial-thickness	flap.	Note	that	the	incision	ends	on	the	root	surface	to	preserve	the
periosteum	on	the	bone.	'	I	1	t-1	I	I	,	'	0	'	,	I	I	,-1	I\	I',_,'	,..	•••	I	0,	I	'.,.1\	(A)	(B)	(C)	(D)	FIGURE	45.12	Flap	design	for	a	conventional	or	traditional	flap	technique.	A,	Design	of	incisions:	internal	bevel	incision,	splitting	the	papilla,	and	vertical	incisions	are	drawn	in	interrupted	lines.	B,	The	flap	has	been	elevated,	and	the	wedge	of	tissue	next	to	the
tooth	is	still	in	place.	C,	All	marginal	tissue	has	been	removed	to	expose	the	underlying	bone	(see	the	defect	in	one	space).	D,	The	tissue	has	been	returned	to	its	original	position.	The	proximal	areas	are	not	totally	covered.	Horizontal	Incisions	Horizontal	incisions	are	directed	along	the	margin	of	the	gingiva	in	a	mesial	or	distal	direction.	Two	types	of
horizontal	incisions	have	been	recommended:	(1)	the	internal	bevel	incision,	which	starts	at	a	distance	from	the	gingival	margin	and	which	is	aimed	at	the	bone	crest;	and	(2)	the	crevicular	incision,	which	starts	at	the	bottom	of	the	pocket	and	which	is	directed	to	the	bone	margin.	In	addition,	the	interdental	incision	is	performed	after	the	flap	is
elevated	to	remove	the	interdental	tissue.	The	internal	bevel	incision	is	basic	to	most	periodontal	flap	procedures.	It	is	the	incision	from	which	the	flap	is	reflected	to	expose	the	underlying	bone	and	root.	The	internal	bevel	incision	accomplishes	three	important	objectives:	(1)	it	removes	the	pocket	lining;	(2)	it	conserves	the	relatively	uninvolved	outer
surface	of	the	gingiva,	which,	if	apically	positioned,	becomes	attached	gingiva;	and	(3)	it	produces	a	sharp,	thin-flap	margin	for	the	adaptation	to	the	bone-tooth	junction.	This	incision	has	also	been	termed	the	first	incision,	because	it	is	the	initial	incision	for	the	reflection	of	a	periodontal	flap;	it	has	also	been	called	the	inverse	or	reverse	bevel
incision,	because	its	bevel	is	in	the	reverse	direction	from	that	of	the	gingivectomy	incision.	The	no.	11	or	15	BP-surgical	blades	are	used	to	make	this	incision	in	most	areas	of	the	mouth	except	in	the	mandibular	posterior	region	where	a	no.	12	blade	might	be	preferred	due	to	better	access.	That	portion	of	the	gingiva	left	around	the	tooth	contains	the
epithelium	of	the	pocket	lining	and	the	adjacent	granulomatous	tissue.	It	is	discarded	after	the	crevicular	(second)	and	interdental	(third)	incisions	are	performed	(Fig.	45	14)	The	internal	bevel	incision	starts	from	a	designated	area	on	the	gingiva	and	it	is	then	directed	to	an	area	at	or	near	the	crest	of	the	bone	(Fig.	45.15).	The	starting	point	on	the
gingiva	is	determined	by	whether	the	flap	is	apically	displaced	or	not	(Fig.	45	16)	Ideally	the	incision	should	begin	one	tooth	beyond	the	designated	surgical	area	and	from	the	most	posterior	tooth	moving	anteriorly.	45	The	Periodontal	Flap	\	,-\	I	'	.••.	-	"-	-	-:	r	'\	0	I	,,-'f	L	-1	'	~,'	511	0	'	',	I'	/	'	\	......._,	I	(A)	(B)	-0	(C)	FIGURE	45.13	Flap	design	for	a
sulcular	incision	flap.	A,	Design	of	incisions:	sulcular	incisions	and	vertical	incisions	are	depicted	by	interrupted	lines.	B,	The	flap	has	been	elevated	to	expose	the	underlying	bone	(see	the	defect	in	one	space).	C,	The	tissue	has	been	returned	to	its	original	position	to	cover	the	i	nterdental	spaces.	3	(A)	(B)	FIGURE	45.14	The	three	incisions	necessary
for	flap	surgery.	A,	First	(internal	bevel)	incision;	B,	second	(crevicular)	incision;	and	C,	third	(interdental)	incision.	FIGURE	45.15	incision.	Position	of	the	knife	to	perform	the	internal	bevel	The	crevicular	incision,	which	is	also	called	the	second	incision,	is	made	from	the	base	of	the	pocket	to	the	crest	of	the	bone	(Fig.	45.17).	This	incision,	together
with	the	initial	reverse	bevel	incision,	forms	a	V-shaped	wedge	that	ends	at	or	near	the	crest	of	bone	(Fig.	45.18).	This	wedge	of	tissue	contains	most	of	the	inflamed	and	granulomatous	areas	that	constitute	the	lateral	wall	of	the	pocket,	as	well	as,	the	JUnctional	epithelium	and	the	connective	tissue	fibers	that	still	persist	between	the	bottom	of	the
pocket	and	the	crest	of	the	bone.	The	incision	is	carried	around	the	entire	tooth.	The	beak-shaped	no.	12D	blade	is	usually	used	for	this	incision.	A	periosteal	elevator	is	inserted	into	the	initial	internal	bevel	incision	and	the	flap	is	separated	from	the	bone.	The	most	apical	end	of	the	internal	bevel	incision	is	exposed	and	visible.	With	this	access,	the
surgeon	is	able	to	make	the	third	incision,	which	is	also	known	as	the	interdental	incision,	to	separate	the	collar	of	gingiva	that	is	left	around	the	tooth.	The	Orban	or	the	Buck	knife	is	usually	used	for	this	incision.	The	incision	is	made	not	only	around	the	facial	and	lingual	radicular	area,	but	also	interdentally,	where	it	connects	the	facial	and	lingual
segments	to	free	the	gingiva	completely	around	the	tooth	(Figs.	45.14	and	4518)	These	three	incisions	allow	for	the	removal	of	the	gingiva	around	the	tooth	(ie	,	the	pocket	epithelium	and	the	adjacent	granulomatous	tissue).	A	surgical	curette	or	a	large	scaler	(Cumine)	can	be	used	for	this	purpose.	After	the	removal	of	the	large	pieces	of	tissue,	the
remaining	connective	tissue	in	the	osseous	lesion	should	be	carefully	curetted	and	removed	512	PART	2	Clinical	Periodontics	FIGURE	45.18	After	the	flap	has	been	elevated,	a	wedge	of	tissue	remains	on	the	teeth	and	is	attached	by	the	base	of	the	papillae.	An	interdental	(third)	incision	along	the	horizontal	lines	seen	in	the	interdental	spaces	will
sever	these	connections.	QJ	I	I	(B)	FIGURE	45.16	A,	The	internal	bevel	(first)	incision	can	be	made	at	varying	locations	and	angles	according	to	the	different	anatomic	and	pocket	situations.	B,	Occlusal	view	of	the	different	locations	in	which	the	internal	bevel	incision	can	be	made.	Note	the	scalloped	shape	of	the	incisions.	Incorrect	Correct	(A)	(B)
FIGURE	45.19	A,	Incorrect	and,	B,	correct	locations	of	a	vertical	incision.	This	incision	should	be	made	at	the	line	angles	to	prevent	the	splitting	of	a	papilla	or	incising	directly	over	a	radicular	surface.	FIGURE	45.17	ond)	incision.	Position	of	the	knife	to	perform	the	crevicular	(sec-	so	that	the	entire	root	and	the	bone	surface	adjacent	to	the	teeth	can
be	observed.	Flaps	can	be	reflected	with	the	use	of	the	horizontal	incision	only,	if	sufficient	access	can	be	obtained	in	this	way	and	if	apical,	lateral,	or	coronal	displacement	of	the	flap	is	not	anticipated.	If	vertical	incisions	are	not	made,	the	flap	is	called	an	envelope	flap.	Vertical	Incisions	Vertical	or	oblique-releasing	incisions	can	be	used	on	one	or
both	ends	of	the	horizontal	incision,	depending	on	the	design	and	purpose	of	the	flap.	Vertical	incisions	at	both	ends	are	necessary	if	the	flap	is	to	be	apically	or	coronally	displaced.	They	are	also	preferred	when	the	area	of	the	surgery	is	limited	to	a	few	teeth	to	prevent	needless	exposure	of	bone	of	uninvolved	areas.	These	incisions	must	extend
beyond	the	mucogingival	line	to	reach	the	alveolar	mucosa;	this	allows	for	the	release	of	the	flap	to	be	displaced.	In	general,	vertical	incisions	in	the	lingual	and	palatal	areas	are	avoided.	Facial	vertical	incisions	should	not	be	made	in	the	center	of	an	interdental	papilla	or	over	the	radicular	surface	of	a	tooth.	Incisions	should	be	made	at	the	line
angles	of	a	tooth	either	to	include	the	papilla	in	the	flap	or	to	avoid	it	completely	(Fig.	45.19).	The	vertical	incision	should	also	be	designed	to	avoid	short	flaps	(mesiodistal)	with	long,	apically	directed	incisions,	because	this	could	jeopardize	the	blood	supply	to	the	flap.	In	other	words,	the	base	of	the	flap	should	be	broader	than	its	margin.	Elevation	of
the	Flap	When	a	full-thickness	flap	is	desired,	reflection	of	the	flap	is	accomplished	with	a	blunt	dissection.	A	periosteal	elevator	is	used	to	separate	the	mucoperiosteum	from	the	bone	by	moving	it	mesially,	distally,	and	apically	until	the	desired	reflection	is	accomplished.	No	more	than	1-2	mm	of	bone	needs	to	be	exposed	most	of	the	times	(Fig.	45
20)	Sharp	dissection	is	necessary	to	reflect	a	partial-thickness	flap	(Fig.	45.21).	A	combination	of	full-thickness	and	partialthickness	flaps	may	be	indicated	to	obtain	the	advantages	of	both.	The	flap	is	started	as	a	full-thickness	procedure	and	then	a	partial-thickness	flap	is	made	at	the	apical	portion.	In	this	way,	the	coronal	portion	of	the	bone-which
may	be	subject	45	The	Periodontal	Flap	513	either	resective	or	additive	osseous	surgery	(see	Chapters	4	7	and	48)	The	entire	surgical	area	is	thoroughly	irrigated	and	reexamined	for	the	presence	of	any	debris,	such	as	specks	of	calculus	prior	to	the	flap	replaced	and	sutured.	Sutures	and	Suturing	Techniques	to	osseous	remodeling-is	exposed,
whereas	the	remaining	bone	is	protected	by	the	periosteum.	After	all	of	the	necessary	procedures	are	completed,	the	flap	is	placed	in	the	desired	position.	The	flap	should	remain	in	this	position	without	tension.	It	is	convenient	to	keep	the	flap	in	place	with	light	pressure	via	the	use	of	a	piece	of	gauze	to	allow	the	blood	clot	to	form.	The	purpose	of
suturing	is	to	maintain	the	flap	in	the	desired	position	until	healing	has	progressed	to	the	point	at	which	sutures	are	no	longer	needed.	There	are	many	types	of	sutures,	suture	needles,	and	materials.	Suture	materials	may	be	either	nonresorbable	or	resorbable,	and	they	may	be	further	categorized	as	braided	or	mono.filament.	The	resorbable	sutures
have	gained	popularity	because	they	enhance	patient	comfort	and	eliminate	sutureremoval	appointments	(Box	45.1).	The	monofilament	type	of	suture	alleviates	the	"wicking	effect"	of	braided	sutures	that	may	allow	bacteria	from	the	oral	cavity	to	be	drawn	through	the	suture	into	the	deeper	areas	of	the	wound.	The	braided	silk	suture	was	the	most
common	nonresorbable	suture	used	in	the	past	because	of	its	ease	of	use	and	low	cost.	It	is	still	used	in	many	countries	around	the	world.	However	the	expanded	polytetrafluoroethylene,	synthetic,	monofilament	suture	is	an	excellent	nonresorbable	suture	that	is	preferred	currently.	The	most	common	resorbable	sutures	used	today	are	the	plain	and
chromic	gut	sutures.	Both	are	monofilaments	that	are	processed	from	purified	collagen	of	either	sheep	or	cattle	intestines.	The	chromic	suture	is	a	plain-gut	suture	that	has	been	processed	with	chromic	salts	to	make	it	resistant	to	enzymatic	resorption,	thereby	increasing	the	resorption	time.	The	synthetic	resorbable	sutures	are	also	often	used	(Box
45.1).	Debridement	Technique	After	the	flap	is	reflected,	the	process	of	debridement	begins.	First	the	granulation	tissue	is	removed	by	sharp	Gracey	curettes.	Once	this	is	done,	the	bleeding	stops	considerably	allowing	the	operator	to	visualize	the	surgical	field	better.	The	root	surface	is	carefully	planed	with	ultrasonic	scalers	and	curettes.	It	is
important	that	the	flap	is	not	allowed	to	dry	during	the	surgery.	Frequent	irrigation	with	normal	saline	not	only	keeps	the	flap	moist	but	also	aids	in	debridement.	Needless	to	mention	here	is	the	importance	of	good	aspiration.	Recently,	the	need	to	completely	degranulate	the	surgical	field	has	been	questioned	by	some	researchers	who	claim	that	the
granulation	tissue	may	contain	some	growth	factors,	which	could	be	beneficial	during	healing.	However	this	is	just	a	hypothesis,	which	needs	further	investigation.	Until	now,	total	removal	of	the	granulation	tissue	has	been	the	time-tested	concept	and	will	remain	so.	The	needle	is	held	with	the	needle	holder,	and	it	should	enter	the	tissues	at	right
angles	and	be	no	less	than	2-3	mm	from	the	incision.	The	needle	is	then	carried	through	the	FIGURE	45.20	Elevation	of	the	flap	with	a	periosteal	elevator	to	obtain	a	full-thickness	flap.	Note	the	bone	that	is	exposed	with	the	fullthickness	flap.	FIGURE	45.21	Elevation	of	the	flap	with	a	Bard-Parker	knife	to	obtain	a	split-thickness	flap.	Note	that	the
bone	is	not	exposed	and	that	it	is	covered	by	periosteal	tissue.	Osseous	Management	The	osseous	shape	and	contour	is	examined,	and	the	necessary	osseous	correction	is	accomplished.	Often	bony	defects	are	discovered	only	after	flap	elevation.	These	are	managed	by	Nonabsorbable	(Nonresorbable)	Silk:	braided	Nylon:	monofilament	ePTFE:
monofilament	Polyester:	braided	Absorbable	(Resorbable)	Surgical:	gut	Plain	gut:	monofilament	(30	days)	Chromic	gut:	monofilament	(45-60	days)	Synthetic	Polyglycolic:	braided	(16-20	days)	Vicryl	Dexon	Poliglecaprone:	monofilament	(90-120	days)	Monocryl	Polyglyconate:	monofilament	514	PART	2	Clinical	Periodontics	FIGURE	45.22	Placement	of
sutures	in	the	interdental	space	below	the	base	of	an	imaginary	triangle	in	the	papilla.	tissue,	where	it	follows	the	needle's	curvature.	The	knot	should	not	be	placed	over	the	incision.	The	periodontal	flap	is	closed	either	with	independent	sutures	or	with	continuous,	independent	sling	sutures.	The	latter	method	eliminates	the	pulling	of	the	buccal	and
lingual	or	palatal	flaps	together	and	instead	uses	the	teeth	as	an	anchor	for	the	flaps.	The	flaps	are	less	likely	to	buckle	and	the	forces	on	the	flaps	are	better	distributed.	Sutures	of	any	type	that	are	placed	in	the	interdental	papillae	should	enter	and	exit	the	tissue	at	a	point	located	below	the	imaginary	line	that	forms	the	base	of	the	triangle	of	the
interdental	papilla	(Fig.	45.22).	The	location	of	sutures	for	the	closure	of	a	palatal	flap	depends	on	the	extent	of	flap	elevation	that	has	been	performed.	The	flap	is	divided	into	four	quadrants	as	depicted	in	Fig.	45.23.	If	the	elevation	of	the	flap	is	slight	or	moderate,	the	sutures	can	be	placed	in	the	quadrant	closest	to	the	teeth.	If	the	flap	elevation	is
substantial,	the	sutures	should	be	placed	in	the	central	quadrants	of	the	palate.	The	clinician	may	or	may	not	use	periodontal	dressings.	When	the	flaps	are	not	apically	displaced,	it	is	not	necessary	to	use	dressings	other	than	those	needed	for	patient	comfort.	FIGURE	45.23	Placement	of	sutures	to	close	a	palatal	flap.	For	slightly	or	moderately
elevated	flaps,	the	sutures	are	placed	in	the	shaded	areas.	For	the	more	substantial	elevation	of	the	flap,	the	sutures	are	placed	in	the	central	(unshaded)	areas	of	the	palate.	Ligation	lnterdental	Ligation	Two	types	of	interdental	ligation	can	be	used;	the	direct	loop	suture	(Fig.	45.24)	and	the	figure-eight	suture	(Fig.	45.25).	With	the	figure-eight
suture,	thread	is	placed	between	the	two	flaps.	This	suture	is	used	when	the	flaps	are	not	in	close	apposition	as	a	result	of	apical	flap	position	or	nonscalloped	incisions.	This	is	simpler	to	perform	than	the	direct	ligation.	The	direct	suture	allows	for	a	better	closure	of	the	interdental	papilla.	It	should	be	performed	when	bone	grafts	are	used	or	when
close	apposition	of	the	scalloped	incision	is	required.	(A)	(C)	FIGURE	45.24	Simple	loop	suture	is	used	to	approximate	the	buccal	and	lingual	flaps.	A,	The	needle	penetrates	the	outer	surface	of	the	first	flap.	B,	The	undersurface	of	the	opposite	flap	is	engaged,	and,	C,	the	suture	is	brought	back	to	the	initial	side,	where,	D,	the	knot	is	tied.	45	The
Periodontal	Flap	515	FIGURE	45.25	Interrupted	figure-eight	suture	is	used	to	approximate	the	buccal	and	lingual	flaps.	A,	The	needle	penetrates	the	outer	surface	of	the	first	flap	and,	B,	the	outer	surface	of	the	opposite	flap.	C,	The	suture	is	brought	back	to	the	first	flap,	and,	D,	the	knot	is	tied.	FIGURE	45.26	Single,	interrupted	sling	suture	is	used	to
adapt	the	flap	around	the	tooth.	A,	The	needle	engages	the	outer	surface	of	the	flap	and,	B,	encircles	the	tooth.	C,	The	outer	surface	of	the	same	flap	of	the	adjacent	interdental	area	is	engaged.	D,	The	suture	is	returned	to	the	initial	site,	and	the	knot	is	tied.	Sling	Ligation	The	sling	ligation	can	be	used	for	a	flap	on	one	surface	of	a	tooth	that	involves
two	interdental	spaces	(Fig.	45.26).	Types	of	Sutures	Horizontal	Mattress	Suture	The	horizontal	mattress	suture	is	often	used	for	interproximal	areas	of	diastemata	or	for	wide	interdental	spaces	to	adapt	the	interdental	papilla	properly	against	the	bone.	Two	sutures	are	often	necessary.	The	horizontal	mattress	suture	can	be	incorporated	with	the
continuous,	independent	sling	sutures	(Fig.	45	27)	The	penetration	of	the	needle	is	performed	in	such	a	way	that	the	mesial	and	distal	edges	of	the	papilla	lie	snugly	against	the	bone.	The	needle	enters	the	outer	surface	of	the	gingiva	and	crosses	the	undersurface	of	the	gingiva	horizontally.	The	mattress	sutures	should	not	be	close	together	at	the
midpoint	of	the	base	of	the	papilla.	The	needle	reappears	on	the	outer	516	PART	2	Clinical	Periodontics	FIGURE	45.27	A,	Continuous,	independent	sling	suture	with	the	use	of	a	horizontal	mattress	suture	around,	B,	diastemata	or,	C,	wide	interdental	areas.	This	mattress	suture	is	used	on	both	the,	D,	buccal	and,	E	and	F,	lingual	surfaces.	G,	H,	and	I,
Continuation	of	suture	on	the	lingual	surfaces.	J,	Completed	suture.	surface	at	the	other	base	of	the	papilla	and	continues	around	the	tooth	with	the	sling	sutures.	Continuous,	Independent	Sling	Suture	A	sling	suture	is	used	when	both	a	facial	flap	and	a	lingual	flap	are	used	and	when	they	involve	many	teeth.	The	continuous,	independent	sling	suture
is	initiated	on	the	facial	papilla	closest	to	the	midline,	because	this	is	the	easiest	place	to	position	the	final	knot.	A	continuous	sling	suture	is	laced	for	each	papilla	on	the	facial	surface.	When	the	last	tooth	is	reached,	the	suture	is	anchored	around	it	to	prevent	any	pulling	of	the	facial	sutures	when	the	lingual	flap	is	sutured	around	the	teeth	in	a
similar	manner.	The	suture	is	again	anchored	around	the	last	tooth	before	the	final	knot	is	tied	(Fig.	45	28)	This	type	of	suture	does	not	pull	on	the	lingual	flap	when	this	flap	is	sutured.	The	facial	and	lingual	flaps	are	completely	independent	of	each	other	as	a	result	of	the	anchoring	around	both	the	initial	tooth	and	the	final	tooth.	The	flaps	are	tied	to
the	teeth	and	not	to	each	other	because	of	the	sling	sutures.	Continuous,	independent	sling	suturing	is	especially	appropriate	for	the	maxillary	arch.	This	is	true	because	the	palatal	gingiva	is	attached	and	fibrous,	whereas	the	facial	tissue	is	thinner	and	mobile.	Anchor	Suture	The	closing	of	a	flap	mesial	or	distal	to	a	tooth,	as	in	the	mesial	or	distal
wedge	procedures,	is	best	accomplished	by	the	anchor	suture.	This	suture	closes	the	facial	and	lingual	flaps	and	adapts	them	tightly	against	the	tooth.	The	needle	is	placed	at	the	line-angle	area	of	the	facial	or	lingual	flap	adjacent	to	the	tooth,	anchored	around	the	tooth,	passed	beneath	the	opposite	flap,	and	tied.	The	anchor	suture	can	be	repeated
for	each	area	that	requires	it	(Fig.	45.29).	Closed	Anchor	Suture	Another	technique	to	close	a	flap	that	is	located	in	an	edentulous	area	mesial	or	distal	to	a	tooth	consists	of	tying	a	direct	suture	that	closes	the	proximal	flap,	carrying	one	of	the	threads	around	the	tooth	to	anchor	the	tissue	against	the	tooth,	and	then	tying	the	two	threads	(Fig.	45	30)
Periosteal	Suture	The	periosteal	suture	is	used	to	hold	the	apically	displaced	partial-thickness	flaps	on	the	periosteum.	There	are	two	types	of	periosteal	sutures,	the	holding	suture	and	the	closing	suture.	The	holding	suture	is	a	horizontal	mattress	suture	that	is	placed	at	the	base	of	the	displaced	flap	to	secure	it	into	the	new	position.	45	The
Periodontal	Flap	517	FIGURE	45.28	Continuous,	independent	sling	suture	is	used	to	adapt	the	buccal	and	lingual	flaps	without	tying	the	buccal	flap	to	the	lingual	flap.	The	teeth	are	used	to	suspend	each	flap	against	the	bone.	It	is	important	to	anchor	the	suture	on	the	two	teeth	at	the	beginning	and	end	of	the	flap	so	that	the	suture	will	not	pull	the
buccal	flap	to	the	lingual	flap.	FIGURE	45.29	Distal	wedge	suture.	This	anchor	suture	is	also	used	to	close	flaps	that	are	mesial	or	distal	to	a	lone	standing	tooth.	FIGURE	45.30	The	closed	anchor	suture,	which	is	another	technique	that	can	be	used	to	suture	distal	wedges.	518	PART	2	Clinical	Periodontics	FIGURE	45.31	Periosteal	sutures	for	an
apically	displaced	flap.	Holding	sutures,	which	are	shown	at	the	bottom,	are	placed	first.	This	is	followed	by	the	closing	sutures,	which	are	shown	at	the	coronal	edge	of	the	flap.	Closing	sutures	are	used	to	secure	the	flap	edges	to	the	periosteum.	Both	types	of	periosteal	sutures	are	shown	in	Fig.	45.31.	Healing	After	Flap	Surgery	Immediately	after
suturing	(:c::,24	h),	a	connection	between	the	flap	and	the	tooth	or	bone	surface	is	established	by	a	blood	clot,	which	consists	of	a	fibrin	reticulum	with	many	polymorphonuclear	leukocytes,	erythrocytes,	debris	of	injured	cells,	and	capillaries	at	the	edge	of	the	wound.	Bacteria	and	an	exudate	or	transudate	also	result	from	tissue	injury.	One	to	three
days	after	flap	surgery,	the	space	between	the	flap	and	the	tooth	or	bone	is	thinner.	Epithelial	cells	migrate	over	the	border	of	the	flap	and	usually	contact	the	tooth	at	this	time.	When	the	flap	is	closely	adapted	to	the	alveolar	process,	there	is	a	minimal	inflammatory	response.	One	week	after	surgery,	an	epithelial	attachment	to	the	root	has	been
established	by	means	of	hemidesmosomes	and	a	basal	lamina.	The	blood	clot	is	replaced	by	granulation	tissue	derived	from	the	gingival	connective	tissue,	the	bone	marrow,	and	the	periodontal	ligament.	Two	weeks	after	surgery,	collagen	fibers	begin	to	appear	parallel	to	the	tooth	surface.	Union	of	the	flap	to	the	tooth	is	still	weak	because	of	the
presence	of	immature	collagen	fibers,	although	the	clinical	aspect	may	be	almost	normal.	One	month	after	surgery,	a	fully	epithelialized	gingival	crevice	with	a	well-defined	epithelial	attachment	is	present.	There	is	a	beginning	functional	arrangement	of	the	supracrestal	fibers.	Full-thickness	flaps,	which	denude	the	bone,	result	in	a	superficial	bone
necrosis	after	1-3	days.	Osteoclastic	resorption	follows	and	reaches	a	peak	at	4-6	days	and	then	declines	thereafter.	This	results	in	a	loss	of	bone	of	about	1	mm3;	the	bone	loss	is	greater	if	the	bone	is	thin.	A	loss	of	bone	occurs	during	the	initial	healing	stages	both	in	the	radicular	bone	and	in	the	interdental	bone	areas.	However,	in	the	interdental
areas,	which	have	cancellous	bone,	the	subsequent	repair	stage	results	in	total	restitution	without	any	loss	of	bone;	in	radicular	bone	(particularly	if	it	is	thin	and	unsupported	by	cancellous	bone),	bone	repair	results	in	the	loss	of	marginal	bone.	Different	Flap	Techniques	Whereas	the	basic	principles	of	flap	surgery	remain	the	same,	slight	variations
and	modifications	are	required	to	deal	with	different	situations.	The	design	of	the	flap	and	the	extent	to	which	tissues	are	resectecl/conserved	and	the	amount	of	flap	reflection	depends	on	the	purpose	for	which	it	is	being	performed	and	the	final	outcome	the	clinician	desires.	Accordingly,	various	clinicians	have	devised	techniques	over	the	period	of
time	and	several	names	have	been	given,	such	as	Newman	flap,	Kirkland	flap,	flap	curettage,	open-flap	curettage,	and	so	on.	But	the	most	commonly	practiced	techniques	today	are	the	modified-Widman	flap,	the	conventional	or	the	access	flap,	undisplaced	flap	(also	called	inverse	bevel	gingivectomy),	and	the	apically	displaced	flap.	The	modified-
Widman	flap	has	been	described	for	exposing	the	root	surfaces	for	meticulous	instrumentation	and	for	the	removal	of	the	pocket	lining.	Again,	it	is	not	intended	to	eliminate	or	reduce	pocket	depth,	except	for	the	reduction	that	occurs	during	healing	as	a	result	of	tissue	shrinkage.	The	conventional	or	access	flap	attempts	to	conserve	the	tissues	as
much	as	possible	so	as	to	ensure	optimal	coverage	of	graft	materials	and	barrier	membranes	that	might	have	to	be	placed	for	the	regeneration	of	the	periodontal	tissues.	The	undisplaced	(unrepositioned)	flap	improves	accessibility	for	instrumentation,	but	it	also	removes	the	pocket	wall,	thereby	reducing	or	eliminating	the	pocket.	This	is	essentially
an	excisional	procedure	of	the	gingiva.	The	apically	displaced	flap	provides	accessibility	and	eliminates	the	pocket,	but	it	does	the	latter	by	apically	positioning	the	soft-tissue	wall	of	the	pocket.	Therefore,	it	preserves	or	increases	the	width	of	the	attached	gingiva	by	transforming	the	previously	unattached	keratinized	pocket	wall	into	attached	tissue.
This	increase	in	the	width	of	the	attached	gingiva	is	based	on	the	apical	shift	of	the	mucogingival	junction,	which	may	include	the	apical	displacement	of	the	muscle	attachments.	Incisions	All	of	the	three	flap	techniques	that	were	just	discussed	involve	the	use	of	the	basic	incisions	described	earlier	in	this	chapter.	The	internal	bevel	incision,	the



crevicular	incision,	and	the	interdental	incision.	However,	there	are	important	variations	in	the	way	these	incisions	are	performed	for	the	different	types	offlaps	(Figs.	45.32	and	45	33)	The	internal	beveled	incision	for	the	modified-Widman	flap	closely	follows	the	scalloped	outline	of	the	dentition	to	minimize	the	loss	of	the	attached	keratinized	gingiva.
This	incision	is	made	1-2	mm	from	the	teeth.	The	gingival	margin	is	removed,	and	the	flap	is	reflected	to	gain	access	for	root	therapy.	The	technique	that	is	used	to	achieve	reconstructive	and	regenerative	objectives	is	the	conventional	flap	with	or	without	papilla	preservation,	which	involves	only	the	crevicular	or	second	incision.	This	will	allow	the
clinician	to	retain	the	maximum	amount	of	gingival	tissue,	including	the	papilla,	which	is	essential	for	graft	or	membrane	coverage.	For	the	undisplaced	flap,	the	internal	bevel	incision	is	initiated	at	or	near	a	point	just	coronal	to	where	the	bottom	of	the	pocket	is	projected	on	the	outer	surface	of	the	gingiva	(Fig.	45	32).	This	incision	can	be
accomplished	only	if	sufficient	attached	gingiva	remains	apical	to	the	incision.	Therefore,	the	two	anatomic	landmarks-the	pocket	depth	and	the	location	of	the	mucogingival	junction-must	be	considered	to	evaluate	the	amount	of	attached	gingiva	that	will	remain	after	the	surgery	has	been	completed.	Because	the	pocket	wall	is	not	displaced	apically,
the	initial	incision	should	eliminate	the	pocket	wall.	Thus,	an	incision	should	not	be	made	too	close	to	the	tooth,	because	it	will	not	eliminate	the	pocket	wall,	and	it	may	result	in	the	recreation	of	the	soft-tissue	pocket.	If	the	tissue	is	too	thick,	the	flap	margin	should	be	thinned	with	the	45	The	Periodontal	Flap	MGJ	1.	Undisplaced	BP	=	Bottom	of
Pocket	519	There	is	no	need	to	determine	where	the	bottom	of	the	pocket	is	in	relation	to	the	incision	for	the	apically	displaced	flap	as	one	would	for	the	undisplaced	flap.	The	flap	is	placed	at	the	toothbone	junction	by	apically	displacing	the	flap.	Its	final	position	is	not	determined	by	the	placement	of	the	first	incision.	If	the	surgeon	contemplates
osseous	surgery,	the	first	incision	should	be	placed	in	a	way	to	compensate	for	the	removal	of	the	bone	tissue;	so	that	the	flap	can	be	placed	at	the	toothbone	junction.	MGJ	=	Mucogingival	Junction	The	Flap	Technique	for	Pocket	Therapy	Modified	Widman	Flap	(A)	MGJ	1.	Modified	Widman	2.	Apically	Displaced	BP	=	Bottom	of	Pocket	MGJ	=
Mucogingival	Junction	(B)	FIGURE	45.32	Locations	of	the	internal	bevel	incisions	for	the	different	types	of	flaps.	FIGURE	45.33	Scalloping	required	for	the	different	types	of	flaps.	initial	incision.	The	proper	placement	of	the	flap	margin	at	the	tooth-bone	junction	during	closure	is	important	to	prevent	either	recurrence	of	the	pocket	or	the	exposure	of
bone.	The	internal	bevel	incision	should	be	scalloped	into	the	interdental	area	to	preserve	the	interdental	papilla	(Fig.	45.33).	This	will	allow	better	coverage	of	the	bone	at	both,	the	radicular	and	interdental	areas.	The	apically	displaced	flap	technique	is	selected	for	cases	that	present	a	minimal	amount	ofkeratinized,	attached	gingiva.	For	this	reason,
the	internal	bevel	incision	should	be	made	as	close	to	the	tooth	as	possible	(ie,	0.5-1.0	mm)	(Fig.	45	32).	In	1965,	Morris	revived	a	technique	described	early	during	the	20th	century	in	the	periodontal	literature;	he	called	it	the	"unrepositioned	mucoperiosteal	flap."	Essentially,	the	same	procedure	was	presented	in	1974	by	Ramfjord	and	Nissie,	who
called	it	the	"modified-Widman	flap"	(Fig.	45	34).	This	technique	offers	the	possibility	of	establishing	an	intimate	postoperative	adaptation	of	healthy	collagenous	connective	tissue	to	tooth	surfaces,	and	it	provides	access	for	adequate	instrumentation	of	the	root	surfaces	and	immediate	closure	of	the	area.	The	following	steps	outline	the	modified-
Widman	flap	technique.	Step	1:	The	initial	incision	is	an	internal	bevel	incision	to	the	alveolar	crest	starting	0.5-1	mm	away	from	the	gingival	margin	(Fig.	45	34C)	Scalloping	follows	the	gingival	margin.	Care	should	be	taken	to	insert	the	blade	in	such	a	way	that	the	papilla	is	left	with	a	thickness	similar	to	that	of	the	remaining	facial	flap.	Vertical
relaxing	incisions	are	usually	not	needed.	Step	2:	The	gingiva	is	reflected	with	a	periosteal	elevator	(Fig.	45.34D)	Step	3:	A	crevicular	incision	is	made	from	the	bottom	of	the	pocket	to	the	bone	in	such	a	way	that	it	circumscribes	the	triangular	wedge	of	tissue	that	contains	the	pocket	lining.	Step	4:	After	the	flap	is	reflected,	a	third	incision	is	made	in
the	interdental	spaces	coronal	to	the	bone	with	a	curette	or	an	Orban	knife,	and	the	gingival	collar	is	removed	(Fig.	45.34E	and	F)	Step	5:	Tissue	tags	and	granulation	tissue	are	removed	with	a	curette.	The	root	surfaces	are	checked	and	then	scaled	and	planed,	if	needed	(Fig.	45.34G	and	H).	Residual	periodontal	fibers	attached	to	the	tooth	surface
should	not	be	disturbed.	Step	6:	Bone	architecture	is	not	corrected	unless	it	prevents	good	tissue	adaptation	to	the	necks	of	the	teeth.	Every	effort	is	made	to	adapt	the	facial	and	lingual	interproximal	tissue	adjacent	to	each	other	in	such	a	way	that	no	interproximal	bone	remains	exposed	at	the	time	of	suturing.	The	flaps	may	be	thinned	to	allow	for
close	adaptation	of	the	gingiva	around	the	entire	circumference	of	the	tooth	and	to	each	other	interproximally.	Step	7:	Continuous,	independent	sling	sutures	are	placed	in	both	the	facial	and	palatal	areas	(Fig.	45.341	andj)	and	covered	with	a	periodontal	surgical	pack.	Ramfjord	and	Nissie	performed	an	extensive	longitudinal	study	that	compared	the
Widman	procedure	(as	modified	by	them)	with	the	curettage	technique	and	the	pocket	elimination	methods,	which	include	bone	contouring	when	needed.	The	patients	were	assigned	randomly	to	one	of	the	techniques	and	results	were	analyzed	yearly	for	up	to	7	years	after	therapy.	The	researchers	reported	similar	results	for	each	of	the	520	PART	2
Clinical	Periodontics	FIGURE	45.34	Modified-Widman	flap	technique.	A,	Facial	view	before	surgery.	The	probing	of	pockets	revealed	interproximal	depths	that	ranged	from	4-8	mm	and	facial	and	palatal	depths	of	2-5	mm.	B,	Radiographic	survey	of	the	area.	Note	the	generalized	horizontal	bone	loss.	C,	Facial	internal	bevel	incision.	D,	Palatal	incision.
E,	Elevation	of	the	flap,	which	left	a	wedge	of	tissue	still	attached	to	its	base.	F,	Removal	of	tissue.	G,	Tissue	removed	and	ready	for	scaling	and	root	planing.	H,	Scaling	and	root	planing	of	exposed	root	surfaces.	1,	Continuous,	independent	sling	suture	of	facial	portion	of	surgery.	J,	Continuous,	independent	sling	suture	of	palatal	portion	of	surgery.	K,
Postsurgical	result.	(Courtesy	Dr	Kitetsu	Shin,	Saitama,	Japan.)	three	methods	tested.	Pocket	depth	was	initially	similar	for	all	methods	but	it	was	maintained	at	shallower	levels	with	the	Widman	flap;	the	attachment	level	remained	higher	with	the	Widman	flap.	Undisplaced	Flap	Currently,	the	undisplaced	flap	may	be	the	most	frequently	performed
type	of	periodontal	surgery.	It	differs	from	the	modifiedWidman	flap	in	that	the	soft-tissue	pocket	wall	is	removed	with	the	initial	incision;	thus,	it	may	be	considered	an	"internal	bevel	gingivectomy."	The	undisplaced	flap	and	the	gingivectomy	are	the	two	techniques	that	surgically	remove	the	pocket	wall.	To	perform	this	technique	without	creating	a
mucogingival	problem,	the	clinician	should	determine	that	enough	attached	gingiva	will	remain	after	removal	of	the	pocket	wall.	The	following	steps	outline	the	undisplaced	flap	technique.	Step	1:	The	pockets	are	measured	with	the	periodontal	probe	and	a	bleeding	point	is	produced	on	the	outer	surface	of	the	gingiva	to	mark	the	pocket	bottom.	Step
2:	The	initial	or	internal	bevel	incision	is	made	(Fig.	45.35)	after	scalloping	the	bleeding	marks	on	the	gingiva	(Fig.	45.36).	The	incision	is	usually	carried	to	a	point	apical	to	the	alveolar	crest	depending	on	the	thickness	of	the	tissue.	The	thicker	the	tissue	is,	the	more	apical	the	ending	point	of	the	incision	(Fig.	45.35).	In	addition,	thinning	of	the	flap
should	be	performed	with	the	initial	incision,	because	it	is	easier	to	accomplish	at	this	time	than	it	is	later	45	The	Periodontal	Flap	(A)	BP	=	Bottom	of	Pocket	MGJ	=	Mucogingival	Junction	BP	(B)	521	=	MGJ	Bottom	of	Pocket	=	Mucogingival	Junction	FIGURE	45.35	Diagram	showing	the	location	of	two	different	areas	where	the	internal	bevel	incision
is	made	in	an	undisplaced	flap.	The	incision	is	made	at	the	level	of	the	pocket	to	discard	the	tissue	coronal	to	the	pocket	if	there	is	sufficient	remaining	attached	gingiva.	with	a	loose,	reflected	flap	that	is	difficult	to	manage.	(The	use	of	this	technique	in	palatal	areas	is	considered	in	the	discussion	that	follows	this	list.)	Step	3:	The	second	or	crevicular
incision	is	made	from	the	bottom	of	the	pocket	to	the	bone	to	detach	the	connective	tissue	from	the	bone.	Step	4:	The	flap	is	reflected	with	a	periosteal	elevator	(blunt	dissection)	from	the	internal	bevel	incision.	Usually	there	is	no	need	for	vertical	incisions,	because	the	flap	is	not	displaced	apically	Step	5:	The	third	or	interdental	incision	is	made	with
an	interdental	knife	to	separate	the	connective	tissue	from	the	bone.	Step	6:	The	triangular	wedge	of	tissue	created	by	the	three	incisions	is	removed	with	a	curette.	Step	7:	The	area	is	debrided	to	remove	all	tissue	tags	and	granulation	tissue	with	the	use	of	sharp	curettes.	Step	8:	After	the	necessary	scaling	and	root	planing,	the	flap	edge	should	rest
on	the	root-bone	junction.	If	this	is	not	the	case	as	a	result	of	the	improper	location	of	the	initial	incision	or	the	unexpected	need	for	osseous	surgery,	the	edge	of	the	flap	is	scalloped	again	and	trimmed	to	allow	the	flap	edge	to	end	at	the	root-bone	junction.	Step	9:	A	continuous	sling	suture	is	used	to	secure	the	facial	and	lingual	or	palatal	flaps.	This
type	of	suture,	which	makes	use	of	the	tooth	as	an	anchor,	is	advantageous	to	position	and	hold	the	flap	edges	at	the	root-bone	junction.	The	area	is	covered	with	a	periodontal	pack.	Palatal	Flap	The	surgical	approach	to	the	palatal	area	differs	from	that	used	for	other	areas	as	a	result	of	the	character	of	the	palatal	tissue	and	the	anatomy	of	the	area.
The	palatal	tissue	is	all	attached,	keratinized	tissue	and	has	none	of	the	elastic	properties	associated	with	other	gingival	tissues.	Therefore,	the	palatal	tissue	cannot	be	apically	displaced	and	a	partial-thickness	(splitthickness)	flap	cannot	be	accomplished.	The	initial	incision	for	the	palatal	flap	should	allow	the	flap,	when	sutured,	to	be	precisely
adapted	at	the	root-bone	junction.	The	flap	cannot	be	moved	apically	or	coronally	to	adapt	to	the	root-bone	junction,	as	can	be	done	with	the	flaps	in	other	areas.	Therefore,	the	location	of	the	initial	incision	is	important	for	the	final	placement	of	the	flap.	The	palatal	tissue	may	be	thin	or	thick	and	it	may	or	may	not	have	osseous	defects.	The	palatal
vault	may	be	high	or	low.	These	anatomic	variations	may	require	changes	in	the	location,	angle,	and	design	of	the	incision.	The	initial	incision	for	a	flap	varies	with	the	anatomic	situation.	As	shown	in	Fig.	45.37,	the	initial	incision	may	be	the	usual	internal	bevel	incision,	which	will	then	be	followed	by	crevicularand	interdental	incisions.	If	the	tissue	is
thick,	a	horizontal	gingivectomy	incision	may	be	made,	and	this	may	be	followed	by	an	internal	bevel	incision	that	starts	at	the	edge	of	this	incision	and	ends	on	the	lateral	surface	of	the	underlying	bone.	The	placement	of	the	internal	bevel	incision	must	be	done	in	such	a	way	that	the	flap	fits	around	the	tooth	without	exposing	the	bone.	522	PART	2
Clinical	Periodontics	FIGURE	45.36	Undisplaced	flap.	A	and	B,	Preoperative	facial	and	palatal	views.	C	and	D,	Internal	bevel	incisions	in	the	facial	and	palatal	aspects.	Note	the	deeper	scalloping	palatally	for	the	replaced	flap.	E	and	F,	Flap	elevated	to	show	osseous	defects.	G	and	H,	Osseous	surgery	has	been	performed.	I	and	J,	Flaps	have	been
placed	in	their	original	sites	and	sutured.	Kand	L,	Postoperative	results.	(Courtesy	Dr	Paulo	Camargo,	University	of	California,	Los	Angeles.)	FIGURE	45.37	Examples	of	two	methods	for	eliminating	a	palatal	pocket.	One	incision	is	an	internal	bevel	incision	made	at	the	area	of	the	apical	extent	of	the	pocket.	The	other	procedure	involves	a
gingivectomy	incision,	which	is	followed	by	an	internal	bevel	incision.	Before	the	flap	is	reflected	to	the	final	position	for	scaling	and	management	of	the	osseous	lesions,	its	thickness	must	be	checked.	Flaps	should	be	thin	to	adapt	to	the	underlying	osseous	tissue	and	provide	a	thin,	knife-like	gingival	margin.	Flaps-particularly	palatal	flaps-are	often
too	thick;	they	may	have	a	propensity	to	separate	from	the	tooth,	which	may	delay	and	complicate	healing.	It	is	best	to	thin	the	flaps	before	their	complete	reflection	because	a	free,	mobile	flap	is	difficult	to	hold	for	thinning	(Fig.	45	38)	A	sharp,	thin	papilla	positioned	properly	around	the	interdental	areas	at	the	tooth-bone	junction	is	essential	to
prevent	the	recurrence	of	soft-tissue	pockets.	The	purpose	of	the	palatal	flap	should	be	considered	before	the	incision	is	made.	If	the	intent	of	the	surgery	is	debridement,	the	internal	bevel	incision	is	planned	so	that	the	flap	adapts	at	the	root-bone	junction	when	sutured.	If	osseous	resection	is	necessary,	the	incision	should	be	planned	to	compensate
for	the	lowered	level	of	the	bone	when	the	flap	is	closed.	Probing	and	sounding	of	the	osseous	level	and	the	depth	of	the	intrabony	pocket	should	be	used	to	determine	the	position	of	the	incision.	The	apical	portion	of	the	scalloping	should	be	narrower	than	the	line-angle	area	because	the	palatal	root	tapers	apically.	A	rounded	scallop	results	in	a
palatal	flap	that	does	not	fit	snugly	around	the	root.	This	procedure	should	be	done	before	45	The	Periodontal	Flap	523	1/	(8)	(A)	FIGURE	45.38	Diagrams	that	illustrate	the	angle	of	the	internal	bevel	incision	in	the	palate	and	the	different	ways	to	thin	the	flap.	A,	The	usual	angle	and	direction	of	the	incision.	B,	Thinning	of	the	flap	after	it	has	been
slightly	reflected	with	a	second	internal	incision.	C,	Beveling	and	thinning	of	the	flap	with	the	initial	incision	if	the	position	and	contour	of	the	tooth	allow.	D,	The	problem	encountered	when	thinning	the	flap	after	it	has	been	reflected.	The	flap	is	too	loose	and	free	for	proper	positioning	and	for	the	making	of	the	incision.	FIGURE	45.39	A,	Distal	view	of
incisions	made	to	eliminate	a	pocket	distal	to	the	maxillary	second	molar.	B,	Two	parallel	incisions	and	the	removal	of	the	intervening	tissue.	C,	Thinning	of	the	flap	and	contouring	of	the	bone.	D,	Approximation	of	the	buccal	and	palatal	flaps.	With	some	variants,	the	apically	displaced	flap	technique	can	be	used	for	pocket	eradication,	widening	the
zone	of	attached	gingiva,	or	both.	Depending	on	the	purpose,	the	apically	displaced	flap	can	be	a	full-thickness	(mucoperiosteal)	flap	or	a	split-thickness	(mucosa!)	flap.	The	split-thickness	flap	requires	more	precision	and	time,	as	well	as,	a	gingival	tissue	that	is	thick	enough	to	split,	but	it	can	be	more	accurately	positioned	and	sutured	in	an	apical
position	with	the	use	of	a	periosteal	suturing	technique,	as	follows.	1	mm	from	the	crest	of	the	gingiva	and	directed	to	the	crest	of	the	bone.	The	incision	is	made	after	the	existing	scalloping	and	there	is	no	need	to	mark	the	bottom	of	the	pocket	in	the	external	gingival	surface,	because	the	incision	is	unrelated	to	pocket	depth.	It	is	also	not	necessary
to	accentuate	the	scallop	interdentally	because	the	flap	is	displaced	apically	and	not	placed	interdentally	Step	2:	Crevicular	incisions	are	made	and	is	followed	by	the	initial	elevation	of	the	flap.	Interdental	incisions	are	then	performed	and	the	wedge	of	tissue	that	contains	the	pocket	wall	is	removed.	Step	3:	Vertical	incisions	are	made	extending
beyond	the	mucogingival	junction.	If	the	objective	is	a	full-thickness	flap,	it	is	elevated	by	blunt	dissection	with	a	periosteal	elevator.	If	a	split-thickness	flap	is	required,	it	is	elevated	via	sharp	dissection	with	the	use	of	a	Bard-Parker	knife	to	split	it.	This	leaves	a	layer	of	connective	tissue,	including	the	periosteum,	on	the	bone.	Step	4:	After	the
removal	of	all	granulation	tissue,	scaling	and	root	planing,	and	osseous	surgery	if	needed,	the	flap	is	displaced	apically	It	is	important	that	the	vertical	incisions-and	therefore	the	flap	elevation-reach	past	the	mucogingival	junction	to	provide	adequate	mobility	to	the	flap	for	its	apical	displacement.	Step	5:	If	a	full-thickness	flap	was	created,	a	sling
suture	around	the	tooth	prevents	the	flap	from	sliding	to	a	position	more	apical	than	what	is	desired,	and	the	periodontal	dressing	can	avoid	its	movement	in	a	coronal	direction.	A	partial-thickness	flap	is	sutured	to	the	periosteum	with	the	use	of	a	direct	loop	suture	or	a	combination	of	loop	and	anchor	suture.	A	dry	foil	is	placed	over	the	flap	before	it
is	covered	with	the	dressing	to	prevent	the	introduction	of	pack	under	the	flap.	Step	1:	An	internal	bevel	incision	is	made	(Fig.	45.40).	To	preserve	as	much	of	the	keratinized	and	attached	gingiva	as	possible	(Fig.	45.32),	it	should	be	no	more	than	about	After	1	week,	dressings	and	sutures	are	removed.	The	area	is	usually	repacked	for	another	week,
after	which	the	patient	is	instructed	to	use	chlorhexidine	mouthrinse	or	to	apply	the	complete	reflection	of	the	palatal	flap	because	a	loose	flap	is	difficult	to	grasp	and	stabilize	for	dissection.	It	is	sometimes	necessary	to	thin	the	palatal	flap	after	it	has	been	reflected.	This	can	be	accomplished	by	holding	the	inner	portion	of	the	flap	with	a	mosquito
hemostat	or	Adson	forceps	as	the	inner	connective	tissue	is	carefully	dissected	away	with	a	sharp	no.	15	scalpel	blade.	Care	must	be	taken	to	not	perforate	or	overthin	the	flap.	The	edge	of	the	flap	should	be	thinner	than	the	base;	therefore,	the	blade	should	be	angled	toward	the	lateral	surface	of	the	palatal	bone.	The	dissected	inner	connective	tissue
is	removed	with	a	hemostat.	As	with	any	flap,	the	triangular	papilla	portion	should	be	thin	enough	to	fit	snugly	against	the	bone	and	into	the	interdental	area	(Fig.	45	39)	The	principles	for	the	use	of	vertical	releasing	incisions	are	similar	to	those	for	using	other	incisions.	Care	must	be	exercised	so	that	the	length	of	the	incision	is	minimal	to	avoid	the
numerous	vessels	located	in	the	palate.	Apically	Displaced	Flap	524	PART	2	Clinical	Periodontics	FIGURE	45.40	An	apically	displaced	flap.	A	and	B,	Facial	and	lingual	preoperative	views.	C	and	D,	The	facial	and	lingual	flaps	have	been	elevated.	E	and	F,	After	debridement	of	the	areas.	G	and	H,	The	sutures	are	in	place.	1	and	J,	Healing	after	1	week.
K,	Healing	after	2	months.	Note	the	preservation	of	attached	gingiva	displaced	to	a	more	apical	position.	(Courtesy	Dr	Thomas	Han,	Los	Angeles,	CA.)	chlorhexidine	topically	with	cotton-tipped	applicators	for	another	2	or	3	weeks.	Flaps	for	Reconstructive	Surgery	In	current	reconstructive	therapy,	bone	grafts,	membranes,	or	a	combination	of	these-
with	or	without	other	agents-are	used	for	a	successful	outcome.	The	flap	design	should,	therefore,	be	set	up	so	that	the	maximum	amount	of	gingival	tissue	and	papilla	are	retained	to	cover	the	material	placed	in	the	pocket.	Two	flap	designs	are	available	for	reconstructive	surgery:	the	papilla-preservation	flap	and	the	conventional	flap	with	only
crevicular	incisions.	The	flap	design	of	choice	is	the	papillapreservation	flap,	which	retains	the	entire	papilla	covering	the	lesion.	However,	to	use	this	flap,	there	must	be	an	adequate	interdental	space	to	allow	the	intact	papilla	to	be	reflected	with	the	facial	or	lingual/palatal	flap.	When	the	interdental	space	is	very	narrow,	thereby	making	it	impossible
to	perform	a	papilla-preservation	flap,	a	conventional	flap	with	only	erevicular	incisions	is	made.	Papilla-Preservation	Flap	The	technique	for	employing	a	papilla-preservation	flap	is	as	follows	(Figs.	45.41	and	45.42).	Step	1:	A	crevicular	incision	is	made	around	each	tooth,	with	no	incisions	across	the	interdental	papilla.	Step	2:	The	preserved	papilla
can	be	incorporated	into	the	facial	or	lingual/palatal	flap,	although	it	is	most	often	integrated	into	the	facial	flap.	In	these	cases,	the	lingual	or	palatal	incision	consists	of	a	semilunar	incision	across	the	interdental	papilla	in	its	palatal	or	lingual	aspect;	this	incision	dips	apically	from	the	line	angles	of	the	tooth	so	that	the	papillary	incision	is	at	least	5
mm	from	the	crest	of	the	papilla.	Step	3:	An	Orban	knife	is	then	introduced	into	this	incision	to	sever	half	to	two-thirds	of	the	base	of	the	interdental	papilla.	The	papilla	is	then	dissected	from	the	lingual	or	palatal	aspect	and	elevated	intact	with	the	facial	flap.	Step	4:	The	flap	is	reflected	without	thinning	the	tissue.	Conventional	Flap/	Access	Flap	The
technique	for	employing	a	conventional	flap	for	reconstructive	surgery	is	as	follows.	Step	1:	With	the	use	of	a	no.	12	blade,	an	incision	to	the	tissue	is	made	at	the	bottom	of	the	pocket	and	to	the	crest	of	the	bone	to	split	the	papilla	below	the	contact	point.	Every	effort	should	be	made	to	retain	as	much	tissue	as	possible	to	protect	the	area
subsequently.	Step	2:	The	flap	is	reflected;	keeping	it	as	thick	as	possible	without	attempting	to	thin	it	as	is	done	for	resective	surgery.	The	maintenance	of	a	thick	flap	is	necessary	to	prevent	exposure	of	the	graft	or	the	membrane,	which	results	from	necrosis	of	the	flap	margins.	45	The	Periodontal	Flap	525	~t	\	\	(A)	\	(C)	FIGURE	45.41	Flap	design
for	a	papilla-preservation	flap.	A,	Incisions	for	this	type	of	flap	are	depicted	by	interrupted	lines.	The	preserved	papilla	can	be	incorporated	into	the	facial	or	the	lingual-palatal	flap.	B,	The	reflected	flap	exposes	the	underlying	bone.	Several	osseous	defects	are	seen.	C,	The	flap	has	been	returned	to	its	original	position,	where	it	covers	all	of	the
interdental	spaces.	FIGURE	45.42	Papilla-preservation	flap.	A,	Facial	view	after	sulcular	incisions	have	been	made.	B,	Straight-line	incision	in	the	palatal	area	about	3	mm	from	the	gingival	margins.	This	incision	is	then	connected	to	the	margins	with	vertical	incisions	at	the	midpart	of	each	tooth.	C,	Papillae	are	reflected	with	the	facial	flap.	D,	Lingual
view	after	the	reflection	of	the	flap.	E,	Lingual	view	after	the	flap	is	brought	back	to	its	original	position.	It	is	then	sutured	with	independent	sutures.	F,	Facial	view	after	healing.	G,	Palatal	view	after	healing.	(Courtesy	Dr	Thomas	Han,	Los	Angeles,	CA.)	Distal	Molar	Surgery	The	treatment	of	periodontal	pockets	on	the	distal	surface	of	terminal	molars
is	often	complicated	by	the	presence	of	bulbous	fibrous	tissue	over	the	maxillary	tuberosity	or	prominent	retromolar	pads	in	the	mandible.	Deep-vertical	defects	are	also	often	present	in	conjunction	with	the	redundant	fibrous	tissue.	Some	of	these	osseous	lesions	may	result	from	incomplete	repair	after	the	extraction	of	impacted	third	molars	(Fig.
4543)	The	gingivectomy	incision	is	the	most	direct	approach	to	the	treatment	of	distal	pockets	that	have	adequate	attached	gingiva	and	no	osseous	lesions.	However,	the	flap	approach	is	less	traumatic	postsurgically	because	it	produces	a	primary	closure	wound	rather	than	the	open	secondary	wound	left	by	a	gingivectomy	incision.	In	addition,	it
results	in	attached	526	I	I	I	PART	2	Clinical	Periodontics	v	(A)	I	I	~	1/	/I	1/	I	/	I	-._	I	I	I	I	--\	I	I	~	\	I	\	JI	\	I\	\	I	I	I	I	/	I	/	1	I	I	~1	I	v	I	,,	I	I	A	~,	I	\	/	,	(C)	''	(B)	I	I	I\	I	I	\	I	I	I	I	I	I	\	I	i	,I,.	,	,	Technique	Two	parallel	incisions	that	begin	at	the	distal	portion	of	the	tooth	and	extend	to	the	mucogingival	junction	distal	to	the	tuberosity	or	retromolar	pad	are	made
(Fig.	45.45).	The	faciolingual	distance	between	these	two	incisions	depends	on	the	depth	of	the	pocket	and	the	amount	of	fibrous	tissue	involved.	The	deeper	the	pocket,	the	greater	is	the	distance	between	the	two	parallel	incisions.	It	is	important	to	note	that,	when	the	tissue	between	the	two	incisions	is	removed	and	the	flaps	are	thinned,	the	two	flap
edges	must	approximate	each	other	at	a	new	apical	position	without	overlapping.	When	the	depth	of	the	pocket	cannot	be	easily	estimated,	it	is	better	to	err	on	the	conservative	side	to	leave	overlapping	flaps	rather	than	flaps	that	are	too	short	and	that	result	in	the	exposure	of	bone.	When	the	two	flaps	overlap	after	the	surgery	is	completed,	they
should	be	placed	one	over	the	other.	The	overlapping	portion	of	one	of	them	is	grabbed	with	a	hemostat	and	a	sharp	knife	or	scissors	is	then	used	to	cut	the	excess.	A	transversal	incision	is	made	at	the	distal	end	of	the	two	parallel	incisions	so	that	a	long,	rectangular	piece	of	tissue	can	be	removed.	These	incisions	are	usually	interconnected	with	the
incisions	for	the	remainder	of	the	surgery	in	the	quadrant	involved.	The	parallel	distal	incisions	should	be	confined	to	the	attached	gingiva	because	bleeding	and	flap	management	become	problems	when	the	incision	is	extended	into	the	alveolar	mucosa.	If	access	is	difficult-especially	if	the	distance	from	the	distal	aspect	of	the	tooth	to	the
mucogingival	junction	is	short-then	a	vertical	incision	can	be	made	at	the	end	of	the	parallel	incisions.	When	treating	the	tuberosity	area,	the	two	distal	incisions	are	usually	made	at	the	midline	of	the	tuberosity	(Fig.	45.46).	In	most	cases,	no	attempt	is	made	to	undermine	the	underlying	tissue	at	this	time.	These	incisions	are	made	straight	down	into
the	underlying	bone,	where	access	is	difficult.	A	no.	12B	blade	is	generally	used.	It	is	easier	to	dissect	out	the	underlying	redundant	tissue	when	the	flap	is	partially	reflected.	When	the	distal	flaps	are	placed	back	on	the	bone,	the	two	flap	margins	should	closely	approximate	each	other.	,	,	I	I	,,	I	I	'./	FIGURE	45.43	A,	Impaction	of	a	third	molar	distal	to
a	second	molar	with	little	or	no	interdental	bone	between	the	two	teeth.	B,	Removal	of	the	third	molar	creates	a	pocket	with	little	or	no	bone	distal	to	the	second	molar.	C,	This	often	leads	to	a	vertical	osseous	defect	distal	to	the	second	molar.	gingiva.	It	also	provides	access	for	examination	and,	if	needed,	correction	of	the	osseous	defect.	Procedures
for	this	purpose	were	described	by	Robinson	and	Braden	and	modified	by	several	other	investigators.	Some	representative	procedures	are	discussed	in	the	following	sections.	Maxillary	Molars	The	treatment	of	distal	pockets	on	the	maxillary	arch	is	usually	simpler	than	the	treatment	of	a	similar	lesion	on	the	mandibular	arch,	because	the	tuberosity
presents	a	greater	amount	of	fibrous	attached	gingiva	than	does	the	area	of	the	retromolar	pad.	In	addition,	the	anatomy	of	the	tuberosity	that	extends	distally	is	more	adaptable	to	pocket	elimination	than	is	that	of	the	mandibular-molar	arch,	where	the	tissue	extends	coronally.	However,	the	lack	of	a	broad	area	of	attached	gingiva	and	the	abruptly
ascending	tuberosity	sometimes	complicate	therapy	(Fig.	45.	44).	The	following	considerations	determine	the	location	of	the	incision	for	distal	molar	surgery:	accessibility,	amount	of	attached	gingiva,	pocket	depth,	and	available	distance	from	the	distal	aspect	of	the	tooth	to	the	end	of	the	tuberosity	or	retromolar	pad.	I,..	\	1'	1'	I/	I	I	I	Ir	II	I	I	't	I	\	I	/	I	/
f	I	I	-	,.	/	/	f	.,-----	r,~	f	\	f	I	I	I	Mandibular	Molars	Incisions	for	the	mandibular	arch	differ	from	those	used	for	the	tuberosity	as	a	result	of	differences	in	the	anatomy	and	histologic	features	of	the	areas.	The	retromolar	pad	area	does	not	usually	present	as	much	fibrous	attached	gingiva.	The	/	/I	I	I	I	')..'"'	\..	/	/	/	/	_.1	(,	('	r'	~	11	\f	I	If	It	I	I	I	I	I	I	)	f	I_/	:
r'lr•~	I	\\	f	I	I	II	II	I	I	I	I	I	f	I_,_	V"	\	-I	(A)	---	.,,,	,	,/	1/	(B)	FIGURE	45.44	A,	Removal	of	a	pocket	distal	to	the	maxillary	second	molar	may	be	difficult	if	there	is	minimal	attached	gingiva.	If	the	bone	ascends	acutely	apically,	the	removal	of	this	bone	may	make	the	procedure	easier.	B,	A	long	distal	tuberosity	with	abundant	attached	gingiva	is	an	ideal
anatomic	situation	for	distal	pocket	eradication.	45	The	Periodontal	Flap	527	FIGURE	45.45	A,	A	distal	pocket	eradication	procedure	with	the	incision	distal	to	the	molar.	B,	A	scalloped	incision	around	the	remaining	teeth.	C,	The	flap	has	been	reflected	and	thinned	around	the	distal	incision.	D,	The	flap	in	position	before	suturing.	It	should	be	closely
approximated.	E,	The	flap	sutured	both	distally	and	over	the	remaining	surgical	area.	I	,	~~---	-----:	,	I	I	I	FIGURE	45.46	Typical	incision	design	for	a	surgical	procedure	distal	to	the	maxillary	second	molar.	keratinized	gingiva,	if	present,	may	not	be	found	directly	distal	to	the	molar.	The	greatest	amount	may	be	distolingual	or	distofacial,	and	it	may	not
be	over	the	bony	crest.	The	ascending	ramus	of	the	mandible	may	also	create	a	short,	horizontal	area	distal	to	the	terminal	molar.	The	shorter	this	area,	the	more	difficult	it	is	to	treat	any	deep	distal	lesion	around	the	terminal	molar.	The	two	incisions	distal	to	the	molar	should	follow	the	area	with	the	greatest	amount	of	attached	gingiva	(Figs.	45.47
and	45.48).	Therefore,	the	incisions	could	be	directed	distolingually	or	distofacially,	depending	on	which	area	has	more	attached	gingiva.	Before	the	flap	is	completely	reflected,	it	is	thinned	with	a	no.	15	blade.	It	is	easier	to	thin	the	flap	before	it	is	completely	free	and	mobile.	After	the	reflection	of	the	flap	and	the	removal	of	the	redundant	fibrous
tissue,	any	necessary	osseous	surgery	is	performed.	The	flaps	are	approximated	similarly	to	those	in	the	maxillary	tuberosity	area.	Conclusion	Periodontal	flap	surgery	is	the	most	widely	used	surgical	procedure	to	treat	pockets.	Periodontal	flaps	are	designed	to	preserve	gingival	integrity	and	to	gain	access	to	root	surfaces	for	residual	calculus
removal	and	to	thoroughly	remove	granulation	tissue	so	that	bone	defects	can	be	visualized	and	treated.	Gentle	and	efficient	procedures	result	in	optimum	healing	(A)	I'	\	I	I	I	I	I	I	I	I	I	'~'	I	I	I	I	---,---	'	,.	'	I	,	,	l	\	I	,,	I	I	'	I	,	I	I	'I,'	I	\	I	\	\	I	,	,'	I	,,	I	,,'	/	I	I	I	I	I	I	,J	,1	I	I	I	,,	I	------(8)	FIGURE	45.47	A,	Pocket	eradication	distal	to	a	mandibular	second	molar	with
minimal	attached	gingiva	and	a	close	ascending	ramus	is	anatomically	difficult.	B,	For	surgical	procedures	distal	to	a	mandibular	second	molar,	abundant	attached	gingiva	and	distal	space	are	ideal.	and	minimal	postoperative	pain.	When	flaps	need	to	be	repositioned	apically	or	coronally,	they	must	sit	passively	at	the	appropriate	level	before	suturing.
To	ensure	this,	buccal	and	lingual	flaps	need	to	be	elevated	beyond	the	mucogingival	junction	so	that	the	elasticity	of	the	mucosa	allows	for	flap	mobility.	Sometimes	it	may	be	necessary	to	extend	the	flap	elevation	apically	with	a	split	incision	approach	to	minimize	the	effect	of	the	less	elastic	periosteum.	Vertical	incisions	can	aid	in	flap	positioning	by
allowing	the	clinician	to	suture	the	flap	at	a	different	level	to	the	adjacent	untreated	gingiva.	528	PART	2	Clinical	Periodontics	bone	margins,	flaps	for	the	precise	processes	of	osseous	surgery,	and	flaps	for	periodontal	regeneration.	All	of	these	approaches	have	specific	flap	designs	and	step-by-step	elements,	and	all	of	them	include	calculus	removal
and	root	planing	as	part	of	the	essential	treatment	protocol.	Flaps	should	allow	for	adequate	access	and	they	should	be	reflected	so	that	at	least	3	mm	of	crestal	bone	is	exposed.	If	the	flaps	are	to	be	positioned	apically,	flap	mobility	is	obtained	by	extending	the	facial	and	lingual	flap	elevation	beyond	the	mucogingival	junction,	which	enables	the
elasticity	of	the	mucosa	to	be	applied.	Palatal	flaps	are	much	less	mobile;	thus,	inverse	bevel	incisions	are	used	to	remove	marginal	gingival	tissues	so	that,	at	the	time	of	suturing,	the	flap	margin	is	positioned	apically,	if	so	indicated.	Papilla-preservation	techniques	with	various	modifications	are	applied	to	those	areas	in	which	gingival	recession	needs
to	be	minimized.	For	some	esthetic	locations,	nonsurgical	therapy	may	be	more	appropriate	than	flap	surgery	Adjacent	edentulous	areas	are	incorporated	into	the	flap	design	with	the	use	of	wedge	incisions	that	enable	access	to	adjacent	root	surfaces	for	complete	root	planing	and	that	allow	clinicians	to	visualize	and	treat	the	associated	bone	defects.
Postoperative-plaque	control	is	essential	for	successful	outcomes.	Clinicians	should	ensure	that	patients	have	demonstrated	adequate	oral	hygiene	during	the	presurgical	phase	and	they	should	emphasize	that	this	must	continue	this	after	surgery	FIGURE	45.48	Incision	designs	for	surgical	procedures	distal	to	the	mandibular	second	molar.	The
incision	should	follow	the	areas	of	greatest	attached	gingiva	and	underlying	bone.	SUGGESTED	READINGS	Ainamo	A,	Bergenholtz	A,	Hugoson	A,	et	al:	Location	of	the	mucogingival	junction	18	years	after	apically	repositioned	nap	surgery,	J	Clin	Periodontal	19:49,	1992.	Palatal	flaps	are	less	mobile	as	a	result	of	the	absence	of	oral	mucosa,	so	the
apical	position	of	the	flap	depends	on	how	much	marginal	gingival	tissue	is	discarded	with	the	use	of	a	reverse	bevel	incision.	The	more	apical	positioning	desired,	the	more	extensive	is	the	reverse	bevel	cut.	Palatal	flaps	are	more	difficult	to	position	coronally	than	buccal	or	lingual	flaps.	Thus,	if	it	is	required	to	position	flaps	coronally	or	even	at	their
original	levels,	then	a	sulcular	incision	is	used.	During	osseous	periodontal	surgery,	flaps	are	apically	positioned	to	minimize	postoperative	pocket	depth.	During	regenerative	periodontal	surgery,	soft-tissue	coverage	of	bony	defects,	graft	materials,	membranes,	and	biologic	agents	is	important,	so	sulcular	incisions	and	tight	suturing	techniques	are
crucial.	Periodontal	flap	procedures	for	pocket	therapy	include	flaps	that	are	created	solely	for	access	to	root	surfaces	and	Braden	BE:	Deep	distal	pockets	adjacent	to	terminal	teeth,	Dent	Clin	North	Am	13:161,	1969.	Caton	J,	Nyman	S:	Histometric	evaluation	of	periodontal	surgery.	I.	The	modified	Widman	nap	procedure,]	Clin	Periodontal	7:212,
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Dwarakanath	Chapter	Outline	Chronic	Inflammatory	Enlargement	Gingival	and	Periodontal	Abscesses	Drug-Associated	Gingival	Enlargement	Gingival	Enlargement	During	Pregnancy	Neoplastic	Gingival	Enlargements	(Gingival	Tumours)	and	Other	Solitary	Overgrowths	Recurrence	of	Gingival	Enlargement	The	treatment	of	gingival	enlargement	is
based	on	an	understanding	of	the	cause	and	underlying	pathologic	changes	of	this	condition.	Gingival	enlargements	are	of	special	concern	to	the	patient	and	the	dentist	because	they	pose	problems	that	involve	plaque	control,	function	(including	mastication,	tooth	eruption,	and	speech),	and	aesthetics.	As	they	differ	with	regard	to	cause,	the	treatment
of	each	type	is	best	considered	individually.	Chronic	Inflammatory	Enlargement	Chronic	inflammatory	enlargements,	which	are	soft	and	discolored	and	which	are	caused	principally	by	edema	and	cellular	infiltration,	are	treated	by	scaling	and	root	planing,	provided	that	the	size	of	the	enlargement	does	not	interfere	with	the	complete	removal	of
deposits	from	the	involved	tooth	surfaces.	When	chronic	inflammatory	gingival	enlargements	include	a	significant	fibrotic	component	that	do	not	undergo	shrinkage	after	scaling	and	root	planing	or	are	of	such	size	that	they	obscure	deposits	on	the	tooth	surfaces	and	interfere	with	access	to	them,	surgical	removal	is	the	treatment	of	choice.	Two
techniques	are	available	for	this	purpose:	gingivoplasty/	gingivectomy	and	the	flap	operation.	The	selection	of	the	appropriate	technique	depends	on	the	size	of	the	enlargement	and	the	character	of	the	tissue.	When	the	enlarged	gingiva	remains	soft	and	friable	even	after	scaling	and	root	planing,	a	gingivectomy	is	used	to	remove	it	because	a	flap
requires	a	firmer	tissue	in	order	that	the	incisions	and	the	other	steps	in	the	technique	may	be	performed.	However,	if	the	gingivectomy	incision	removes	all	of	the	attached	gingiva,	thereby	creating	a	mucogingival	problem,	then	a	flap	operation	is	indicated.	Tumor-like	inflammatory	enlargements	are	treated	by	gingivectomy.	Gingival	and	Periodontal
Abscesses	The	reader	is	referred	to	Chapters	32	and	33	for	a	complete	discussion	of	abscess	treatment.	Drug-Associated	Gingival	Enlargement	Gingival	enlargement	has	been	associated	primarily	with	the	administration	of	three	different	types	of	drugs:	anticonvulsants,	calcium	channel	blockers,	and	the	immunosuppressants.	Chapter	15	provides	a
comprehensive	review	of	the	clinical	and	microscopic	features	and	the	pathogenesis	of	gingival	enlargement	induced	by	these	drugs.	There	is	limited	evidence	that	other	drugs	may	also	induce	gingival	enlargement,	albeit	at	a	lower	prevalence	and	with	a	lesser	severity.	The	examination	of	cases	of	drug-induced	gingival	enlargement	reveals	the
overgrown	tissues	to	have	two	components:	fibrotic,	which	are	caused	by	the	drug,	and	inflammatory,	which	are	induced	by	bacterial	plaque.	Although	the	fibrotic	and	inflammatory	components	present	in	the	enlarged	gingiva	are	the	result	of	distinct	pathologic	processes,	they	almost	always	are	observed	in	combination.	The	role	of	bacterial	plaque
in	the	overall	pathogenesis	of	drug-induced	gingival	enlargement	is	not	clear.	Treatment	Options	The	treatment	of	drug-induced	gingival	enlargement	should	be	based	on	the	medication	being	used	and	the	clinical	features	of	the	case.	529	530	PART	2	Clinical	Periodontics	Patient	taking	drug	known	to	cause	gingival	enlargement	Gingival	enlargement
present	Gingival	enlargement	not	present	Oral	hygiene	reinforcement	Chlorhexidine	gluconate	rinses	Scaling	and	root	planing	Possible	drug	substitution	/	Professional	recalls	Oral	hygiene	reinforcement	Professional	recalls	Gingival	enlargement	regresses	Reevaluation	Maintain	good	oral	hygiene	Maintain	professional	recalls	Gingival	enlargement
persists	Small	areas	of	enlargement	(6	teeth)	No	attachment	loss	or	Horizontal	bone	loss	Abundance	of	keratinized	tissue	-	Periodontal	surgery	indicated	Large	areas	of	enlargement	(>6	teeth)	Presence	of	osseous	defects	Limited	keratinized	tissue	Gingivectomy	Periodontal	flap	Maintenance:	Good	oral	hygiene	Chlorhexidine	gluconate	rinses
Professional	recalls	Use	of	positive	pressure	appliance	Consider	periodic	surgical	retreatment	FIGURE	46.1	Decision	tree	for	treatment	of	drug-induced	gingival	enlargements.	First,	consideration	should	be	given	to	the	possibility	of	discontinuing	the	drug	or	changing	the	medication.	These	possibilities	should	be	discussed	with	the	patient's	physician
and	the	final	decision	should	be	made	by	the	latter.	Simple	discontinuation	of	the	offending	drug	is	usually	not	practicable,	but	its	substitution	with	another	medication	may	be	an	option.	The	following	alternatives	may	be	considered.	1.	Phenytoin	sodium	may	be	replaced	by	Valproic	acid	and	Carbamazepine.	2.	Nifedipine	may	be	replaced	by	Diltiazem
or	Verapamil	or	other	groups	of	antihypertensives	like	~-blockers,	ACE	inhibitors	etc.	3.	Cyclosporine	can	be	substituted	by	Tacrolimus.	However,	the	replacement	drugs	also	have	shown	to	cause	gingival	overgrowth.	Judicial	decisions	have	to	be	taken	keeping	basically	the	patient's	medical	conditions	in	mind.	The	administration	of	the	antibiotic
Azithromycin	has	been	shown	to	decrease	the	severity	of	gingival	enlargement	induced	by	the	administration	of	cyclosporine.	A	3-day	course	of	systemic	azithromycin	is	reported	to	significantly	decrease	gingival	enlargement,	and	the	effect	is	observed	as	early	as	7-30	days	after	the	initiation	of	antibiotic	therapy	The	topical	administration	of
azithromycin	in	the	form	of	a	toothpaste	also	decreased	the	severity	of	cyclosporine-induced	gingival	enlargement.	In	some	patients,	gingival	enlargement	persists	after	careful	consideration	of	the	previous	approaches.	These	patients	may	require	surgery,	which	may	involve	either	gingivectomy	or	the	periodontal	flap.	The	importance	of	optimal
plaque	control	in	all	such	cases	need	not	be	over	emphasized.	Fig.	46.1	presents	a	decision	tree	that	outlines	the	sequence	of	events	and	options	for	the	treatment	of	drug-induced	gingival	enlargement.	46	Treatment	of	Gingival	Enlargement	FIGURE	46.2	Gingivectomy	technique	as	used	to	treat	patients	with	drug-induced	gingival	enlargement.	The
dashed	line	represents	the	external	bevel	incision,	and	the	shaded	area	corresponds	to	the	tissue	to	be	excised.	The	gingivectomy	incision	may	not	remove	the	entire	hyperplastic	tissue	(shaded	area).	This	may	leave	a	wide	wound	of	exposed	connective	tissue.	Gingivoplasty/Gingivectomy	These	procedures	have	the	advantage	of	simplicity	and
quickness	but	present	the	disadvantages	of	more	postoperative	discomfort	and	an	increased	chance	of	postoperative	bleeding.	They	also	sacrifice	keratinized	tissue	and	do	not	allow	for	osseous	recontouring.	The	clinician's	decision	regarding	the	surgical	techniques	available	must	consider	the	extension	of	the	area	to	be	operated,	the	presence	of
periodontitis	and	osseous	defects,	and	the	location	of	the	base	of	the	pockets	in	relation	to	the	mucogingival	junction.	In	general,	small	areas	(ie,	up	to	six	teeth)	of	druginduced	gingival	enlargement	with	no	evidence	of	attachment	loss	(and	therefore	no	anticipated	need	for	osseous	surgery)	can	be	effectively	treated	with	the	gingivectomy	technique.
An	important	consideration	is	the	amount	of	keratinized	tissue	present:	remember	that	at	least	3	mm	in	the	apicocoronal	direction	should	remain	after	the	surgery	is	completed.	Chapter	44	describes	the	gingivectomy	technique	in	detail.	Fig.	46.2	depicts	the	procedure	diagrammatically,	and	Fig.	46.3	illustrates	a	case	of	cyclosporine-induced	gingival
enlargement	treated	with	the	gingivectomy	technique.	Gingivectomy	or	gingivoplasty	can	also	be	performed	with	electrosurgery	or	via	a	laser	device	(see	Chapter	44).	There	is	some	preliminary	evidence	that	the	recurrence	of	druginduced	gingival	enlargement	is	slower	in	patients	treated	via	laser	as	compared	with	conventional	gingivectomy	or	flap
surgery.	Flap	Technique	Larger	areas	of	gingival	enlargement	(ie,	more	than	six	teeth)	or	areas	where	attachment	loss	and	osseous	defects	are	present	should	be	treated	by	the	flap	technique,	as	should	any	situation	in	which	the	gingivectomy	technique	may	create	a	mucogingival	problem.	The	periodontal	flap	technique	used	for	the	treatment	of
gingival	enlargements	is	a	simple	variation	of	the	one	used	to	treat	periodontitis	(refer	previous	chapter).	Fig.	46.4	shows	531	the	basic	steps	in	the	technique.	Fig.	46.5	shows	a	patient	treated	with	the	flap	technique.	The	recurrence	of	drug-induced	gingival	enlargement	is	a	reality	in	surgically	treated	cases.	As	stated	previously,	meticulous	home
care,	chlorhexidine	gluconate	rinses,	and	professional	cleanings	can	decrease	the	speed	at	which	the	degree	to	which	recurrence	occurs.	A	hard,	natural	rubber,	fitted	bite	guard	worn	at	night	may	help	to	control	recurrence.	Although	the	periodontal	flap	approach	may	be	technically	more	difficult	than	the	gingivectomy	procedure,	as	indicated
previously,	the	postsurgical	healing	of	the	flap	technique	presents	less	discomfort	and	alleviates	hemorrhagic	problems.	The	primary	closure	of	the	surgical	site	with	the	flap	procedure	is	a	great	advantage	over	the	secondary	open	wound	that	results	from	the	gingivectomy	technique.	In	addition,	postsurgical	home	care	can	be	instituted	earlier	with
the	periodontal	flap.	Recurrence	may	occur	as	early	as	3-6	months	after	surgical	treatment,	but,	in	general,	surgical	results	are	maintained	for	at	least	12	months.	In	one	study,	the	6-month	postsurgical	examination	of	the	recurrence	of	cyclosporine-induced	gingival	enlargement	after	periodontal	flap	surgery	or	gingivectomy	determined	that	the
return	of	increased	pocket	depth	was	slower	with	the	flap.	The	recurrence	of	increased	thickness	of	periodontal	tissue,	however,	has	not	been	objectively	evaluated.	Gingival	Enlargement	During	Pregnancy	Treatment	requires	the	elimination	of	all	local	irritants	that	may	be	responsible	for	precipitating	the	gingival	changes	that	occur	during
pregnancy.	The	elimination	oflocal	irritants	early	in	pregnancy	is	a	preventive	measure	against	gingival	disease,	which	is	preferable	to	the	treatment	of	gingival	enlargement	after	it	occurs.	Marginal	and	interdental	gingival	inflammation	and	enlargement	are	treated	by	scaling	and	curettage	(see	Chapters	31).	The	treatment	of	tumor-like	gingival
enlargements	consists	of	surgical	excision	as	well	as	the	scaling	and	planing	of	the	tooth	surface.	The	enlargement	recurs	unless	all	irritants	are	removed.	Food	impaction	is	frequently	an	inciting	factor.	Timing	of	Treatment	and	Indications	Gingival	lesions	during	pregnancy	should	be	treated	as	soon	as	they	are	detected,	although	not	necessarily	by
surgical	means.	Scaling	and	root	planing	procedures	and	adequate	oral	hygiene	measures	may	reduce	the	size	of	the	enlargement.	Gingival	enlargements	do	shrink	after	pregnancy,	but	they	usually	do	not	disappear.	After	pregnancy,	the	entire	mouth	should	be	reevaluated,	a	full	set	of	radiographs	taken,	and	the	necessary	treatment	undertaken.
Lesions	should	be	removed	surgically	during	pregnancy	only	if	they	interfere	with	mastication	or	produce	an	aesthetic	disfigurement	that	the	patient	wants	to	be	removed.	During	pregnancy,	the	emphasis	should	be	on	(1)	preventing	gingival	disease	before	it	occurs	and	(2)	treating	existing	gingival	disease	before	it	worsens.	All	patients	should	be
seen	as	early	as	possible	after	becoming	pregnant.	Those	without	gingival	disease	should	be	checked	for	potential	sources	of	532	PART	2	Clinical	Periodontics	FIGURE	46.3	Surgical	treatment	of	cyclosporin-induced	gingival	enlargement	with	the	use	of	the	gingivectomy	technique	on	a	16-year-old	girl	who	had	received	a	kidney	allograft	2	years
earlier.	A,	Enlarged	gingival	tissues	and	pseudopocket	formation.	No	attachment	loss	or	evidence	of	vertical	bone	loss	existed.	B,	Initial	external	bevel	incision	performed	with	a	Kirkland	knife.	C,	lnterproximal	tissue	release	achieved	with	an	Orban	knife.	D	and	E,	Gingivoplasty	performed	with	tissue	nippers	and	a	round	diamond	at	high	speed	with
abundant	refrigeration.	F,	Aspect	of	the	surgical	wound	at	conclusion	of	the	surgical	procedure.	G,	Placement	of	noneugenol	periodontal	dressing.	H,	The	surgical	area	3	months	postoperatively.	Note	the	successful	elimination	of	the	enlarged	gingival	tissue,	the	restoration	of	a	physiologic	gingival	contour,	and	the	maintenance	of	an	adequate	band	of
keratinized	tissue.	(C)	FIGURE	46.4	Diagram	of	periodontal	flap	treatment	for	druginduced	gingival	enlargement.	A,	Initial	reverse	bevel	incision	followed	by	thinning	of	the	enlarged	gingival	tissue;	dotted	lines	represent	incisions,	and	the	shaded	area	represents	the	tissue	portion	to	be	excised.	B,	After	flap	elevation,	enlarged	portion	of	the	gingival
tissue	is	removed.	C,	The	flap	is	placed	on	top	of	the	alveolar	bone	and	sutured.	local	irritation	and	should	be	instructed	with	regard	to	plaquecontrol	procedures.	Those	with	gingival	disease	should	be	treated	promptly,	before	the	conditioning	effect	of	pregnancy	on	the	gingiva	becomes	manifest.	Chapter	30	presents	the	necessary	precautions	for	the
periodontal	treatment	of	pregnant	women.	Every	pregnant	patient	should	be	scheduled	for	periodic	dental	visits.	The	importance	of	such	visits	for	the	prevention	of	serious	periodontal	disturbances	should	be	stressed.	46	Treatment	of	Gingival	Enlargement	533	FIGURE	46.5	Treatment	of	combined	cyclosporine	and	nifedipine-induced	gingival
enlargement	with	a	periodontal	flap	on	a	35-year-old	female	who	had	received	a	kidney	allograft	3	years	earlier.	A,	Presurgical	clinical	aspect	of	the	lower	anterior	teeth,	showing	severe	gingival	enlargement.	B,	Initial	scalloped	reverse	bevel	incision,	including	maintenance	of	keratinized	tissue	and	creation	of	surgical	papillae.	C,	Elevation	of	a	full-
thickness	flap	and	removal	of	the	inner	portion	of	the	previously	thinned	gingival	tissue.	After	scaling	and	root	planing,	osseous	recontouring	can	be	performed	if	necessary.	D,	The	flap	is	positioned	on	top	of	the	alveolar	crest.	E,	Postsurgical	aspect	of	the	treated	area	at	12	months.	Note	the	reduction	of	enlarged	tissue	volume	and	acceptable	gingival
health.	Neoplastic	Gingival	Enlargements	(Gingival	Tumours)	and	Other	Solitary	Overgrowths	Lesions	such	as	peripheral	giant	cell	granuloma,	fibroma,	pyogenic	granuloma,	etc.	are	frequently	encountered	in	practice.	Such	lesions	have	to	be	excised	and	subjected	to	histopathological	examination	to	confirm	the	clinical	diagnosis.	While	excising	such
lesions,	care	should	be	taken	to	maintain	the	periodontal	architecture	as	much	as	possible.	Rarely	hemangiomas	of	the	gingiva	are	seen	and	the	clinician	has	to	take	appropriate	measures	during	surgery	in	order	to	prevent	potential	bleeding	complications.	Fig.	46.6	A,	B,	C,	and	D	show	a	case	of	pyogenic	granuloma	excised	completely	and	resulting	in
excellent	gingival	form	observed	for	a	period	of	2	years.	Recurrence	of	Gingival	Enlargement	Recurrence	after	treatment	is	the	most	common	problem	in	the	management	of	gingival	enlargement.	Residual	local	irritation	and	systemic	or	hereditary	conditions	that	cause	noninflammatory	gingival	hyperplasia	are	the	responsible	factors.	The	recurrence
of	chronic	inflammatory	enlargement	immediately	after	treatment	indicates	that	all	irritants	have	not	been	removed.	Contributory	local	conditions	(eg,	food	impaction,	overhanging	margins	of	restorations)	are	often	overlooked.	If	the	enlargement	recurs	after	healing	is	complete	and	normal	contour	is	attained,	inadequate	plaque	control	by	the	patient
is	the	most	common	cause.	Recurrence	during	the	healing	period	is	manifested	as	red,	beadlike,	granulomatous	masses	that	bleed	with	slight	provocation.	This	is	a	proliferative	vascular	inflammatory	response	to	local	irritation,	which	is	usually	a	fragment	of	calculus	on	the	root.	The	condition	is	corrected	by	removing	the	granulation	tissue	and
scaling	and	planing	the	root	surface.	Also,	it	should	be	noted	that	healing	tissues	are	highly	sensitive	to	plaque	buildup	and	very	quickly	the	gingiva	increases	in	size.	Hence	optimal	plaque	control	should	be	stressed	to	the	patients.	Further,	if	the	enlargement	is	predisposed	by	malalignment	of	teeth,	orthodontic	treatment	should	be	instituted.
Familial,	hereditary,	or	idiopathic	gingival	enlargement	recurs	after	surgical	removal	even	if	all	local	irritants	have	been	removed.	The	enlargement	can	be	maintained	at	minimal	size	by	preventing	secondary	inflammatory	involvement.	534	PART	2	Clinical	Periodontics	FIGURE	46.6	Pyogenic	granuloma	treated	by	surgical	excision.	A,	Preoperative
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Terminology	Selection	of	Treatment	Technique	Rationale	Factors	in	Selection	of	Resective	Osseous	Surgery	Osseous	Resection	Technique	Flap	Placement	and	Closure	Postoperative	Maintenance	Specific	Osseous	Reshaping	Situations	Conclusions	The	damage	resulting	from	periodontal	disease	manifests	in	variable	destruction	of	the	tooth-supporting
bone.	Generally,	bony	deformities	are	not	uniform;	they	are	not	indicative	of	the	alveolar	housing	of	the	tooth	before	the	disease	process	and	do	not	reflect	the	overlying	gingival	architecture.	Bone	loss	has	been	classified	as	either	"horizontal"	or	"vertical,"	but	in	fact,	bone	loss	is	most	often	a	combination	of	horizontal	and	vertical	loss.	Horizontal	bone
loss	generally	results	in	a	relative	thickening	of	the	marginal	alveolar	bone	because	bone	tapers	as	it	approaches	its	most	coronal	margin.	The	effects	of	this	thickening	and	the	development	of	vertical	defects	leave	the	alveolar	bone	with	countless	combinations	of	bony	shapes.	If	these	various	topographic	changes	are	to	be	altered	to	provide	a	more
physiologic	bone	pattern,	a	method	for	osseous	recontouring	must	be	followed.	Osseous	surgery	may	be	defined	as	the	procedure	by	which	changes	in	the	alveolar	bone	can	be	accomplished	to	rid	it	of	deformities	induced	by	the	periodontal	disease	process	or	other	related	factors	such	as	exostosis	and	tooth	supraeruption.	Osseous	surgery	can	be
either	additive	or	subtractive	in	nature.	Additive	or	regenerative	osseous	surgery	includes	procedures	directed	at	restoring	the	alveolar	bone	to	its	original	level,	whereas	resective	or	subtractive	osseous	surgery	is	designed	to	restore	the	form	of	preexisting	alveolar	bone	to	the	level	present	at	the	time	of	surgery	or	slightly	more	apical	to	this	level
(Fig.	4	7	.1)	Additive	osseous	surgery	brings	about	the	ideal	results	of	periodontal	therapy.	It	implies	regeneration	of	lost	bone	and	reestablishment	of	the	periodontal	ligament,	gingival	fibers,	and	junctional	epithelium	at	a	more	coronal	level.	This	type	of	osseous	surgery	is	discussed	in	Chapter	48.	Resective	osseous	surgery	procedures	provide	an
alternative	to	additive	methods	and	should	be	used	when	additive	procedures	are	not	feasible.	These	subtractive	procedures	are	discussed	in	this	chapter.	Normal	Alveolar	Bone	Morphology	Knowledge	of	the	morphology	of	the	bony	periodontium	in	a	state	of	health	is	required	to	perform	resective	osseous	surgery	correctly.	The	characteristics	of	a
normal	bony	form	are	as	follows:	The	interproximal	bone	is	more	coronal	in	position	than	the	labial	or	lingual/palatal	bone	and	pyramidal	in	form.	The	form	of	the	interdental	bone	is	a	function	of	the	tooth	form	and	the	embrasure	width.	The	more	tapered	the	tooth,	the	more	pyramidal	is	the	bony	form.	The	wider	the	embrasure,	the	more	flattened	is
the	interdental	bone	mesiodistally	and	buccolingually.	The	position	of	the	bony	margin	mimics	the	contours	of	the	cementoenamel	junction.	The	distance	from	the	facial	bony	margin	of	the	tooth	to	the	interproximal	bony	crest	is	more	flat	in	the	posterior	than	the	anterior	areas.	This	"scalloping"	of	the	bone	on	the	facial	surfaces	and	lingual/palatal
surfaces	is	related	to	tooth	and	root	form,	as	well	as	tooth	position	within	the	alveolus.	Teeth	with	prominent	roots	or	those	displaced	to	the	facial	or	lingual	side	may	also	have	fenestrations	or	dehiscences.	The	molar	teeth	have	less	scalloping	and	a	more	flat	profile	than	bicuspids	and	incisors.	Although	these	general	observations	apply	to	all	patients,
the	bony	architecture	may	vary	from	patient	to	patient	in	the	extent	of	contour,	configuration,	and	thickness.	These	variations	may	be	both	normal	and	healthy.	Terminology	Numerous	terms	have	been	developed	to	describe	the	topography	of	the	alveolar	housing,	the	procedure	for	its	removal,	and	the	resulting	correction.	Procedures	used	to	correct
osseous	defects	have	been	classified	into	two:	osteoplasty	and	ostectomy.	Osteoplasty	refers	to	reshaping	the	bone	without	removing	tooth-supporting	535	536	PART	2	Clinical	Periodontics	(A)	I	I	(B)	(C)	FIGURE	47.1	Additive	and	subtractive	osseous	surgery.	A,	Before,	and,	B,	immediately	after	subtractive	osseous	surgery;	the	osseous	wall	of	the	two
adjoining	infrabony	pockets	has	been	removed.	C,	Before,	and,	D,	1	year	after	additive	osseous	surgery;	the	area	has	been	flapped	and	thoroughly	instrumented,	resulting	in	reconstruction	of	the	interdental	and	periapical	bone.	(Courtesy	Ors.	E.A.	Albano	and	8.0.	Barletta,	FIGURE	47.2	Diagram	of	types	of	bony	architecture.	A,	Positive	bony
architecture.	B,	Flat	bony	architecture.	C,	Reversed,	or	negative,	bony	form.	Buenos	Aires,	Argentina.)	bone.	Ostectomy,	or	osteoectomy,	includes	the	removal	of	toothsupporting	bone.	One	or	both	of	these	procedures	may	be	necessary	to	produce	the	desired	result.	Terms	that	describe	the	bone	form	after	reshaping	can	refer	to	morphologic	features
or	to	the	thoroughness	of	the	reshaping	performed.	Examples	of	morphologically	descriptive	terms	include	negative,	positive,jlat,	and	ideal.	These	terms	relate	to	a	preconceived	standard	of	ideal	osseous	form.	Positive	architecture	and	negative	architecture	refer	to	the	relative	position	of	interdental	bone	to	radicular	bone	(Fig.	4	7.2).	The
architecture	is	"positive"	if	the	radicular	bone	is	apical	to	the	interdental	bone.	The	bone	has	"negative"	architecture	if	the	interdental	bone	is	more	apical	than	the	radicular	bone.	Flat	architecture	is	the	reduction	of	the	interdental	bone	to	the	same	height	as	the	radicular	bone.	Osseous	form	is	considered	to	be	"ideal"	when	the	bone	is	consistently
more	coronal	on	the	interproximal	surfaces	than	on	the	facial	and	lingual	surfaces.	The	ideal	form	of	the	marginal	bone	has	similar	interdental	height,	with	gradual,	curved	slopes	between	interdental	peaks	(Fig.	47.3).	Terms	that	relate	to	the	thoroughness	of	the	osseous	reshaping	techniques	include	"definitive"	and	"compromise."	Definitive	osseous
reshaping	implies	that	further	osseous	reshaping	would	not	improve	the	overall	result.	Compromise	osseous	reshaping	indicates	a	bone	pattern	that	cannot	be	improved	without	significant	osseous	removal	that	would	be	detrimental	to	the	overall	result.	FIGURE	47.3	Skull	photograph	of	healthy	periodontium.	Note	the	shape	of	the	alveolar	bone
housing.	This	bone	is	considered	to	have	ideal	form.	It	is	more	coronal	in	the	interproximal	areas,	with	a	gradual	slope	around	and	away	from	the	tooth.	Selection	of	Treatment	Technique	The	morphology	of	the	osseous	defect	largely	determines	the	treatment	technique	to	be	used.	One-wall	angular	defects	usually	need	to	be	recontoured	surgically.
Three-wall	defects,	particularly	if	they	are	narrow	and	deep,	can	be	successfully	treated	with	techniques	that	strive	for	new	attachment	and	bone	reconstruction.	Two-wall	angular	defects	can	be	treated	with	either	method,	depending	on	their	depth,	width,	and	general	configuration.	Therefore,	except	for	one-wall	defects	and	wide,	shallow	two-wall
defects,	and	interdental	craters,	47	Resective	Osseous	Surgery	537	osseous	defects	are	treated	with	the	objective	of	obtaining	optimal	repair	by	natural	healing	processes.	Rationale	Resective	osseous	surgery	provides	the	surest	method	of	reducing	pockets	and	is	based	on	the	tenet	that	discrepancies	in	level	and	shapes	of	the	bone	and	gingiva
predispose	patients	to	recurrence	of	pocket	depth	postsurgically.	Its	goal	is	to	reshape	the	marginal	bone	to	resemble	that	of	the	alveolar	process	undamaged	by	periodontal	disease.	The	technique	is	performed	in	combination	with	apically	positioned	flaps	and	the	procedure	eliminates	periodontal	pocket	depth	and	improves	tissue	contour	to	provide	a
more	easily	maintainable	environment.	The	conversion	of	the	periodontal	pocket	to	shallow	gingival	sulcus	enhances	the	patient's	ability	to	remove	plaque	and	oral	debris	from	the	dentition.	However	this	concept	has	been	questioned	in	the	last	two	decades	as	periodontal	disease	pathogenesis	is	very	complex	and	does	not	solely	depend	upon	ideal
bone	form.	Hence	unless	the	defects	are	extreme	as	to	influence	the	periodontal	status	markedly	it	is	better	to	leave	them	as	they	are	if	additive/regenerative	techniques	cannot	be	employed.	Its	value	as	a	surgical	approach	is	limited	by	the	presence,	quantity,	and	shape	of	the	bony	tissues	and	by	the	amount	of	attachment	loss	that	is	acceptable.
Although	this	concept	is	not	universally	accepted	and	the	procedure	induces	loss	of	radicular	bone	in	the	healing	phase,	recontouring	of	bone	is	the	only	logical	treatment	of	choice	in	some	cases.	Likewise,	the	ability	of	dental	professionals	to	maintain	the	periodontium	in	a	state	free	of	gingivitis	and	periodontitis	is	more	predictable	in	the	presence	of
shallow	sulci.	The	more	effective	the	periodontal	maintenance	therapy,	the	greater	is	the	longitudinal	stability	of	the	surgical	result.	The	efficacy	of	osseous	surgery	therefore	depends	on	its	ability	to	reduce	pocket	depth	and	to	promote	periodontal	maintenance.	Indications	Resective	osseous	surgery	is	indicated	in	the	following	situations:	1.	2.	3.	4.	5.
6.	7.	8.	Inconsistent	bone	margins	Reverse	architecture	One-wall	defects	Buttressing	bone	formation	Ledges	and	plateau	Shallow	craters	Furcation	defects	Crown	lengthening	for	restorative	dentistry	Contraindications	1.	2.	3.	4.	Extensive	bone	loss	High	caries	activity	Existing	mobility	Esthetic	zones	Advantages	1.	Predictability	2.	Complete
elimination	of	periodontal	pockets	3.	Obtaining	ideal	bone	form	Disadvantages	1.	Loss	of	valuable	supporting	bone	(A)	(8)	(C)	(D)	(E)	(F)'	I	FIGURE	47.4	Effect	of	correction	of	craters.	A	and	B,	Diagram	of	facial	and	interproximal	bony	contours	after	flap	reflection.	Note	the	loss	of	some	interproximal	bone	and	cratering.	C	and	D,	Line	angles;	this	is
only	osteoplasty	and	has	resulted	in	a	reversed	architecture.	E	and	F,	Ostectomy	on	the	facial	and	lingual	bone	and	the	removal	of	the	residual	widow's	peaks	to	produce	a	positive	bony	architecture.	2.	Gingival	recession	and	its	sequelae	3.	Often	lengthy	unpleasant	postsurgical	recovery	4.	Postsurgical	mobility	Factors	in	Selection	of	Resective
Osseous	Surgery	1.	Depth	and	configuration	of	bony	lesion	to	root	morphology	and	the	adjacent	teeth	(Fig.	474).	2.	Amount	of	bone	that	requires	removal.	3.	The	extent	of	attachment	loss.	4.	The	number	of	remaining	walls	of	bony	defect.	5.	The	amount	of	soft	tissue	present	interproximally.	Examination	and	Treatment	Planning	In	addition	to	the
routine	clinical	and	radiographic	examination	described	earlier	(Chapter	26),	the	following	factors	should	be	assessed:	1.	The	type	of	bone	loss	and	its	configuration	by	sounding	or	transgingival	probing	under	local	anesthesia.	2.	Evaluation	of	the	esthetics.	3.	Restorative/prosthodontic	considerations.	4.	Prognosis	of	the	overall	dentition.	5.	The	type	of
periodontitis.	6.	Response	to	phase	1	therapy.	Treatment	planning	should	provide	solutions	for	active	periodontal	diseases	and	correction	of	deformities	that	result	from	periodontitis.	Planning	should	also	facilitate	the	performance	of	other	dental	procedures	included	in	a	comprehensive	dental	treatment	plan.	The	extent	of	periodontal	538	PART	2
Clinical	Periodontics	FIGURE	47.5	Reduction	of	bony	ledges	and	exposure	of	caries	by	osteoplasty.	A,	Buccal	preoperative	photograph	showing	two	crowns,	exostoses,	and	caries.	B,	Flap	reflected	to	reveal	caries	on	both	molars	at	the	restoration	margins,	interdental	cratering,	and	a	facial	exostosis.	C,	After	osseous	surgery;	the	bulk	of	the	bony
removal	was	by	osteoplasty,	with	minor	ostectomy	between	the	two	molars.	The	caries	is	now	exposed,	and	the	crowns	are	lengthened	for	restoration.	D,	Postoperative	photograph	at	6	weeks.	The	plaque	control	is	deficient,	but	the	teeth	should	be	readily	restorable	at	this	time.	(Courtesy	Dr.	Joseph	Schwartz,	Portland,	OR.)	involvement	can	vary
significantly	from	tooth	to	tooth	in	the	same	patient.	The	response	to	therapy	from	patient	to	patient	may	also	vary,	as	may	the	treatment	objectives	for	the	patients.	Therefore	a	treatment	plan	may	encompass	a	number	of	steps	and	combinations	of	procedures	in	the	same	surgical	area.	After	oral	hygiene	instruction,	scaling	and	root	planing,	and
other	disease	control	procedures,	the	response	of	the	patient	to	these	treatment	procedures	is	evaluated	by	reexamination	and	recording	the	changes	in	the	periodontium.	Since	the	extent	of	periodontal	involvement	can	vary	significantly	from	tooth	to	tooth	in	the	same	patient,	the	local	response	to	therapy	is	also	variable.	The	resolution	of
inflammation	and	decrease	in	edema	and	swelling	may	have	resulted	in	a	return	to	normal	depth	and	configuration	of	some	pockets,	and	additional	therapy	beyond	periodic	maintenance	may	not	be	required.	However,	notwithstanding	conscientious	efforts	during	phase	1	therapy,	some	probing	depths	may	still	remain.	Further	nonsurgical	therapy	has
little	effect	on	the	bony	deformities.	In	such	cases	bone	has	to	be	exposed	and	its	topography	altered.	Resective	osseous	surgery	is	also	used	to	facilitate	certain	restorative	and	prosthetic	dental	procedures	(Fig.	4	7.5).	Dental	caries	can	be	exposed	for	restoration;	fractured	roots	of	abutment	teeth	can	be	exposed	for	removal;	and	bony	exostoses	and
ridge	deformities	can	be	altered	in	contour	to	improve	the	performance	of	removable	or	fixed	prostheses.	Severely	decayed	teeth	or	teeth	with	short	anatomic	crowns	can	be	lengthened	by	resection	or	by	a	combination	of	orthodontic	tooth	extrusion	and	osseous	resection.	Such	procedures	allow	the	therapist	to	expose	more	tooth	for	restoration,
prevent	an	invasion	of	the	biologic	width	of	attachment,	and	create	a	periodontal	attachment	of	normal	dimension.	Resection	can	also	provide	a	means	of	producing	optimal	crown	length	for	cosmetic	purposes.	Osseous	Resection	Technique	Instrumentation	A	number	of	hand	and	rotary	instruments	have	been	used	for	osseous	resective	surgery.	Some
excellent	clinicians	use	only	hand	instruments	and	rongeurs,	whereas	others	prefer	a	combination	of	hand	and	rotary	instruments.	Rotary	instruments	are	useful	for	the	osteoplasty,	whereas	hand	instruments	provide	the	most	precise	and	safe	results	for	ostectomy.	Recently	piezoelectric	surgical	techniques	have	also	been	used	with	success	for
osseous	surgical	resection.	Regardless	of	the	type	of	instruments	used,	care	and	precision	are	required	for	each	step	of	the	procedure	to	prevent	excessive	bone	removal	or	root	damage,	both	of	which	are	irreversible.	Fig.	4	7	.6	illustrates	some	of	the	instruments	commonly	used	for	osseous	resection	techniques.	To	address	the	many	clinical
situations,	the	following	sequential	steps	are	suggested	for	resective	osseous	surgery	(Fig.	47.7):	1.	2.	3.	4.	Vertical	grooving	Radicular	blending	Flattening	interproximal	bone	Gradualizing	marginal	bone	Not	all	steps	are	necessary	in	every	case,	but	the	sequencing	of	the	steps	in	the	order	given	is	necessary	to	expedite	the	reshaping	procedure,	as
well	as	to	minimize	the	unnecessary	removal	of	bone.	Fig.	47.8	illustrates	bone	reshaping	in	flap	surgery	for	specific	anatomic	defects.	47	Resective	Osseous	Surgery	(E)	(C)	(D)	.	(F}	(G)	539	FIGURE	47.6	Instruments	often	used	in	osseous	surgery.	A,	Currently,	the	piezoelectric	surgical	instrument	has	been	used	successfully	in	osseous	resective
surgery.	B,	Rongeurs:	Friedman	(top)	and	90-degree	Blumenthal	(bottom).	C,	Carbide	round	burs.	Left	to	right,	Friction	grip,	surgical-length	friction	grip,	and	slow-speed	handpiece.	D,	Diamond	burs.	E,	lnterproximal	files:	Schluger	and	Sugarman.	F,	Back-action	chisels.	G,	Ochsenbein	chisels.	Vertical	Grooving	Vertical	grooving	is	designed	to	reduce
the	thickness	of	the	alveolar	housing	and	to	provide	relative	prominence	to	the	radicular	aspects	of	the	teeth.	It	also	provides	continuity	from	the	interproximal	surface	onto	the	radicular	surface.	It	is	the	first	step	of	the	resective	process	because	it	can	define	the	general	thickness	and	subsequent	form	of	the	alveolar	housing.	This	step	is	usually
performed	with	rotary	instruments,	such	as	round	carbide	burs	or	diamonds.	The	advantages	of	vertical	grooving	are	most	apparent	with	thick	bony	margins,	shallow	crater	formations,	or	other	areas	that	require	maximal	osteoplasty	and	minimal	ostectomy.	Vertical	grooving	is	contraindicated	in	areas	with	close	roots	or	thin	alveolar	housing.
Radicular	Blending	Radicular	blending,	the	second	step	of	the	osseous	reshaping	technique,	is	an	extension	of	vertical	grooving.	Conceptually,	it	is	an	attempt	to	gradualize	the	bone	over	the	entire	540	PART	2	Clinical	Periodontics	(C)	(D)	FIGURE	47.7	A,	Drawing	of	bony	topography	in	moderate	periodontitis	with	interdental	craters.	B,	Vertical
grooving,	the	first	step	in	correction	by	osseous	reshaping.	C,	Radicular	blending	and	flattening	of	interproximal	bone.	D,	Gradualizing	the	marginal	bone.	Note	the	area	of	the	furcation	on	the	first	molar	where	the	bone	is	preserved.	radicular	surface	to	provide	the	best	results	from	vertical	grooving.	This	provides	a	smooth,	blended	surface	for	good
flap	adaptation.	The	indications	are	the	same	as	for	vertical	grooving	(ie,	thick	ledges	of	bone	on	the	radicular	surface,	where	selective	surgical	resection	is	desired).	Naturally,	this	step	is	not	necessary	if	vertical	grooving	is	very	minor	or	if	the	radicular	bone	is	thin	or	fenestrated.	Both	vertical	grooving	and	radicular	blending	are	purely	osteoplastic
techniques	that	do	not	remove	supporting	bone.	In	most	situations,	these	two	procedures	compose	the	bulk	of	resective	osseous	surgery.	Classically,	shallow	crater	formations,	thick	osseous	ledges	of	bone	on	the	radicular	surfaces,	and	Class	I	and	early	Class	II	furcation	involvements	are	treated	almost	entirely	with	these	two	steps.	Flattening
lnterproximal	Bone	Flattening	of	the	interdental	bone	requires	the	removal	of	very	small	amounts	of	supporting	bone	(Fig.	47.9).	It	is	indicated	when	interproximal	bone	levels	vary	horizontally.	By	definition,	most	of	the	indications	for	this	step	are	one-walled	interproximal	defects	or	hemiseptal	defects.	The	omission	of	flattening	in	such	cases	results
in	increased	pocket	depth	on	the	most	apical	side	of	the	bone	loss.	This	step	is	typically	not	necessary	with	interproximal	crater	formations	or	flat	interproximal	defects.	It	is	best	used	in	defects	that	have	a	coronally	placed,	one-walled	edge	of	a	predominantly	threewalled	angular	defect,	and	it	can	be	helpful	in	obtaining	good	flap	closure	and
improved	healing	in	the	three-walled	defect.	The	limitation	of	this	step,	as	with	resective	osseous	surgical	therapy	in	general,	is	in	the	treatment	of	advanced	lesions.	Large	hemiseptal	defects	would	require	removal	of	inordinate	amounts	of	bone	to	provide	a	flattened	architecture,	and	the	procedure	would	be	too	costly	in	terms	of	bony	support.
Compromised	osseous	architecture	is	the	only	logical	solution	(Fig.	47.10).	Gradualizing	Marginal	Bone	The	final	step	in	the	osseous	resection	technique	is	also	an	ostectomy	process.	Bone	removal	is	minimal	but	necessary	to	provide	a	sound,	regular	base	for	the	gingival	tissue	to	follow.	Failure	to	remove	small	bony	discrepancies	on	the	gingival	line
angles	(widow's	peaks)	allows	the	tissue	to	rise	to	a	higher	level	than	the	base	of	the	bone	loss	in	the	interdental	area.	This	may	make	the	process	of	selective	recession	and	subsequent	pocket	reduction	incomplete.	This	step	of	the	procedure	also	requires	gradualization	and	blending	on	the	radicular	surface.	The	two	ostectomy	steps	should	be
performed	with	great	care	so	as	not	to	produce	nicks	or	grooves	on	the	roots.	When	the	radicular	bone	is	thin,	it	is	extremely	easy	to	overdo	this	step,	to	the	detriment	of	the	entire	surgical	effort.	For	this	reason,	various	hand	instruments,	such	as	chisels	and	curettes,	are	preferable	to	rotary	instruments	for	gradualizing	marginal	bone.	Flap
Placement	and	Closure	After	performing	resection,	the	clinician	positions	and	sutures	the	flaps.	Flaps	may	be	replaced	to	their	original	position,	to	cover	the	new	bony	margin,	or	they	may	be	apically	positioned.	Replacing	the	flap	in	areas	that	previously	had	deep	47	Resective	Osseous	Surgery	541	FIGURE	47.8	Bone	contouring	in	flap	surgery.	A-C,
Bone	contouring	in	interdental	craters.	D	and	E,	Bone	contouring	in	exostoses.	F	and	G,	Bone	contouring	in	one-wall	vertical	defect.	pockets	may	result	initially	in	greater	postoperative	pocket	depth,	although	a	selective	recession	may	diminish	the	depth	over	time.	Positioning	the	flap	apically	to	expose	marginal	bone	is	one	method	of	altering	the
width	of	the	gingiva	(denudation).	However,	such	flap	placement	results	in	more	postsurgical	resorption	of	bone	and	patient	discomfort	than	if	the	newly	created	bony	margin	were	covered	by	the	flap.	Positioning	the	flap	to	cover	the	new	margin	minimizes	postoperative	complications	and	results	in	optimal	postsurgical	pocket	depths	(Fig.	47.11).
Suturing	may	be	accomplished	using	a	variety	of	different	suture	materials	and	suture	knots	(see	Chapter	43).	The	sutures	should	be	placed	with	minimal	tension	to	coapt	the	flaps,	prevent	their	separation,	and	maintain	the	position	of	the	flaps.	Sutures	placed	with	excessive	tension	rapidly	pull	through	the	tissues.	542	PART	2	Clinical	Periodontics
Postoperative	Maintenance	FIGURE	47.9	Diagrammatic	representation	of	bone	irregularities	in	periodontal	disease.	The	thick	line	is	the	proposed	correction	of	the	defect.	Note	the	flattening	of	the	interproximal	bone	between	the	molars	and	the	protection	of	the	furcal	bone	on	the	first	molar.	Facial	crest	height	is	reduced	in	both	interproximal	areas



to	the	depth	of	the	defect.	Sutures	may	be	removed	at	various	times	after	placement.	Nonresorbable	sutures	such	as	silk	are	usually	removed	after	1	week	of	healing,	although	some	of	the	newer	synthetic	materials	may	be	left	for	up	to	3	weeks	or	longer	without	adverse	consequences.	Resorbable	sutures	maintain	wound	approximation	for	varying
periods	of	1-3	weeks	or	more,	depending	on	the	type	of	suture	material.	After	suture	removal,	the	surgical	site	is	examined	carefully,	and	any	excessive	granulation	tissue	is	removed	with	a	sharp	curette.	The	patient	is	given	instructions	on	optimal	oral	hygiene.	Supersoft	toothbrushes	with	chlorhexidine	mouthrinse	are	generally	prescribed.	Healing
should	proceed	uneventfully,	with	the	attachment	of	the	flap	to	the	underlying	bone	completed	in	14-21	days.	Maturation	and	remodeling	can	continue	for	up	to	6	months.	It	is	usually	advisable	to	wait	at	least	6	weeks	after	completion	FIGURE	47.10	Compromise	osseous	surgery.	A	and	B,	Preoperative	views	of	the	buccal	and	lingual	surfaces.	C	and	D,
Preoperative	and	postoperative	views	of	the	buccal	osseous	recontouring	of	Class	I	buccal	furcation	defects,	a	moderate	crater	between	the	two	molars,	and	a	deep	3	walled	defect	at	the	mesial	of	the	first	molar.	D,	Buccal	aspects	of	these	lesions	were	corrected	with	osteoplasty	and	a	small	amount	of	ostectomy.	E	and	F,	Preoperative	and
postoperative	views	of	the	lingual	osseous	management.	In	E,	note	the	combination	1-3	walled	defect	between	the	second	bicuspid	and	first	molar,	as	well	as	the	irregular	pattern	of	bone	loss	with	ledging.	F,	These	defects	were	corrected	by	osteoplasty	and	ostectomy,	except	for	the	deep	defect	at	the	mesial	surface	of	the	molar.	This	area	was
resected	until	the	residual	defect	was	of	two	and	three	walls	only	and	left	to	repair.	G	and	H,	Buccal	and	lingual	5-year	postoperative	views	of	tissue	configuration.	Note	the	residual	soft-tissue	defect	between	the	bicuspid	and	first	molar.	47	Resective	Osseous	Surgery	543	FIGURE	47.11	Ostectomy	and	osteoplasty	to	a	positive	contour	with	flap
placement	at	the	newly	created	bony	crest	for	minimal	pocket	depth.	A	and	B,	Buccal	and	lingual	preoperative	views.	C	and	D,	Buccal	preoperative	view	and	postoperative	correction.	Osteoplasty	and	ostectomy	were	used	to	produce	a	positive	contour.	Note	the	osteoplasty	into	the	buccal	furcation	of	the	first	molar.	This	is	about	the	extent	of	craters
that	can	be	corrected	to	a	positive	contour	in	teeth	with	moderate	root	trunk	length.	E	and	F,	Lingual	preoperative	view	and	postoperative	correction.	Osteoplasty	and	ostectomy	were	done	to	produce	a	positive	contour.	Note	the	lingual	ledge,	which	was	reduced.	Such	ledges	are	common	in	this	area.	G	and	H,	Buccal	and	lingual	flaps	sutured	with
continuous	sling	sutures	to	allow	placement	of	the	flaps	to	cover	the	bony	margins.	Ostectomy	and	osteoplasty	performed	to	a	positive	contour,	with	flap	placement	at	the	newly	created	bony	crest	for	minimal	pocket	depth.	Ostectomy	and	osteoplasty	to	a	positive	contour	with	flap	placement	at	the	newly	created	bony	crest	for	minimal	pocket	depth.	I
and	J,	Buccal	and	lingual	postoperative	views	at	1	week.	Soft-tissue	thickness	is	minimal,	and	the	interdental	areas	are	granulating	in	over	the	positive	bony	form.	Minimal	pocket	depth	results	from	such	management.	544	PART	2	Clinical	Periodontics	I	l	I	I	I	I	I	I	I	(A)	I	I	I	I	\	,_,	\	'~'	I	FIGURE	47.12	lnterproximal	craters.	The	shaded	areas	illustrate
different	techniques	for	the	management	of	such	defects.	The	technique	that	reduces	the	least	amount	of	supporting	bone	is	preferable.	of	healing	of	the	last	surgical	area	before	beginning	dental	restorations.	For	those	patients	with	a	major	cosmetic	concern,	it	is	wise	to	wait	as	long	as	possible	to	achieve	a	postoperative	soft	tissue	position	and	a
stable	sulcus.	Specific	Osseous	Reshaping	Situations	The	osseous	corrective	procedure	previously	described	is	classically	applied	to	shallow	craters	with	heavy	faciolingual	ledges	(Fig.	47.12).	The	correction	of	other	osseous	defects	is	also	possible;	however,	careful	case	selection	for	definitive	osseous	surgery	is	extremely	important.	Correction	of
one-walled	hemiseptal	defects	requires	that	the	bone	be	reduced	to	the	level	of	the	most	apical	portion	of	the	defect.	Therefore,	great	care	should	be	taken	to	select	the	appropriate	case.	If	one-walled	defects	occur	next	to	an	edentulous	space,	the	edentulous	ridge	is	reduced	to	the	level	of	the	osseous	defect	(Fig.	4	7	.13).	In	the	absence	of	ledges	or
exostoses,	the	elimination	of	the	bony	lesion	begins	with	reduction	of	the	interdental	walls	of	craters,	the	one-walled	component	of	angular	defects,	moats,	and	grooving	into	sites	of	early	involvement.	The	walls	of	the	crater	may	be	reduced	at	the	expense	of	the	buccal,	lingual,	or	both	(Fig.	4	7	14)	The	reduction	should	be	made	to	remove	the	least
amount	of	alveolar	bone	required	to	(A)	produce	a	satisfactory	form,	(B)	prevent	the	therapeutic	invasion	of	furcations,	and	(	C)	blend	the	contours	with	the	adjacent	teeth.	The	selective	reduction	of	bony	defects	by	"ramping"	the	bone	to	the	palatal	or	lingual	to	avoid	involvement	of	the	furcation	can	be	done	(Fig.	47.15)	In	the	presence	of	heavy
ledges	of	bone,	it	is	usually	wise	to	do	osteoplasty	first	to	eliminate	any	exostoses	or	reduce	the	buccal/lingual	bulk	of	the	bone	(Fig.	47.16).	It	is	a	common	practice	to	incorporate	a	degree	of	vertical	grooving	during	the	reduction	of	bony	ledges,	because	this	facilitates	the	process	of	blending	the	radicular	bone	into	the	interproximal	areas	at	the	next
step.	One-walled	or	hemiseptal	defects	usually	require	the	removal	of	some	bone	from	the	tooth	with	the	greatest	(B)	FIGURE	47.13	Reduction	of	a	one-wall	angular	defect.	A,	Angular	bone	defect	mesial	to	the	tilted	molar.	B,	Defect	reduced	by	"ramping"	angular	bone.	(A)	(B)	(C)	FIGURE	47.14	Diagram	of	crater-reduction	patterns.	A,	Preoperative
bony	form	after	flap	reflection.	B,	Reduction	of	craters	to	the	lingual	wall.	C,	Reduction	of	craters	to	the	facial	wall.	D,	Reduction	of	craters	to	both	the	buccal	and	the	lingual	wall.	coronal	bony	height.	This	removal	of	bone	may	result	in	a	significant	reduction	in	attachment	on	relatively	unaffected	adjacent	teeth	to	eliminate	the	defect.	Hence	the
clinician	should	take	appropriate	decision	based	on	the	correct	Judgement.	47	Resective	Osseous	Surgery	545	FIGURE	47.15	Correction	of	osseous	defects	largely	to	the	palatal	wall.	A	and	B,	Buccal	and	palatal	preoperative	views,	6	weeks	after	completion	of	scaling	and	root	planing.	C	and	D,	Buccal	preoperative	and	postoperative	views.	In	C,	note
the	ledging	on	the	facial	wall	of	molars	and	the	onewall	defects	on	both	molars.	D,	Postoperative	view	shows	the	elimination	of	these	defects	by	osteoplasty	on	the	ledges	and	ostectomy	of	the	one-wall	defects	to	produce	a	positive	buccal	architecture.	E	and	F,	Palatal	preoperative	and	postoperative	views.	In	E,	note	the	pattern	of	bony	loss,	which	is
more	severe	on	the	palatal	wall.	In	addition	to	the	facial	one-wall	defects,	there	is	an	incipient	furcation	defect	at	the	mesial	wall	of	the	first	molar	and	a	Class	II	furcation	at	the	mesial	wall	of	the	second	molar.	F,	Configuration	of	the	defects	was	such	that	ostectomy	was	performed	on	the	palatal	roots	of	both	molars	to	produce	a	compromise
architecture.	G	and	H,	Ten-year	postoperative	views	of	the	buccal	and	palatal	areas	showing	the	pattern	of	soft-tissue	adaptation	to	the	surgically	produced	bony	form.	546	PART	2	Clinical	Periodontics	FIGURE	47.16	Reduction	of	bony	ledges	by	osteoplasty	before	correction	of	interdental	defects.	A,	Buccal	preoperative	view.	B,	Buccal	flap	reflection.
Note	the	buccal	ledge	and	the	Class	II	buccal	furcation.	C,	Buccal	correction	largely	by	osteoplasty	with	minor	ostectomy	over	the	root	prominence	to	produce	a	positive	architecture.	D,	Ten-year	postoperative	view	of	soft-tissue	form.	Minimal	pocket	depth	is	present.	Conclusions	Although	osseous	surgical	techniques	cannot	be	applied	to	every	bony
abnormality	or	topographic	modification,	it	has	been	clearly	demonstrated	that	properly	advocated	they	can	eliminate	and	modify	defects,	as	well	as	gradualize	excessive	bony	ledges,	irregular	alveolar	bone,	early	furcation	involvement,	excessive	bony	exostosis,	and	circumferential	defects.	When	properly	performed,	resective	osseous	surgery
achieves	a	physiologic	architecture	of	marginal	alveolar	bone	conducive	to	gingival	flap	adaptation	with	minimal	probing	depth.	The	advantages	of	this	surgical	modality	include	a	predictable	amount	of	pocket	reduction	that	can	enhance	oral	hygiene	and	periodic	maintenance.	It	also	preserves	the	width	of	the	attached	tissue	while	removing
granulomatous	tissue	and	providing	access	for	debridement	of	the	radicular	surfaces.	In	addition,	the	osseous	resection	technique	permits	recontouring	of	bony	abnormalities,	including	hemiseptal	defects,	tori,	and	ledges.	Its	benefits	also	include	facilitating	restorative	dentistry.	SUGGESTED	READINGS	Carnevale	G,	Kaldahl	WB:	Osseous	Resective
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Techniques	Graft	Materials	and	Procedures	Factors	That	Influence	Therapeutic	Success	Future	Directions	for	Periodontal	Regeneration	Conclusions	Periodontal	diseases	result	in	the	destruction	of	the	attachment	apparatus	to	a	varying	degree.	Although	arrest	of	further	disease	progression	is	the	immediate	goal,	the	ideal	outcome	would	be
regeneration	and	reconstruction	of	the	lost	tissues	(Fig.	48.1).	This	chapter	describes	the	various	methods	to	obtain	periodontal	regeneration	through	the	use	of	the	different	techniques	and	biomaterials.	It	is	presumed	that	the	reader	is	already	acquainted	with	the	definitions	of	terms	such	as	repair,	regeneration,	new	attachment,	etc.	discussed	in
Chapter	29	(Fig.	48.2).	Regeneration	and	Reconstructive	Techniques	These	techniques	may	be	subdivided	as	follows:	1.	Graft-assisted	procedures	using	various	types	of	bone	grafts,	enamel	matrix	derivatives	(EMDs),	and	so	on.	2.	Nongraft-associated	techniques	such	as	guided	tissue	regeneration	(	GTR),	laser-assisted	new	attachment	procedures
(LANAPs),	root	surface	biomodification,	etc.	3.	Advanced	techniques	such	as	use	of	growth	factors,	stem	cells,	and	tissue	engineering.	2.	Allografts	which	are	obtained	from	different	individuals	of	same	species.	3.	Xenografts,	meaning	bone	obtained	from	different	species	usually	bovine	or	porcine	origin.	4.	Alloplasts	which	are	synthetic	graft
materials/bone	substitutes.	Bone	grafts	may	also	be	classified	by	the	mode	of	their	actions	as	under:	1.	Osteogenic	grafts	wherein	the	grafted	tissue	contains	the	cells	necessary	to	form	new	bone.	Only	autografts	have	this	capacity	and	hence	are	considered	as	gold	standard.	2.	Osteoinductive	grafts	which	have	the	capacity	to	convert	the	surrounding
tissue	to	form	osteoblasts	through	the	release	of	bone	morphogenic	proteins.	3.	Osteoconductive	which	is	a	physical	effect	by	which	the	matrix	of	the	graft	forms	a	scaffold	that	favors	outside	cells	and	blood	vessels	to	penetrate	graft	and	form	new	bone.	4.	Osteoneutral	graft	is	that	which	merely	fills	the	bone	defect	without	producing	any	effect	and
often	gets	encapsulated.	Depending	on	the	rate	of	their	bioresorption,	grafts	are	classified	as	follows:	Fast	resorbing	wherein	the	graft	gets	resorbed	within	8-10	weeks	after	placement.	2.	Slow	resorbing	in	which	case	the	grafted	material	stays	for	many	months.	3.	Nonresorbing	are	those	which	do	not	resorb	for	years.	1.	Graft	Materials	and
Procedures	Numerous	bone	grafts	have	been	developed	over	the	last	three	decades	and	wealth	of	data	has	been	generated.	Many	of	them	have	become	obsolete	and	are	of	only	historical	interest.	Classification	of	Bone	Grafts	Based	on	the	origin:	1.	Autografts	where	in	the	bone	is	obtained	from	the	same	individual.	It	is	important	for	the	clinician	to
understand	the	properties	and	origin	of	the	materials	and	the	purpose	for	which	the	graft	material	is	intended	to	be	used.	Also	it	is	the	duty	of	the	clinician	to	explain	to	his/her	patients	the	source	of	the	graft	since	the	latter	may	have	religious	restrictions	as	to	the	type	of	the	graft	material	that	is	been	used	in	their	mouth.	547	548	PART	2	Clinical
Periodontics	{A)	FIGURE	48.1	A,	Deep	three-wall	vertical	osseous	defect	with	measuring	probe	inserted.	B,	Reentry	surgery	9	months	after	treatment	shows	repaired	bone	defect.	C,	Radiographs	before	and	after	treatment	showing	fill	of	angular	osseous	defect;	gutta	percha	points	extend	to	base	of	pocket.	(From	Glickman	I:	Clinical	periodontology,
ed	3,	Philadelphia,	7	964,	Saunders.)	(A)	(8)	FIGURE	48.2	A,	Periodontal	pocket	preoperatively.	B,	Periodontal	pocket	immediately	after	scaling,	root	planing,	and	curettage.	C,	New	attachment.	The	arrow	indicates	the	most	apical	part	of	the	junctional	epithelium.	Note	regeneration	of	bone	and	periodontal	ligament.	D,	Healing	by	long	junctional
epithelium.	Again,	the	arrow	indicates	the	most	apical	part	of	the	junctional	epithelium.	Note	that	the	bone	is	new,	but	the	periodontal	ligament	is	not.	Properties	of	an	Ideal	Bone	Graft	Material	1.	2.	3.	4.	5.	6.	7.	8.	Nontoxic	Nonantigenic	Resistant	to	infection	Predictability	Clinical	feasibility	Easy	adaptability	Readily	and	sufficiently	available	Minimal
operative	and	postoperative	hazards	9.	Adequate	bone	fill	and	promotion	of	new	attachment	including	cementogenesis	10.	Cost	effective	and	acceptable	to	the	patient	Table	48.1	provides	a	list	of	available	periodontal	regeneration	biomaterials.	Regardless	of	the	type	of	graft	material	used	the	basic	principles	of	approach	are	same.	These	include
careful	case	selection	and	a	meticulous	phase-1	therapy	and	establishment	of	optimum	plaque	control.	Trauma	from	occlusion	may	impair	posttreatment	healing	of	the	supporting	periodontal	tissues,	reducing	the	likelihood	of	new	48	Periodontal	Regeneration	and	Reconstructive	Surgery	TABLE	48.1	Graft	Materials	and	Procedures	COMMERCIALLY
AVAILABLE	BIOMATERIALS	FOR	PERIODONTAL	REGENERATION	Autogenous	Bone	Crafts	Biomaterial	Allografts	DFDBA	FDBA	Xenografts	Anorganic	bovine	bone	HA	Alloplasts	Tricalcium	phosphate	Hydroxyapatite	Bioactive	glass	polymers	Hard-tissue	replacement	polymer	Coralline	calcium	carbonate	Polymers	and	collagens	Collagen	Pol
y(lactide-co-po	l	ygl	yco	Ii	de)	Methylcellulose	Hyaluronic	acid	ester	Chitosan	Commercial	Name	Distributed	under	various	name	by	tissue	banks	Distributed	under	various	name	by	tissue	ban	ks	Bio-Oss,	OsteoGraf,	Pep-Gen	P-15	Synthograft	Periograf,	Osteogen,	ProOsteone	PerioGlas,	BioGran	Bioplant	Biocoral	CollaPlug,	CollaCote,	Gelfoam,	Helistat
HY	DFDBA,	demineralized	freeze-dried	bone	allograft;	FDBA,	freeze-dried	bone	allograft;	HA,	hydroxyapatite.	attachment.	Occlusal	adjustment,	if	needed,	is	therefore	indicated.	It	is	also	preferable	to	splint	mobile	teeth	before	bone	graft	placement.	Systemic	antibiotics	are	generally	used	after	reconstructive	periodontal	therapy,	although	definitive
information	on	the	advisability	of	this	measure	is	still	lacking.	549	Bone	from	Intraoral	Sites.	In	1923,	Hegedus	attempted	to	use	bone	grafts	for	the	reconstruction	of	bone	defects	produced	by	periodontal	disease.	The	method	was	revived	by	Nabers	and	O'Leary	in	1965	and	numerous	efforts	have	been	made	since	that	time	to	define	its	indications	and
techniques.	Sources	of	bone	include	bone	from	healing	extraction	wounds,	bone	from	edentulous	ridges,	bone	trephined	from	within	the	jaw	without	damaging	the	roots,	newly	formed	bone	in	wounds	especially	created	for	the	purpose,	bone	removed	from	tuberosity	or	the	ramus,	bone	removed	during	osteoplasty	and	ostectomy	and	the	lingual
surface	of	the	mandible	or	maxilla	at	least	5	mm	from	the	roots.	Osseous	Coagulum.	Robinson	described	a	technique	using	a	mixture	of	bone	dust	and	blood	that	he	termed	"osseous	coagulum."	The	technique	uses	small	particles	ground	from	cortical	bone.	The	advantage	of	the	particle	size	is	that	it	provides	additional	surface	area	for	the	interaction
of	cellular	and	vascular	elements	(Fig.	48.3).	Bone	is	removed	with	a	carbide	bur	#6	or	#8	at	speeds	between	5,000	and	30,000	rpm,	placed	in	a	sterile	dappen	dish	and	used	to	fill	the	defect.	The	obvious	advantage	of	this	technique	is	the	ease	of	obtaining	bone	from	an	area	already	exposed	during	surgery.	The	disadvantages	are	its	relatively	low
predictability	and	the	inability	to	procure	adequate	material	for	large	defects.	Although	notable	success	has	been	reported	by	many	individuals,	studies	documenting	the	efficacy	of	the	technique	are	still	inconclusive.	Bone	Blend.	Some	disadvantages	of	osseous	coagulum	derive	from	the	inability	to	use	aspiration	during	accumulation	of	the	coagulum.
Another	problem	is	the	unknown	quantity	and	quality	of	the	bone	fragments	in	the	collected	material.	To	overcome	these	problems,	the	"bone	blend	technique"	has	been	proposed.	FIGURE	48.3	A,	Osseous	defect	mesial	to	a	second	premolar.	B,	Graft	material	placed	in	dappen	dish	before	transfer	to	the	graft	site.	C,	Material	in	place.	D,	Reentry	6
months	later.	(Courtesy	Dr	E.	Earl	Robinson.)	550	PART	2	Clinical	Periodontics	(D)	(E)	(F)	FIGURE	48.4	A,	November	1973:	radiograph	of	a	patient	immediately	before	placement	of	a	fresh	iliac	autograft.	B,	2	months	later,	bone	repair	is	evident.	Note	the	early	radiolucent	areas	on	the	mesial	aspect	of	the	canine.	C,	After	7	months,	"bone	fill"	is
occurring,	but	obvious	root	resorption	is	present.	D,	April	1975:	root	resorption	is	apparent	on	all	grafted	teeth.	Note	the	obvious	degree	of	fill	of	the	original	bone	defects.	E,	February	1976:	further	involvement.	F,	October	1977:	4	years	later,	root	resorption	has	progressed	into	the	pulp	of	the	lateral	incisor,	causing	a	periosteal-endosteal
complication.	The	bone	blend	technique	uses	an	autoclaved	plastic	capsule	and	pestle.	Bone	is	removed	from	a	predetermined	site,	triturated	in	the	capsule	to	a	workable,	plastic-like	mass	and	packed	into	bony	defects.	Froum	et	al	found	osseous	coagulum-bone	blend	procedures	to	be	at	least	as	effective	as	iliac	autografts	and	open	curettage.
Cancellous	Bone	Marrow	Transplants.	Cancellous	bone	can	be	obtained	from	the	maxillary	tuberosity,	edentulous	areas,	and	healing	sockets.	The	maxillary	tuberosity	frequently	contains	abundant	cancellous	bone,	particularly	if	the	third	molars	are	not	present.	After	a	ridge	incision	is	made	distally	from	the	last	molar,	bone	is	removed	with	a	curved
rongeur.	Care	should	be	taken	not	to	extend	the	incision	too	far	distally	to	avoid	entering	the	mucosal	tissue	of	the	pharyngeal	area.	Also,	the	location	of	the	maxillary	sinus	must	be	analyzed	on	the	radiograph	to	avoid	entering	or	disturbing	it.	Edentulous	ridges	can	be	approached	with	a	flap	and	cancellous	bone	and	marrow	are	removed	with
curettes,	backaction	chisels,	or	trephine.	Extraction	sockets	are	allowed	to	heal	for	8-12	weeks	before	reentering	and	removing	the	newly	formed	bone	from	the	apical	portion,	which	is	used	as	the	donor	material.	Bone	Swaging.	The	bone	swaging	technique	requires	an	edentulous	area	adjacent	to	the	defect,	from	which	the	bone	is	pushed	into	contact
with	the	root	surface	without	fracturing	the	bone	at	its	base.	Bone	swaging	is	technically	difficult	and	its	usefulness	is	limited.	Bone	From	Extraoral	Sites.	In	1923,	Hegedus	also	pioneered	the	use	of	extra	oral	sites	as	a	source	of	bone	for	grafting	into	periodontal	osseous	defects,	using	bone	from	the	tibia.	Schallhorn	and	Hiatt	revived	this	approach	in
the	1960s	using	the	iliac	crest	(Fig.	48.4)	The	use	of	fresh	or	preserved	iliac	cancellous	marrow,	bone	has	been	extensively	investigated.	This	material	has	been	used	by	orthopedic	surgeons	for	years.	Data	from	human	and	animal	studies	support	its	use	and	the	technique	has	proved	successful	in	osseous	defects	with	various	numbers	of	walls.	It	has
also	been	successful	in	furcations	and	even	supracrestally	to	some	extent.	However,	because	of	numerous	problems	associated	with	its	use,	the	technique	is	no	longer	in	use.	Some	of	the	problems	were	postoperative	infection,	bone	exfoliation,	sequestration,	varying	rates	of	healing,	root	resorption,	and	rapid	recurrence	of	the	defect.	Other	problems
increased	patient's	expense	and	difficulty	in	procuring	the	donor	material.	Bone	Allografts	Obtaining	donor	material	for	autograft	purposes	necessitates	inflicting	surgical	trauma	on	another	part	of	the	patient's	body	Obviously,	it	would	be	to	the	patient's	and	therapist's	advantage	if	a	suitable	substitute	could	be	used	for	grafting	purposes	that	would
offer	similar	potential	for	repair	and	not	require	the	additional	surgical	removal	of	donor	material	from	the	patient.	However,	both	allografts	and	xenografts	are	foreign	to	the	patient	and,	therefore,	have	the	potential	to	provoke	an	immune	response.	Attempts	have	been	made	to	suppress	the	antigenic	potential	of	allografts	and	xenografts	by
radiation,	freezing,	and	chemical	treatment.	Bone	allografts	are	commercially	available	from	tissue	banks.	They	are	obtained	from	cortical	bone	within	12	h	of	the	death	of	the	donor,	defatted,	cut	in	pieces,	washed	in	absolute	alcohol,	and	deep-frozen.	48	Periodontal	Regeneration	and	Reconstructive	Surgery	The	material	is	then	demineralized,	ground
and	sieved	to	a	particle	size	of	250-750	µm	and	freeze-dried	before	it	is	vacuum-sealed	in	glass	vials.	Numerous	steps	are	also	taken	to	eliminate	viral	infectivity.	These	include	exclusion	of	donors	from	known	high-risk	groups	and	various	tests	on	the	cadaver	tissues	to	exclude	individuals	with	any	type	of	infection	or	malignant	disease.	The	material	is
then	treated	with	chemical	agents	or	strong	acids	to	inactivate	the	virus,	if	still	present.	The	risk	of	human	immunodeficiency	virus	(HIV)	infection	has	been	calculated	as	1	in	1	to	8	million	and	is	therefore	characterized	as	highly	remote.	Freeze-Dried	Bone	Allograft.	Several	clinical	studies	by	Mellonig,	Bowers,	and	coworkers	reported	bone	fill
exceeding	50%	in	67%	of	the	defects	grafted	with	freeze-dried	bone	allograft	(FDBA)	and	in	78%	of	the	defects	grafted	with	FDBA	plus	autogenous	bone.	FDBA,	however,	is	considered	an	osteoconductive	material,	whereas	demineralized	freeze-dried	bone	allograft	(DFDBA)	is	considered	an	osteoinductive	graft.	Laboratory	studies	have	found	that
DFDBA	has	a	higher	osteogenic	potential	than	FDBA	and	is	therefore	preferred.	However	FDBA	being	slow	resorbing	is	often	used	in	guided	bone	regeneration.	Demineralized	Freeze-Dried	Bone	Allograft.	Experiments	by	Urist	have	established	the	osteogenic	potential	of	DFDBA.	Demineralization	in	cold,	diluted	hydrochloric	acid	exposes	the
components	of	bone	matrix,	which	are	closely	associated	with	collagen	fibrils	and	have	been	termed	bone	morphogenetic	proteins	(BMPs)	Studies	have	provided	strong	evidence	that	DFDBA	in	periodontal	defects	results	in	significant	probing	depth	reduction,	attachment	level	gain,	and	osseous	regeneration.	The	combination	of	DFDBA	and	GTR	has
also	proved	to	be	very	successful.	However,	limitations	of	the	use	of	DFDBA	include	the	possible	although	remote,	potential	of	disease	transfer	from	the	cadaver.	A	bone-inductive	protein	isolated	from	the	extracellular	matrix	of	human	bones,	termed	osteogenin	or	BMP-3,	has	been	tested	in	human	periodontal	defects	and	seems	to	enhance	osseous
regeneration.	Xenografts	Bone	products	from	other	species	have	a	long	history	of	use	in	periodontal	therapy.	However,	many	of	them	are	no	longer	in	use	today.	Calf	bone	(Boplant),	treated	by	detergent	extraction,	sterilized	and	freeze-dried,	has	been	used	for	the	treatment	of	osseous	defects.	Kiel	bone	is	calf	or	ox	bone	denatured	with	20%	hydrogen
peroxide,	dried	with	acetone,	and	sterilized	with	ethylene	oxide.	Anorganic	bone	is	ox	bone	from	which	the	organic	material	has	been	extracted	by	means	of	ethylenediamine.	It	is	then	sterilized	by	autoclaving.	These	materials	have	been	tried	and	discarded	for	various	reasons.	Currently,	an	anorganic,	bovine-derived	bone	marketed	under	the	brand
name	Bio-Oss	(Osteohealth)	has	been	successfully	used	both	for	periodontal	defects	and	in	implant	surgery.	It	is	an	osteoconductive,	porous	bone	mineral	matrix	from	bovine	cancellous	or	cortical	bone.	The	organic	components	of	the	bone	are	removed,	but	the	trabecular	architecture	and	porosity	are	retained.	The	physical	features	permit	clot
stabilization	and	revascularization	to	allow	for	migration	of	osteoblasts,	leading	to	osteogenesis.	Bio-Oss	is	biocompatible	551	with	the	adjacent	tissues,	eliciting	no	systemic	immune	response.	Several	studies	have	reported	successful	bone	regeneration	and	new	attachment	with	Bio-Oss	in	periodontal	defects,	as	well	as	regeneration	around	implants
and	sinus	grafting.	Periodontally,	Bio-Oss	has	been	used	as	a	graft	material	covered	with	a	resorbable	membrane	(	Geistlich	Bio-Gide).	The	membrane	prevents	the	migration	of	fibroblasts	and	connective	tissues	into	the	pores	and	between	the	granules	of	the	graft.	Histologic	studies	of	this	technique	have	shown	significant	osseous	regeneration	and
cementum	formation.	Yukna	et	al	have	used	Bio-Oss	in	combination	with	a	cell-binding	polypeptide	(P-15)	that	is	a	synthetic	analog	of	a	15-amino	acid	sequence	of	type	I	collagen	marketed	as	PepGen	P-15	(Dentsply/CeraMed).	This	combination	seems	to	enhance	the	bone-regenerative	results	of	the	matrix	alone	in	periodontal	defects.	Alloplasts
(Synthetic	Bone	Graft	Materials)	Risk	of	disease	transmission,	however	remote	and	religious	constraints	of	the	patients	regarding	the	source	of	the	grafts,	made	the	researchers	to	look	for	synthetic	bone	replacement	grafts.	Many	materials	such	as	plaster	of	Paris,	ceramics,	polymers,	bioactive	glasses,	coral-derived	materials,	etc.	came	into	the
market.	Many	of	them	disappeared	as	quickly	as	they	were	introduced.	Calcium	Phosphate	Biomaterials	Several	calcium	phosphate	biomaterials	have	been	tested	since	the	mid-1970s	and	are	currently	available	for	clinical	use.	Calcium	phosphate	biomaterials	have	excellent	tissue	compatibility	and	do	not	elicit	any	inflammation	or	foreign	body
response.	These	materials	are	osteoconductive	and,	therefore,	act	as	a	scaffold	for	blood	clots	to	be	retained	to	allow	bone	formation.	Two	types	of	calcium	phosphate	ceramics	have	been	used.	1.	Hydroxyapatite	(HA)	has	a	calcium-to-phosphate	ratio	of	1.67,	similar	to	that	found	in	bone	material.	HA	is	generally	nonbioresorbable.	2.	Tricalcium
phosphate	(TCP),	with	a	calcium-to-phosphate	ratio	of	1.5,	is	otherwise	called	whitlockite.	TCP	is	at	least	partially	bioresorbable.	Case	reports	and	uncontrolled	human	studies	have	shown	that	calcium	phosphate	bioceramic	materials	are	well	tolerated	and	can	result	in	clinical	repair	of	periodontal	lesions.	Several	controlled	studies	were	conducted	on
the	use	of	hydroxyl	apatite	(Periogral)	and	Calcitite.	Clinical	results	were	good,	but	histologically	these	materials	appeared	to	be	encapsulated	by	collagen.	Bioactive	Glass	Bioactive	glass	consists	of	sodium	and	calcium	salts,	phosphates,	and	silicon	dioxide.	For	its	dental	applications,	it	is	used	in	the	form	of	irregular	particles	measuring	90-170	µm
(PerioGlas,	Block	Drug,	Jersey	City,	NJ)	or	300-355	µm	(BioGran,	Ortho	Vita,	Malvern,	PA).	When	this	material	comes	into	contact	with	tissue	fluids,	the	surface	of	the	particles	becomes	coated	with	hydroxycarbonate	apatite,	incorporates	organic	ground	proteins	such	as	chondroitin	sulfate	and	glycosaminoglycans,	and	attracts	osteoblasts	that	rapidly
form	bone.	Coral-Derived	Materials	Two	different	coralline	materials	have	been	used	in	clinical	periodontics:	natural	coral	and	coral-derived	porous	HA.	Both	552	PART	2	Clinical	Periodontics	are	biocompatible,	but	natural	coral	is	resorbed	slowly	(several	months),	whereas	porous	HA	is	not	resorbed	or	takes	years	for	resorption.	Clinical	studies	on
these	materials	showed	pocket	reduction,	attachment	gain	and	bone	level	gain.	Coral-derived	materials	have	also	been	studied	in	conjunction	with	membranes,	with	good	results.	Both	materials	have	demonstrated	microscopic	cementum	and	bone	formation,	but	their	slow	resorbability	or	lack	of	resorption	has	hindered	clinical	success	in	practice.
Tissue	Engineering	With	Biologic	Mediators	In	wound	healing,	the	natural	healing	process	usually	results	in	tissue	scarring	or	repair.	Using	tissue	engineering,	the	wound	healing	process	is	manipulated	so	that	tissue	regeneration	occurs.	This	manipulation	usually	involves	one	or	more	of	the	three	key	elements:	the	signaling	molecules,	scaffold	or
supporting	matrices,	and	cells.	The	use	of	tissue	engineering	for	periodontal	regeneration	and	dental	implant	site	preparation	has	recently	been	reviewed.	Early	clinical	examples	involving	tissue-engineering	principles	include	the	use	of	bone	allografts	and	autologous	platelet-rich	plasma	(PRP).	Investigations	indicated	that	the	success	rates	with
these	materials	were	inconsistent.	With	the	development	of	recombinant	growth	factors	and	morphogens,	and	the	use	of	synthetic	scaffolds,	the	level	of	success	has	improved.	Once	considered	experimental	in	nature,	tissue	engineering	is	now	clinically	applicable	with	two	commercially	available	tissue-engineering	systems	for	periodontal	regeneration
which	involve	the	use	of	EMD	and	platelet-derived	growth	factor-BB	(PDGF-BB)	with	beta-tricalcium	phosphate	(~-TCP).	The	ability	of	BMP	type-I	collagen	sponge	to	enhance	periodontal	regeneration	has	been	studied,	but	the	mixed	results	and	the	concern	for	ankylosis	have	relegated	this	differentiation	factor	to	be	used	primarily	for	implant	site
development.	The	development	of	a	promising	system	using	basic	fibroblast	growth	factor-2	(FGF-2)	is	completing	multicenter	clinical	trials.	Because	tissue-engineering	approaches	are	likely	to	improve	clinical	results,	clinicians	need	to	understand	the	biology	and	clinical	parameters	and	limitations	of	these	techniques.	Enamel	Matrix	Derivatives	for
Periodontal	Regeneration	EMD	has	been	effective	in	the	treatment	of	infrabony	defects.	The	histological	evidence	of	EMD-induced	periodontal	regeneration	has	been	confirmed	in	a	clinical	case	report.	A	mandibular	lateral	incisor	destined	for	orthodontic	extraction	was	treated	with	acid	etching	and	EMD.	After	4	months,	the	tooth	was	extracted	and
examined	histologically.	Regenerated	cementum	covered	73%	of	the	defect	and	regenerated	alveolar	bone	covered	65%.	This	histological	finding	was	later	confirmed	in	other	case	reports,	whereas	new	connective	tissue	attachment	was	reported	in	another	case	series	where	EMD	was	used	in	combination	with	a	bone-derived	xenograft.	EMD	has	been
shown	to	be	safe	for	clinical	use.	Long-term	stability	of	EMD	regenerative	therapy	was	reported	in	a	case	series	that	followed	106	EMD-treated	defects	in	90	patients.	The	data	suggest	radiographic	bone	level,	clinical	attachment	level	(CAL)	gain	and	reduced	pocket	depth	reached	near	maximal	response	after	1	year	and	the	results	remained	stable
over	5	years.	Other	long-term	studies	have	confirmed	these	findings	(Fig.	48.5)	There	have	been	several	studies	comparing	the	use	of	EMD	alone	or	in	conjunction	with	other	regenerative	approaches.	When	EMD	treatment	was	compared	to	GTR	using	bioresorbable	membranes,	the	clinical	results	were	comparable	and	stable	over	as	much	as	a	10-
year	period.	In	a	study	comparing	EMD,	GTR,	EMD	+	GTR	to	open	flap	debridement,	all	three	resulted	in	superior	result	to	open	flap	surgery	with	no	additional	improvement	when	EMD	was	used	in	conjunction	with	GTR.	FIGURE	48.5	A,	Deep	vertical	bone	loss	distal	to	lower	left	central	incisor.	B,	Area	flapped,	root	prepared,	and	defect	filled	with
enamel	matrix	protein	(Emdogain).	C,	Postoperative	photo	6	months	later.	D,	Reentry	surgery	showing	extensive	bone	fill.	(Courtesy	Dr	Marco	Orsini,	Aquila,	Italy.)	48	Periodontal	Regeneration	and	Reconstructive	Surgery	553	FIGURE	48.6	A	sample	case	of	a	patient	treated	in	the	pivotal	trial.	A-C,	The	pretreatment	situation	at	preop,	surgical
debridement,	and	postsurgical	reentry.	D-F,	The	radiographic	appearance	after	12,	24,	and	60	months.	Surgical	reentry	after	12	months	indicates	good	bone	fill	of	the	circumferential	intrabony	defect	(C).	The	clinical	pocket	depth	was	3mm	after	5	years	and	remained	stable.	Recombinant	Human	Platelet-Derived	Growth	Factor	for	Periodontal
Regeneration	Platelet-derived	growth	factor	(PDGF)	is	one	of	the	earliest	growth	factors	studied	for	its	effect	on	wound	healing	because	it	is	a	potent	mitogenic	and	chemotactic	factor	for	mesenchymal	cells	in	cell	culture.	Histological	evidence	of	periodontal	regeneration	was	first	reported	in	experimental	defects	in	beagle	dog.	During	the
development	of	PDGF	for	clinical	use,	recombinant	human	platelet-derived	growth	factor	(rhPDGF)	was	used	in	conjunction	with	allogenic	bone	to	correct	class	II	furcations	and	interproximal	intrabony	defects	on	hopeless	teeth.	Histological	evidence	of	periodontal	regeneration	was	present	with	excellent	furcation	fill.	Recently	a	biomaterial
consisting	of	0.3mg/ml	of	rhPDGF	+	~-TCP	(GEM21S,	Osteohealth,	Shirley,	NY)	was	found	to	significantly	improve	attachment	level	gain,	bone	level,	and	bone	volume	compared	to	~-TCP	alone	after	6	months	in	a	multicenter	clinical	trial.	A	subset	of	these	patients	was	followed	for	24	months	and	a	representative	case	series	were	reported	to	be
stable	with	increases	in	radiographic	bone	fill	compared	to	the	end	results	after	6	months.	A	review	of	these	cases	indicates	the	results	were	stable	after	3	and	5	years.	Another	case	series	suggests	that	rhPDGF	with	FDBA	can	be	combined	to	achieve	excellent	results	in	severe	periodontal	intrabony	defects	(Fig.	48	6).	Nongraft-Associated
Reconstructive	Procedures	The	following	sections	discuss	the	rationale	and	techniques	that	must	be	considered	for	a	successful	outcome	in	achieving	new	attachment	or	periodontal	bone	regeneration	in	response	to	nongraft-associated	reconstructive	surgical	therapy.	Of	these	procedures,	GTR	is	the	main	procedure	used	in	clinical	practice.	Recent
evidences	suggest	that	LANAP	may	also	result	in	new	attachment	and	regeneration	but	further	clinical	trial	are	needed	to	test	its	efficacy	and	parameter	for	success.	Guided	Tissue	Regeneration	GTR	is	used	for	the	prevention	of	epithelial	migration	along	the	cementa!	wall	of	the	pocket	and	maintaining	space	for	clot	stabilization.	Derived	from	the
classic	studies	of	Nyman,	554	PART	2	Clinical	Periodontics	Lindhe,	Karring	and	Gottlow,	this	method	is	based	on	the	assumption	that	periodontal	ligament	and	perivascular	cells	have	the	potential	for	regeneration	of	the	attachment	apparatus	of	the	tooth.	GTR	consists	of	placing	barriers	of	different	types	(membranes)	to	cover	the	bone	and
periodontal	ligament,	thus	temporarily	separating	them	from	the	gingival	epithelium	and	connective	tissue.	Excluding	the	epithelium	and	the	gingival	connective	tissue	from	the	root	surface	during	the	postsurgical	healing	phase	not	only	prevents	epithelial	migration	into	the	wound	but	also	favors	repopulation	of	the	area	by	cells	from	the	periodontal
ligament	and	the	bone.	It	should	be	noted	that	in	the	United	States,	GTR	is	often	performed	with	some	type	of	bone	graft	as	a	scaffolding	agent,	so	it	is	a	combined	therapy.	In	Europe	and	other	parts	of	the	world	where	regulatory	and	religious	constraints	makes	human	graft	materials	unavailable,	so	it	is	performed	as	a	traditional	GTR	procedure	and
may	be	occasionally	used	in	conjunction	with	a	other	graft	materials	as	a	combined	therapy.	Initial	animal	experiments	using	Millipore	filters	and	Teflon	membranes	resulted	in	regeneration	of	cementum	and	alveolar	bone	and	a	functional	periodontal	ligament.	Clinical	case	reports	indicate	that	GTR	results	in	a	gain	in	attachment	level.	Histologic
studies	in	humans	provided	evidence	of	periodontal	reconstruction	in	most	cases,	even	with	horizontal	bone	loss.	The	use	of	polytetrafluoroethylene	(PTFE)	membranes	has	been	tested	in	controlled	clinical	studies	in	mandibular	molar	furcations	and	has	shown	statistically	significant	decreases	in	pocket	depths	and	improvement	in	attachment	levels
after	6	months,	but	bone	level	measurements	have	been	inconclusive.	A	study	on	maxillary	molar	furcations	did	not	result	in	significant	gain	in	attachment	or	bone	levels.	With	the	regenerative	success	associated	with	the	use	of	nonresorbable	membrane,	the	advantage	and	disadvantage	of	this	approach	became	apparent.	Notably,	problems	such	as
membrane	exposure,	which	resulted	in	no	or	limited	regeneration	and	the	need	for	a	secondary	procedure	for	surgical	removal	resulted	in	the	development	of	biodegradable	membranes.	Today	in	clinical	practice,	most	GTR	procedures	use	biodegradable	membranes	while	the	nonresorbable	membranes	are	used	for	implant	site	development.
Nevertheless,	the	historical	research	using	nonresorbable	membranes	and	the	development	of	various	types	of	biodegradable	membranes	is	valuable.	and	the	root	surface	scaled	and	root	planed.	The	ePTFE	membrane	is	trimmed	to	adapt	to	tooth	configuration,	secured	by	ePTFE	sutures	and	the	flap	repositioned.	It	is	interesting	to	note	that,	although
much	of	the	emphasis	in	the	literature	is	on	adapting	the	membrane	to	the	defect,	no	membrane	can	ever	be	perfectly	adapted.	Despite	gaps,	these	membranes	seem	to	work.	After	membrane	placement,	healing	is	allowed	to	proceed	for	4-6	weeks.	Barring	any	membrane	exposure,	a	second	surgery	is	performed	to	remove	the	membrane.	During	this
removal,	the	healing	tissue	appears	reddish	and	granulomatous.	After	membrane	removal,	the	area	should	not	be	probed	for	3	months.	Radiographic	evidence	of	bone	fill	is	usually	present	after	6	months	and	should	continue	over	the	course	of	1	year.	Clinical	studies	have	shown	that	ePTFE	membranes	used	in	GTR	procedures	are	more	effective	than
surgical	debridement	in	correcting	intrabony	defects.	In	intrabony	and	furcation	defects,	there	are	gains	in	CAL	(3-6	mm),	improved	bone	levels	(2.4-4.8	mm),	and	probing	depth	reductions	(3.5-6	mm).	Studies	have	demonstrated	that	these	regenerative	results	can	be	maintained	over	the	course	of	several	years.	The	advent	of	titanium-reinforced
ePTFE	allowed	for	the	formation	of	larger	spaces,	thus	permitting	correction	of	larger	defects.	This	resulted	in	significant	clinical	improvements	using	titanium-reinforced	ePTFE	compared	to	ePTFE.	To	determine	how	regeneration	can	be	enhanced	with	GTR	technique,	the	prolonged	retention	of	ePTFE	membranes	was	evaluated.	After	allowing	the
membrane	to	be	retained	for	4	months,	surgical	re-entry	after	1	year	determined	that	the	mean	bone	fill	of	intrabony	defects	was	95%.	This	suggests	that	prolonged	retention	of	a	barrier	membrane	is	desirable	if	no	tissue	perforation	is	present.	This	is	consistent	with	many	clinical	reports	of	the	improved	bone	quality	associated	with	guided	bone
regeneration	in	implant	site	development.	The	major	problem	with	using	nonresorbable	membranes	is	that	the	membrane	is	exposed	to	the	oral	environment	during	healing.	Upon	exposure,	the	membrane	is	contaminated	and	colonized	by	oral	microflora.	Several	studies	have	shown	that	contamination	of	the	surgical	field	can	result	in	decreased
formation	of	new	attachment.	If	the	membrane	is	exposed,	the	infection	can	be	temporarily	managed	with	topical	application	of	chlorhexidine.	This	may	minimize	the	infection	and	extend	the	time	the	membrane	can	be	retained	in	place.	Nonresorbable	Membranes.	In	classic	animal	and	human	studies	demonstrating	the	efficacy	of	GTR,	cellulose
acetate	filters	were	used.	As	this	technique	became	more	prevalent,	the	first	commercial	membrane	was	produced	from	expanded	polytetrafluoroethylene	(ePTFE).	This	membrane	has	all	the	properties	necessary	for	GTR	barriers	in	that	it	(1)	is	a	cellular	barrier;	(2)	is	biocornpatible;	(3)	provides	space	for	the	healing	tissue;	(	4)	permits	tissue
integration;	and	(5)	is	clinically	manageable.	Much	of	our	current	understanding	of	GTR	is	based	on	studies	using	ePTFE	membranes.	Although	they	are	used	less	frequently	now,	they	are	still	popular	for	guided	bone	regeneration	and	ridge	preservation,	so	it	is	important	to	understand	the	clinical	procedures	for	managing	these	membranes.	The
clinical	effectiveness	of	ePTFE	membranes	is	dependent	on	technique.	Preservation	of	the	keratinized	gingiva	and	a	relatively	thick	overlying	surgical	flap	are	critical	to	avoid	perforation	of	the	flap	by	the	membrane	during	healing.	After	the	surgical	area	has	been	flapped,	the	defect	is	degranulated	Biodegradable	Membranes.	Bioresorbable
membranes	have	replaced	the	routine	use	of	ePTFE	membranes	in	GTR.	There	are	basically	three	types	of	bioresorbable	membranes:	(1)	polyglycoside	synthetic	polymers	(ie,	polylactic	acid,	polylactate/polygalactate	copolymers),	(2)	collagen,	and	(3)	calcium	sulfate.	Polyglycoside	membranes	degrade	as	the	result	of	random	nonenzymatic	cleavage	of
the	polymer,	producing	polylactide	and	polyglycolide,	which	are	converted	to	lactic	acid	and	pyruvate,	respectively,	and	metabolized	by	the	enzymes	of	the	Krebs	cycle.	Porcine	collagen	membranes	are	degraded	by	collagenases	and	subsequently	by	gelatinases	and	peptidase.	There	has	been	resurgence	in	the	use	of	calcium	sulfate	as	a	regeneration
material	because	it	can	be	used	as	a	pavable	resorbable	barrier	when	used	in	combination	with	bone	or	bone	substitutes.	The	calcium	sulfate	is	bioresorbed	through	a	giant	cell	reaction.	Several	features	make	these	bioresorbable	membranes	easier	to	manage	clinically:	(1)	they	are	more	tissue	compatible	than	nonresorbable	membranes;	(2)	the
timing	for	resorption	can	be	regulated	by	the	amount	of	cross-linkage	in	48	Periodontal	Regeneration	and	Reconstructive	Surgery	the	synthetic	polymer	and	collagen	membrane	or	the	amount	of	heat-processed	calcium	sulfate	chips	in	calcium	sulfate	barrier;	and	(3)	a	second	surgical	procedure	is	not	required	to	retrieve	the	nonresorbable	membrane.
A	recent	GTR	study	compared	the	use	of	bioresorbable	membranes	(polylactate/polygalactate	copolymer)	versus	ePTFE	membranes,	with	surgical	debridement	as	a	control.	After	1	year,	significant	gains	in	CAL	were	observed	in	all	three	groups	(Fig.	48.	7)	There	was	no	difference	in	CAL	gain	between	the	two	membrane	groups,	with	both	of	them
gaining	555	2	mm	or	more.	In	both	membrane	groups,	83%	of	the	sites	improved	4	mm	or	more,	which	was	significantly	better	than	the	surgical	debridement	control	group.	These	findings	indicate	that	GTR	procedures	are	equally	effective	using	resorbable	and	nonresorbable	membranes.	This	finding	has	been	confirmed	by	other	investigators.	The
search	for	resorbable	membranes	has	included	trials	and	tests	with	numerous	materials	and	collagens	from	different	species	such	as	bovine	and	porcine.	Cargile	membrane	derived	from	the	cecum	of	an	ox,	polylactic	acid,	Vicryl	FIGURE	48.7	Clinical	photographs	and	radiographs	of	a	CTR	case	using	ePTFE	with	titanium-reinforced	membrane.	A	and
B,	The	osseous	defect	was	along	the	distal	interproximal	area	wrapping	buccally	over	the	furcation.	C	and	D,	To	prevent	the	membrane	from	collapsing	over	the	root	surfaces,	DFDBA	and	adjusting	the	titanium	membrane	provide	a	larger	space	for	regeneration.	E,	After	1	year,	the	radiographic	findings	are	consistent	with	achieving	regeneration	in
this	defect.	(Courtesy	of	Rose	L,	et	al,	editor:	Periodontics:	medicine,	surgery,	and	implants,	Elsevier	Mosby,	2004.)	556	PART	2	Clinical	Periodontics	(polyglactin	910),	synthetic	skin	(Biobrane)	and	freeze-dried	duramater.	Clinical	studies	with	a	mixture	of	copolymers	derived	from	polylactic	acid	and	acetyl	tributyl	citrate	resorbable	membranes
(Guidor	membrane,	no	longer	on	the	market)	and	a	poly-D,L-lactide-co-glycolide	(Resolut	membrane,	also	no	longer	on	the	market)	have	shown	significant	gains	in	clinical	attachment	and	bone	fill.	The	potential	of	using	autogenous	periosteum	as	a	membrane	and	also	to	stimulate	periodontal	regeneration	has	been	explored	in	two	controlled	clinical
studies,	one	of	grade-II	furcation	involvements	in	mandibular	molars	and	another	of	interdental	defects.	The	periosteum	was	obtained	from	the	patient's	palate	by	means	of	a	window	flap.	Both	studies	reported	that	autogenous	periosteal	grafts	can	be	used	in	GTR	and	result	in	significant	gains	in	clinical	attachment	and	osseous	defect	fill.	Laser-
Assisted	New	Attachment	Procedure	The	role	of	laser	in	periodontal	therapy	has	gained	popularity	(see	Chapter	51).	Nevertheless,	the	use	of	neodymium-yttriumaluminum-gamet	(Nd:YAG)	to	perform	surgical	LANAP	has	been	reported	for	the	management	of	chronic	periodontitis	and	can	potentially	result	in	new	attachment	and	periodontal
regeneration.	Many	questions	remain	about	LANAP	that	need	to	be	clarified.	The	first	is	the	exact	mechanism	and	parameter	by	which	healing	by	new	attachment	versus	regeneration	occur	with	LANAP	therapy	Additionally,	a	blinded	split	mouth	study	to	compare	LANAP	protocol	to	other	existing	periodontal	therapies	is	in	progress	and	needs	to	be
completed.	This	along	with	other	randomized	controlled	trials	will	be	needed	for	metaanalysis	to	determine	if	LANAP	is	equivalent	or	superior	to	other	conventional	therapy	As	with	all	periodontal	therapies,	the	long-term	stability	of	the	regeneration	needs	to	be	explored.	Biomodification	of	Root	Surface.	Changes	in	the	tooth	sur-	face	wall	of
periodontal	pockets	(eg,	degenerated	remnants	of	Sharpeys	fibers,	accumulation	of	bacteria	and	their	products,	disintegration	of	cementum	and	dentin)	interfere	with	new	attachment.	Although	these	obstacles	to	new	attachment	can	be	eliminated	by	thorough	root	planing,	the	root	surface	of	the	pocket	can	be	treated	to	improve	its	chances	of
accepting	the	new	attachment	of	gingival	tissues.	Several	substances	have	been	proposed	for	this	purpose	including	citric	acid,	fibronectin,	and	tetracycline.	Citric	Acid.	There	has	been	a	series	of	studies	one	of	which	applied	citric	acid	to	the	roots	to	demineralize	the	surface,	attempting	to	induce	cementogenesis	and	attachment	of	collagen	fibers.
The	following	actions	of	citric	acid	have	been	reported:	1.	Accelerated	healing	and	new	cementum	formation	occur	after	surgical	detachment	of	the	gingival	tissues	and	demineralization	of	the	root	surface	by	means	of	citric	acid.	Topically	applied	citric	acid	on	periodontally	diseased	root	surfaces	has	no	effect	on	nonplaned	roots,	but	after	root
planing,	the	acid	produces	a	4-µm-deep	demineralized	zone	with	exposed	collagen	fiber.	Root	planed,	noncitric	acid	treated	roots	are	left	with	a	surface	smear	layer	of	microcrystalline	debris.	Citric	acid	application	not	only	removes	the	smear	layer,	exposing	the	dentinal	tubules,	but	also	makes	the	tubules	appear	wider	and	with	funnel-shaped
orifices.	2.	Citric	acid	has	also	been	shown	in	vitro	to	eliminate	endotoxins	and	bacteria	from	the	diseased	tooth	surface.	3.	An	early	fibrin	linkage	to	collagen	fibers	exposed	by	the	citric	acid	treatment	prevents	the	epithelium	from	migrating	over	treated	roots.	This	technique	using	citric	acid	has	been	extensively	investigated	in	animals	and	humans.
Studies	in	dogs	have	shown	encouraging	results,	especially	for	the	treatment	of	furcation	lesions,	but	the	results	in	humans	have	been	contradictory.	The	recommended	citric	acid	technique	is	as	follows:	1.	Raise	a	mucoperiosteal	flap	and	thoroughly	instrument	the	root	surface,	removing	calculus	and	underlying	cementum.	2.	Apply	cotton	pledgets
soaked	in	a	saturated	solution	of	citric	acid	(pH	of	10)	for	2-5	min.	3.	Remove	pledgets	and	irrigate	root	surface	profusely	with	water.	4.	Replace	the	flap	and	suture.	The	use	of	citric	acid	has	also	been	recommended	in	conjunction	with	coverage	of	denuded	roots	using	free	gingival	grafts.	Fibronectin.	Fibronectin	is	the	glycoprotein	that	fibroblasts
require	to	attach	to	root	surfaces.	The	addition	of	fibronectin	to	the	root	surface	may	promote	new	attachment.	However,	increasing	fibronectin	above	plasma	levels	produces	no	obvious	advantages.	Adding	fibronectin	and	citric	acid	to	lesions	treated	with	GTR	in	dogs	did	not	improve	the	results.	Tetracycline.	In	vitro	treatment	of	the	dentin	surfaces
with	tetracycline	increases	binding	of	fibronectin,	which	in	tum	stimulates	fibroblast	attachment	and	growth	while	suppressing	epithelial	cell	attachment	and	migration.	Tetracycline	also	removes	an	amorphous	surface	layer	and	exposes	the	dentin	tubules.	In	vivo	studies,	however,	have	not	shown	favorable	results.	A	human	study	showed	a	trend	for
greater	connective	tissue	attachment	after	tetracycline	treatment	of	roots.	Tetracycline	gave	better	results	when	used	alone	than	when	combined	with	fibronectin.	It	has	been	used	as	an	adjunctive	procedure	in	preparation	of	the	root	in	regenerative	procedures	and	is	a	recommended	step	for	use	with	biologic	mediators.	Other	Techniques.	Removal	of
junctional	and	sulcular	epithelium,	intentional	interdental	denudation,	free	gingival	graft	in	the	interproximal	area,	excisional	new	attachment	procedure	(ENAP),	coronally	advanced	flap,	etc.	have	been	tried	in	the	past	to	obtain	periodontal	regeneration	but	with	little	success	and	hence	are	not	in	vogue	today	Combined	Techniques	Periodontal	new
attachment	and	bone	reconstruction	has	been	a	challenge	for	the	clinicians	throughout	the	history	of	periodontal	therapy	To	take	advantage	of	the	different	bone	graft	materials	and	biologic	mediators,	clinicians	have	combined	these	graft	materials	along	with	the	use	of	membranes	in	an	attempt	to	find	a	predictable	technique	to	regenerate	bone	(Fig.
48	8)	Several	clinicians	have	proposed	a	combination	of	the	techniques	previously	described	in	an	attempt	to	enhance	their	results.	A	classic	paper	published	by	Schallhorn	and	McClain	in	1988	described	a	combination	technique	using	graft	material,	root	conditioning	with	citric	acid	and	coverage	with	a	nonresorbable	membrane	(the	only	available
one	at	the	time).	More	recently,	with	the	advent	of	osteopromotive	agents,	such	as	the	EMD	(Emdogain)	and	osteoconductive	bovine-derived	anorganic	bone	(Bio-Oss)	graft	materials,	other	combination	techniques	have	been	advocated.	The	combined	use	of	these	48	Periodontal	Regeneration	and	Reconstructive	Surgery	557	(Al	(C)	FIGURE	48.8
Radiographs	of	a	GTR	case	using	a	nonresorbable	ePTFE	membrane.	A	and	B,	The	mesially	inclined	molar	is	associated	with	a	threewalled	intraosseous	defect.	The	defect	was	filled	with	DFDBA	and	ePTFE	was	used.	Membrane	was	exposed	after	8	weeks	and	removed	2	weeks	later.	C,	Radiographic	"fill"	was	halfway	after	6	months	and	maximum	fill
was	present	after	12	months	with	minimal	probing	depth.	(Courtesy	of	Rose	L,	et	al,	editor:	Periodontics:	medicine,	surgery,	and	implants,	Elsevier	Mosby,	2004,	St	Louis.)	products,	along	with	autogenous	bone	with	resorbable	membrane	coverage,	has	resulted	in	an	increased	percentage	of	cases	with	successful	new	attachment	and	periodontal
reconstruction.	Many	of	these	combination	techniques	were	reviewed	in	the	previous	sections	of	this	chapter.	Whereas	the	use	of	combination	technique	may	be	appealing,	it	is	important	for	clinicians	to	remember	that	these	added	materials	often	escalate	the	cost	of	the	procedure	and	should	be	balanced	with	the	quality	and	the	long-term	stability	of
the	clinical	results.	Factors	That	Influence	Therapeutic	Success	Factors	that	adversely	affect	periodontal	regeneration	were	reviewed	at	the	1996	World	Workshop	in	Periodontics	and	1997	Proceedings	of	the	Second	European	Workshop	on	Periodontology.	A	number	of	factors	have	been	implicated	or	shown	to	adversely	influence	periodontal
regenerative	therapy.	These	include	site	selection	for	reconstructive	therapy,	patient	selection	with	consideration	for	compliance	and	behavior	habits	such	as	smoking	and	surgical	management.	Site	Selection	for	Reconstructive	Therapy	Therapeutic	Selection	The	selection	of	appropriate	therapeutic	approach	is	one	that	is	based	on	accurate
assessment	of	the	periodontal	defect,	one's	past	clinical	experience	and	familiarity	with	the	various	regenerative	and	resective	techniques.	A	clinical	decision	tree	is	provided	to	guide	the	clinician	in	deciding	the	appropriate	situations	(Fig.	48.	9).	As	the	new	therapeutic	approaches	are	developed,	the	clinical	decision	tree	may	need	to	be	modified	to
accommodate	for	these	advances.	Tooth	and	Defect	Selection	Therapeutic	success	is	influenced	by	the	tooth's	importance	in	the	prosthetic	rehabilitation,	its	endodontic	status	and	defect	characteristics.	The	critical	question	to	be	addressed	is	if	the	involved	tooth	is	strategically	important.	If	not,	the	strategic	extraction	may	avoid	potential	technical
difficulty,	postsurgical	complications,	and	expenses.	Strategic	extraction	may	also	improve	access	of	better	patient	oral	hygiene	and	compliance.	Once	a	tooth	is	deemed	essential,	it	is	important	to	assess	its	endodontic	status.	If	the	tooth	is	endodontically	healthy,	regeneration	may	proceed.	If	not,	then	treatment	of	the	endodontic	component	must	be
performed	and	resolution	of	the	endodontic	problem	must	be	ascertained	prior	to	the	regenerative	procedure.	Given	the	expense	for	endodontic	treatment,	periodontal	regenerative	procedures,	crown	buildup	and	the	crown,	strategic	extraction,	and	possible	replacement	with	prosthesis	or	a	dental	implant	should	be	seriously	considered.
Characteristics	of	the	defect,	such	as	the	overall	defect	depth,	width,	and	walls,	can	influence	clinical	outcome	in	response	to	regenerative	surgery.	Studies	have	consistently	shown	that	the	deeper	defect	is	correlated	with	increased	CAL	558	PART	2	Clinical	Periodontics	Assess	periodontal	defect	•	Pocket	depth	•	Attachment	level	•	Furcation
involvement	•	Endodontic	status	•	Radiographic	assessment	of	osseous	architecture	Reevaluate	systemic	issues,	endodontic	status,	and	tooth	morphology	Evaluate	restorative	significance	Regenerate	Nonsurgical	management,	maintenance,	and	monitoring	Pocket	elimination,	maintenance,	and	monitoring	Extract	Extract	and	consider	dental	implant
Nonmaintainable	results	FIGURE	48.9	Pocket	elimination	surgery	Reevaluate	after	12+	months	Maintenance	and	monitoring	Clinical	decision	tree	for	the	management	of	advanced	periodontitis.	and	probing	depth.	One	is	more	likely	to	achieve	improved	regenerative	results	in	narrow	and	circumferential,	three-	or	two-walled	configuration.
Conversely,	horizontal,	one-walled,	and	wide	defects	are	less	amenable	to	regenerative	procedures.	Barring	early	reports	on	the	use	of	iliac	and	autologous	grafts,	current	regenerative	approaches	have	not	been	consistently	successful	in	regenerating	horizontal	and	one-walled	defects.	Patient	Selection	enthusiastic	about	oral	hygiene	and	compliant
with	periodontal	maintenance.	Smoking	Smoking	is	a	behavioral	challenge	that	the	therapist	must	always	assess.	Smoking	not	only	promotes	disease	progression	but	also	results	in	adverse	therapeutic	outcomes.	It	has	been	implicated	as	having	a	detrimental	effect	on	periodontal	wound	healing	following	surgical	procedures	and	to	adversely	influence
periodontal	regeneration.	Poor	Plaque	Control	and	Compliance	Classical	studies	on	of	poor	plaque	control	and	poor	postoperative	recall	compliance	have	indicated	that	much	of	the	therapeutic	gain	from	periodontal	surgery	will	deteriorate.	Similarly,	the	positive	results	from	GTR	regenerative	procedure	have	been	shown	to	deteriorate	with	poor
compliance.	Progressive	deterioration	in	these	patients	has	been	demonstrated	to	possess	a	higher	incidence	of	infection	with	putative	periodontal	pathogens	(P	gingivalis,	P	intermedia,	and	A	actinomycetemcomitans).	Areas	that	are	difficult	to	maintain,	such	as	furcation	and	root	proximity	situations,	have	also	been	shown	to	be	difficult	to	be
maintained.	As	a	result,	risk	for	deterioration	is	higher.	It	is	important	to	remember	that	the	patient	came	in	with	behavioral	and	anatomical	issues,	which	resulted	in	the	periodontal	defect.	After	therapy,	the	hardest	challenge	is	to	continue	to	motivate	patients	to	be	highly	Surgical	Factors.	The	following	principles	play	an	important	role	in	the
success	of	periodontal	regeneration	techniques.	1.	Correct	incisions:	Usually	access	flaps	with	maximum	tissue	conservation	for	optimal	closure	later	are	indicated.	Particular	care	should	be	taken	to	retain	the	entire	interdental	papilla	in	order	to	obtain	close	approximation.	2.	Thorough	debridement:	It	is	important	to	thoroughly	debride	the	area	free
of	diseased	tissue	and	local	irritants.	3.	Decortication:	Often	following	removal	of	granulation	tissue	the	osseous	defects	become	dry.	In	such	situations,	healthy	bleeding	should	be	promoted	by	decortication	using	small	round	burs	with	copious	irrigation.	4.	Presuturing:	It	is	always	preferable	to	place	presutures	so	as	to	prevent	displacement	of	the
graft	material	during	suturing.	48	Periodontal	Regeneration	and	Reconstructive	Surgery	5.	Graft	placement:	The	bony	defects	should	never	be	overfilled.	The	clinician	has	to	be	realistic	as	over	enthusiastic	placement	of	graft	material	results	in	poor	outcome.	6.	Optimal	closure:	Graft	materials	and	membranes	should	be	completely	covered	as
exposure	of	the	same	leads	to	infections	and	consequently	failure.	7.	Periodontal	dressing:	It	is	recommended	that	periodontal	dressings	are	avoided	following	GTR	membrane	placement	as	it	may	result	in	collapse	of	the	membrane	into	the	defect.	8.	Postoperative	care	and	maintenance:	Ideally	the	patients	are	advised	not	to	brush	on	the	grafted
region	for	3-4	weeks.	They	can	instead	be	advised	to	use	chlorhexidine	mouth	rinses.	The	importance	of	optimal	plaque	control	need	not	be	over	emphasized.	Future	Directions	for	Periodontal	Regeneration	In	wound	healing,	the	natural	healing	process	usually	results	in	tissue	scarring	or	repair.	Using	tissue	engineering	(Fig.	48	10),	the	wound
healing	process	is	manipulated	so	that	tissue	regeneration	occurs.	This	manipulation	usually	involves	one	or	more	of	the	three	key	elements:	the	signaling	molecules,	scaffold	or	supporting	matrices,	and	cells.	There	is	an	interplay	among	the	following	factors.	•	BMPs	for	periodontal	and	implant	site	regeneration	•	The	use	of	recombinant	human
fibroblast	growth	factor	2	for	periodontal	regeneration	•	Cell	therapy	•	Gene	therapy	•	•	•	•	•	559	Scaffold	or	supporting	matrice	Allogenic	and	alloplastic	bone-grafting	materials	Collagen	carriers	Calcium	sulfate	Substrate	modification	to	enhance	cell	selection	Wealth	of	information	is	available	some	of	which	are	exciting	and	mind	boggling.	Total
periodontal	reconstruction	may	be	a	reality	in	the	near	future.	Conclusions	Over	the	past	3	decades,	the	periodontal	literature	has	been	filled	with	numerous	reports	related	to	periodontal	regeneration.	This	therapeutic	goal,	although	ideal,	is	difficult	to	achieve.	A	variety	of	graft	materials	and	regenerative	strategies	are	now	available;	however,	they
all	have	limitations.	The	surgical	procedure	can	be	technically	demanding	and	when	success	is	achieved,	the	maintenance	of	positive	results	is	highly	dependent	on	patients'	oral	hygiene	habits	and	compliance	with	periodontal	maintenance.	Despite	all	these	difficulties,	periodontal	regeneration	is	a	clinical	possibility	that	can	be	offered	to	patients.
The	clinician	must	carefully	evaluate	the	various	regenerative	and	reparative	approaches	and	decide	which	technique	may	result	in	the	best	clinical	outcome.	With	the	advent	of	new	regenerative	approaches,	such	as	biological	modifiers	such	as	EMD	and	growth	factors,	one	must	critically	evaluate	how	they	may	improve	our	ability	to	regenerate
periodontal	defects.	Treatment	planning	in	periodontics	also	has	changed	dramatically	in	the	past	decade	because	of	the	acceptance	of	dental	implants	as	a	viable	long-term	option	for	replacing	missing	Tissue	engineering	concept	Signaling	molecules,	eg,	PDGF,	BMP	Time	Regeneration	of	tissue/organs	Appropriate	environment	Cells,	eg,	osteoblasts
fibroblasts	FIGURE	48.10	Scaffolds,	eg,	CaP04,	collagen	Tissue	engineering	is	the	manipulation	of	one	or	more	of	the	three	elements:	signaling	molecules,	scaffolds,	or	cells.	(Courtesy	Dr	Samuel	Lynch.)	560	PART	2	Clinical	Periodontics	teeth.	With	the	increased	predictability	of	implants,	the	question	arises	as	to	when	to	treat	severe	periodontal
defects	with	regenerative	procedures	and	when	to	perform	strategic	extraction	in	preparation	for	implant	placement.	Sometimes	the	best	management	of	a	periodontal	defect	may	be	extraction	in	lieu	of	periodontal	regeneration	or	when	regenerative	efforts	have	been	unsuccessful.	Extraction	would	minimize	further	bone	loss	and	provide	the
maximum	volume	of	bone	at	the	future	implant	healing	site.	This	paradigm	shift	has	complicated	our	views	about	regeneration.	With	dental	implants	as	a	viable	alternative,	we	need	to	redefine	periodontal	prognosis	and	consider	strategic	extraction	more	often.	Conversely,	heroic	regenerative	procedures	would	be	contraindicated.	Periodontal
regeneration	continues	to	be	one	of	the	primary	therapeutic	approaches	toward	the	management	of	periodontal	defects.	Although	evidence	suggests	that	present	regenerative	techniques	can	lead	to	periodontal	regeneration,	the	use	of	GTR,	and	biological	modifiers	can	enhance	these	results.	The	crucial	challenge	for	the	clinician	is	to	critically	assess
whether	a	periodontal	defect	can	be	corrected	with	a	regenerative	approach	or	whether	it	would	be	better	managed	with	osseous	resection	for	the	slight	periodontal	defect	and	with	strategic	extraction	for	the	advanced	diseased	state.	In	this	assessment,	the	clinician	should	attempt	to	differentiate	between	techniques	that	have	been	studied	in	depth
and	with	acceptable	results	and	those	that	are	still	experimental	and	promising.	Research	papers	must	be	critically	evaluated	for	adequacy	of	controls,	selection	of	cases,	methods	of	evaluation,	and	long-term	postoperative	results.	In	addition,	the	clinician	should	remember	that	we	treat	patients	on	the	basis	of	"clinical"	success	and	not	"statistical"
success.	A	resulting	clinical	attachment	gain	of	half	a	millimeter	may	be	a	"statistical"	success,	but	it	is	meaningless	for	the	patients	whom	we	treat	and	manage	over	the	long	term.	SUGGESTED	READINGS	Alger	FA,	Solt	CW,	Vuddahanok	S,	et	al:	The	histologic	evaluation	of	new	attachment	in	periodontally	diseased	human	roots	treated	with
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Therapy	Surgical	Therapy	Prognosis	The	progress	of	inflammatory	periodontal	disease,	if	unabated,	ultimately	results	in	attachment	loss	sufficient	enough	to	affect	the	bifurcation	or	trifurcation	of	multirooted	teeth.	The	furcation	is	an	area	of	complex	anatomic	morphology	that	may	be	difficult	or	impossible	to	debride	by	routine	periodontal
instrumentation.	Routine	homecare	methods	may	not	keep	the	furcation	area	free	of	plaque.	The	presence	of	furcation	involvement	is	one	clinical	finding	that	can	lead	to	a	diagnosis	of	advanced	periodontitis	and	potentially	to	a	less	favorable	prognosis	for	the	affected	tooth	or	teeth.	Furcation	involvement,	therefore,	presents	both	diagnostic	and
therapeutic	dilemmas.	Etiologic	Factors	The	primary	etiologic	factor	in	the	development	of	furcation	defects	is	bacterial	plaque	and	the	inflammatory	consequences	that	result	from	its	long-term	presence.	The	extent	of	attachment	loss	required	to	produce	a	furcation	defect	is	variable	and	related	to	local	anatomic	factors	(eg,	root	trunk	length	and
root	morphology)	and	local	developmental	anomalies	[eg,	cervical	enamel	projections	(CEPs)].	Local	factors	may	affect	the	rate	of	plaque	deposition	or	complicate	the	performance	of	oral-hygiene	procedures,	thereby	contributing	to	the	development	of	periodontitis	and	attachment	loss.	Studies	indicate	that	prevalence	and	severity	of	furcation
involvement	increase	with	age.	Dental	caries	and	pulpal	death	may	also	affect	a	tooth	with	furcation	involvement	or	even	the	area	of	the	furcation.	All	of	these	factors	should	be	considered	during	the	diagnosis,	treatment	planning,	and	therapy	of	the	patient	with	furcation	defects.	Diagnosis	and	Classification	of	Furcation	Defects	A	thorough	clinical
examination	is	the	key	to	diagnosis	and	treatment	planning.	Careful	probing	is	required	to	determine	the	presence	and	extent	of	furcation	involvement,	the	position	of	the	attachment	relative	to	the	furca,	and	the	extent	and	configuration	of	the	furcation	defect.	The	Nabers	probe	may	be	helpful	to	enter	and	measure	difficult-to-access	furcal	areas	(Fig.
49.1).	Transgingival	sounding	may	further	define	the	anatomy	of	the	furcation	defect.	The	goal	of	this	examination	is	to	identify	and	classify	the	extent	of	furcation	involvement	and	to	identify	factors	that	may	have	contributed	to	the	development	of	the	furcation	defect	or	that	could	affect	treatment	outcome.	These	factors	include:	(1)	the	morphology
of	the	affected	tooth,	(2)	the	position	of	the	tooth	relative	to	adjacent	teeth,	(3)	the	local	anatomy	of	the	alveolar	bone,	(	4)	the	configuration	of	any	bony	defects,	and	(5)	the	presence	and	extent	of	other	dental	diseases	(eg,	caries	and	pulpal	necrosis).	The	dimension	of	the	furcation	entrance	is	variable	but	usually	quite	small;	81	%	of	furcations	have
an	orifice	of	1	mm	or	less,	and	58%	are	0.	75	mm	or	less.	The	clinician	should	consider	these	dimensions	and	the	local	anatomy	of	the	furcation	area,	when	selecting	instruments	for	probing.	A	probe	of	small	cross-sectional	dimension	is	required	if	the	clinician	is	to	detect	early	furcation	involvement.	561	562	PART	2	Clinical	Periodontics	(A)	(B)	(C)	(D)
FIGURE	49.3	Different	anatomic	features	that	may	be	important	in	prognosis	and	treatment	of	furcation	involvement.	A,	Widely	separated	roots.	B,	Roots	are	separated	but	close.	C,	Fused	roots	separated	only	in	their	apical	portion.	D,	Presence	of	enamel	projection	that	may	be	conducive	to	early	furcation	involvement.	(B)	FIGURE	49.1	A,	The	Nabers
probe	is	designed	to	probe	into	the	furcation.	B,	The	probe	placed	into	a	Class	II	furcation	of	a	dried	skull.	moderate	root	trunk	length,	or	roots	that	may	be	fused	to	a	point	near	the	apex	(Fig.	49.3).	The	combination	of	root	trunk	length	with	the	number	and	configuration	of	the	roots	affects	the	ease	and	success	of	therapy.	The	shorter	the	root	trunk,
the	less	attachment	needs	to	be	lost	before	the	furcation	is	involved.	Once	the	furcation	is	exposed,	teeth	with	short	root	trunks	may	be	more	accessible	for	maintenance	procedures	and	the	short	root	trunks	may	facilitate	some	surgical	procedures.	Alternatively,	teeth	with	unusually	long	root	trunks	or	fused	roots	may	not	be	appropriate	candidates
for	treatment	once	the	furcation	has	been	affected.	Root	Length	Local	Anatomic	Factors	Clinical	examination	of	the	patient	should	allow	the	therapist	to	identify	not	only	the	furcation	defects	but	also	many	of	the	local	anatomic	factors	that	may	affect	the	result	of	therapy	(prognosis).	Well-made	dental	radiographs,	although	do	not	allow	a	definitive
classification	of	furcation	involvement,	provide	additional	information	vital	for	treatment	planning	(Fig.	49.2).	Important	local	factors	include	anatomic	features	of	the	affected	teeth,	as	described	next.	Root	Trunk	Length	A	key	factor	in	both	the	development	and	the	treatment	of	furcation	involvement	is	the	root	trunk	length.	The	distance	from	the
cementoenamel	junction	to	the	entrance	of	the	furcation	can	vary	extensively.	Teeth	may	have	very	short	root	trunks,	Root	length	is	directly	related	to	the	quantity	of	attachment	supporting	the	tooth.	Teeth	with	long	root	trunks	and	short	roots	may	have	lost	a	majority	of	their	support	by	the	time	that	the	furcation	becomes	affected.	Teeth	with	long
roots	and	short-to-moderate	root	trunk	length	are	more	readily	treated	because	sufficient	attachment	remains	to	meet	functional	demands.	Root	Form	The	mesial	root	of	most	mandibular	first	and	second	molars	and	the	mesiofacial	root	of	the	maxillary	first	molar	are	typically	curved	to	the	distal	side	in	the	apical	third.	In	addition,	the	distal	aspect	of
this	root	is	usually	heavily	fluted.	The	curvature	and	fluting	may	increase	the	potential	for	root	perforation	during	endodontic	therapy	or	complicate	postplacement	during	restoration.	These	anatomic	features	may	also	result	FIGURE	49.2	Different	degrees	of	furcation	involvement	in	radiographs.	A,	Grade	I	furcation	on	the	mandibular	first	molar	and
a	grade	Ill	furcation	on	the	mandibular	second	molar.	The	root	approximation	on	the	second	molar	may	be	sufficient	to	impede	accurate	probing	of	this	defect.	B,	Multiple	furcation	defects	on	a	maxillary	first	molar.	Grade	I	buccal	furcation	involvement	and	grade	II	mesiopalatal	and	distopalatal	furcations	are	present.	Deep	developmental	grooves	on
the	maxillary	second	molar	simulate	furcation	involvement	in	this	molar	with	fused	roots.	C,	Grades	Ill	and	IV	furcations	on	mandibular	molars.	49	Furcation	Involvement	and	Treatment	in	an	increased	incidence	of	vertical	root	fracture.	The	size	of	the	mesial	radicular	pulp	may	result	in	removal	of	most	of	this	portion	of	the	tooth	during	preparation.
lnterradicular	Dimension	The	degree	of	separation	of	the	roots	is	an	important	factor	also	in	treatment	planning.	Closely	approximated	or	fused	roots	can	preclude	adequate	instrumentation	during	scaling,	root	planing,	and	surgery.	Teeth	with	widely	separated	roots	present	more	treatment	options	and	are	more	readily	treated.	Anatomy	of	Furcation
The	anatomy	of	the	furcation	is	complex.	The	presence	of	bifurcational	ridges,	a	concavity	in	the	dome,	and	possible	accessory	canals	complicates	not	only	scaling,	root	planing,	and	surgical	therapy,	but	also	periodontal	maintenance.	Odontoplasty	to	reduce	or	eliminate	these	ridges	may	be	required	during	surgical	therapy	for	an	optimal	result.
Cervical	Enamel	Projections	CEPs	are	reported	to	occur	on	8.6-28.6%	of	molars.	The	prevalence	is	highest	for	mandibular	and	maxillary	second	molars.	The	extent	of	CEPs	was	classified	by	Masters	and	Hoskins	in	1964	(Box	49	1).	Figure	49.4	provides	an	example	of	a	grade	llI	CEP.	These	projections	can	affect	plaque	removal,	can	complicate	scaling
and	root	planing,	and	may	be	a	local	factor	in	the	development	of	gingivitis	and	periodontitis.	CEPs	should	be	removed	to	facilitate	maintenance.	563	Anatomy	of	the	Bony	Lesions	Pattern	of	Attachment	Loss	The	form	of	the	bony	lesions	associated	with	the	furcation	can	vary	significantly.	Horizontal	bone	loss	can	expose	the	furcation	as	thin
facial/lingual	plates	of	bone	that	may	be	totally	lost	during	resorption.	Alternatively,	areas	with	thickened	bony	ledges	may	persist	and	predispose	an	individual	to	the	development	of	furcations	with	deep	vertical	components.	The	pattern	of	bone	loss	on	other	surfaces	of	the	affected	tooth	and	adjacent	teeth	must	also	be	considered	during	treatment
planning.	The	treatment	response	in	deep,	multiwalled	bony	defects	is	different	from	that	in	areas	of	horizontal	bone	loss.	Complex	multiwalled	defects	with	deep,	interradicular	vertical	components	may	be	candidates	for	regenerative	therapies.	Alternatively,	molars	with	advanced	attachment	loss	on	only	one	root	may	be	treated	by	resective
procedures.	Other	Dental	Findings	The	dental	and	periodontal	condition	of	the	adjacent	teeth	must	be	considered	during	treatment	planning	for	furcation	involvement.	The	combination	of	furcation	involvement	and	root	approximation	with	an	adjacent	tooth	represents	the	same	problem	that	exists	in	furcations	without	adequate	root	separation.	Such



a	finding	may	dictate	the	removal	of	the	most	severely	affected	tooth	or	the	removal	of	a	root	or	roots	(Fig.	49	5)	The	presence	of	an	adequate	band	of	gingiva	and	a	moderate	to	deep	vestibule	will	facilitate	the	performance	of	a	surgical	procedure,	if	indicated.	Indices	of	Furcation	Involvement	Grade	/:	The	enamel	projection	extends	from	the
cementoenamel	junction	of	the	tooth	toward	the	furcation	entrance.	Grade	II:	The	enamel	projection	approaches	the	entrance	to	the	furcation.	It	does	not	enter	the	furcation	and	therefore,	no	horizontal	component	is	present.	Grade	Ill:	The	enamel	projection	extends	horizontally	into	the	furcation.	From	Masters	DH,	Hoskins	SW:/	Periodontol	35:49,
1964.	The	extent	and	configuration	of	the	furcation	defect	are	critical	factors	for	both	diagnosis	and	treatment	planning.	This	has	led	to	the	development	of	a	number	of	indices	to	record	furcation	involvement.	These	indices	are	based	on	the	horizontal	measurement	of	attachment	loss	in	the	furcation,	on	a	combination	of	horizontal	and	vertical
measurements,	or	a	combination	of	these	findings	with	the	localized	configuration	FIGURE	49.5	Advanced	bone	loss,	furcation	involvement,	and	root	approximation.	Note	the	buccal	furcation,	which	communicates	with	FIGURE	49.4	Furcation	involvement	by	grade	Ill	CEPs.	the	distal	furcation	of	a	maxillary	first	molar	that	also	displays	advanced
attachment	loss	on	the	distal	root	and	approximation	with	the	mesial	root	of	the	maxillary	second	molar.	The	patient	with	such	teeth	may	benefit	from	root	resection	of	the	distobuccal	root	of	the	first	molar	or	extraction	of	the	molar.	564	PART	2	Clinical	Periodontics	FIGURE	49.6	Glickman	classification	of	furcation	involvement.	A,	Grade	I	furcation
involvement.	Although	a	space	is	visible	at	the	entrance	to	the	furcation,	no	horizontal	component	of	the	furcation	is	evident	on	probing.	B,	Grade	II	furcation	in	a	dried	skull.	Note	both	the	horizontal	and	the	vertical	component	of	this	cul-de-sac.	C,	Grade	Ill	furcations	on	maxillary	molars.	Probing	confirms	that	the	buccal	furcation	connects	with	the
distal	furcation	of	both	these	molars,	yet	the	furcation	is	filled	with	soft	tissue.	D,	Grade	IV	furcation.	The	soft	tissues	have	receded	sufficiently	to	allow	direct	vision	into	the	furcation	of	this	maxillary	molar.	of	the	bony	deformity.	Glickman	classified	furcation	involvement	into	four	grades	(Fig.	49.6):	Grade	I	A	grade	I	furcation	involvement	is	the
incipient	or	early	stage	of	furcation	involvement	(Fig.	49.6A).	The	pocket	is	suprabony	and	primarily	affects	the	soft	tissues.	Early	bone	loss	may	have	occurred	with	an	increase	in	probing	depth	but	radiographic	changes	are	not	usually	found.	through	the	furcation	because	of	interference	with	the	bifurcational	ridges	or	facial/lingual	bony	margins.
However,	if	the	clinician	adds	the	buccal	and	lingual	probing	dimensions	and	obtains	a	cumulative	probing	measurement	that	is	equal	to	or	greater	than	the	buccal/lingual	dimension	of	the	tooth	at	the	furcation	orifice,	the	clinician	must	conclude	that	a	grade	III	furcation	exists	(Fig.	49	6C).	Properly	exposed	and	angled	radiographs	of	early	Class	III
furcations	display	the	defect	as	a	radiolucent	area	in	the	crotch	of	the	tooth.	Grade	IV	Grade	II	A	grade	II	furcation	can	affect	one	or	more	of	the	furcations	of	the	same	tooth.	The	furcation	lesion	is	essentially	a	cul-de-sac	(Fig.	49.6B)	with	a	definite	horizontal	component.	If	multiple	defects	are	present,	they	do	not	communicate	with	each	other
because	a	portion	of	the	alveolar	bone	remains	attached	to	the	tooth.	The	extent	of	the	horizontal	probing	of	the	furcation	determines	whether	the	defect	is	early	or	advanced.	Vertical	bone	loss	may	be	present	and	represents	a	therapeutic	complication.	Radiographs	may	or	may	not	depict	the	furcation	involvement,	particularly	with	maxillary	molars,
because	of	the	radiographic	overlap	of	the	roots.	In	some	views,	however,	the	presence	of	furcation	"arrows"	indicates	possible	furcation	involvement	(see	Chapter	26).	Grade	Ill	In	grade	III	furcations,	the	bone	is	not	attached	to	the	dome	of	the	furcation.	In	early	grade	III	involvement,	the	opening	may	be	filled	with	soft	tissue	and	may	not	be	visible.
The	clinician	may	not	even	be	able	to	pass	a	periodontal	probe	completely	In	grade	IV	furcations,	the	interdental	bone	is	destroyed,	and	the	soft	tissues	have	receded	apically	so	that	the	furcation	opening	is	clinically	visible.	A	tunnel,	therefore,	exists	between	the	roots	of	such	an	affected	tooth.	Thus,	the	periodontal	probe	passes	readily	from	one
aspect	of	the	tooth	to	another	(Fig.	49.6D).	Other	Classification	Indices	Hamp	et	al	modified	a	three-stage	classification	system	by	attaching	a	millimeter	measurement	to	separate	the	extent	of	horizontal	involvement.	Easley,	Drennan,	Tarnow,	and	Fletcher	described	classification	systems	that	consider	both	horizontal	and	vertical	attachment	loss	in
classifying	the	extent	of	furcation	involvement.	The	Tarnow	and	Fletcher	article	utilizes	a	subclassification	that	measures	the	probeable	vertical	depth	from	the	roof	of	the	furca	apically.	The	subclasses	being	proposed	are:	A,	B,	and	C.	"A"	indicates	a	probeable	vertical	depth	of	1-3	mm,	"B"	indicates	4-6	mm,	and	"C"	indicates	>	7	mm	of	probeable
depth	from	the	roof	of	the	furca	apically.	Furcations	would	thus	be	classified	as	IA,	IB,	and	IC;	IIA,	IIB,	and	IIC;	and	IIIA,	IIIB,	and	IIIC.	49	Furcation	Involvement	and	Treatment	Consideration	of	defect	configuration	and	the	vertical	component	of	the	defect	provide	additional	information	that	is	useful	in	planning	therapy.	Treatment	The	objectives	of
furcation	therapy	are	to	(1)	facilitate	maintenance,	(2)	prevent	further	attachment	loss,	and	(3)	obliterate	the	furcation	defects	as	a	periodontal	maintenance	problem.	The	selection	of	therapeutic	mode	varies	with	the	class	of	furcation	involvement,	the	extent	and	configuration	of	bone	loss,	and	other	anatomic	factors.	Therapeutic	Classes	of	Furcation
Defects	Class	I:	Early	Defects	Incipient	or	early	furcation	defects	(Class	I)	are	amenable	to	conservative	periodontal	therapy.	Since	the	pocket	is	suprabony	and	has	not	entered	the	furcation,	oral	hygiene,	scaling,	and	root	planing	are	effective.	Any	thick	overhanging	margins	of	restorations,	facial	grooves,	or	CEPs	should	be	eliminated	by
odontoplasty,	recontouring,	or	replacement.	The	resolution	of	inflammation	and	subsequent	repair	of	the	periodontal	ligament	and	bone	are	usually	sufficient	to	restore	periodontal	health.	Class	II	Once	a	horizontal	component	to	the	furcation	has	developed	(Class	II),	therapy	becomes	more	complicated.	Shallow	horizontal	involvement	without
significant	vertical	bone	loss	usually	responds	favorably	to	localized	flap	procedures	with	odontoplasty,	osteoplasty,	and	ostectomy.	Isolated	deep	Class	II	furcations	may	respond	to	flap	procedures	with	bone	grafts	and	guided	tissue	regeneration	(Fig.	49.	7).	This	reduces	the	dome	of	the	furcation	and	alters	gingival	contours	to	facilitate	the	patient's
plaque	removal.	Classes	11	to	IV:	Advanced	Defects	The	development	of	a	significant	horizontal	component	to	one	or	more	furcations	of	a	multirooted	tooth	(late	Class	II,	Class	III,	or	Class	IV)	or	the	development	of	a	deep	vertical	component	to	the	furca	poses	additional	problems.	Nonsurgical	treatment	is	usually	ineffective	because	the	ability	to
instrument	the	tooth	surfaces	adequately	is	compromised.	Periodontal	surgery,	endodontic	therapy,	and	restoration	of	the	tooth	may	be	required	to	retain	the	tooth.	565	Nonsurgical	Therapy	Oral-Hygiene	Procedures	Furcal	management	is	difficult	at	best.	Therapeutic	modalities	for	the	treatment	and	maintenance	of	furcations	have	long	been	a
dilemma	amongst	periodontists	and	restorative	dentists.	Nonsurgical	therapy	is	a	very	effective	way	of	producing	a	satisfactory	stable	result.	Ideal	results	with	furcations	are	impossible	to	obtain.	Once	furcation	breakdown	has	begun,	there	is	always	a	fairly	compromised	result	clinically	Both	surgical	and	nonsurgical	therapies	have	been	shown	to
work	effectively	over	time.	Nonsurgical	therapy,	a	combination	of	oral-hygiene	instruction,	scaling,	and	root	planing,	has	provided	excellent	results	in	some	patients.	The	earlier	the	furcation	is	detected	and	treated,	the	more	likely	a	good	long-term	result	can	be	obtained.	Nonetheless,	even	advanced	furcation	lesions	can	have	successful	long-term
treatment.	Several	oralhygiene	procedures	have	been	used	over	time.	All	include	access	to	the	furcation.	Obtaining	access	to	the	furcation	requires	a	combination	of	the	awareness	of	the	furcation	by	the	patient	and	an	oral-hygiene	tool	that	facilitates	that	access.	Many	tools,	including	rubber	tips;	periodontal	aids;	toothbrushes,	both	specific	and
general;	and	other	aids	have	been	used	over	time	for	access	to	the	patient	(Fig.	49.8).	Scaling	and	Root	Planing	Nonsurgical	maintenance	by	the	clinician	has	also	improved	over	time	as	instrumentation	has	improved.	In	recent	decades,	instruments	beyond	simple	curettes	have	been	used	to	instrument	the	furcation.	The	frustration	of	instrumentation
of	the	furcation	was	illustrated	beautifully	by	Bower	in	1979	in	his	articles	showing	that	only	58%	of	furcations	could	be	entered	typically	using	curettes.	Subsequently,	other	instrumentation	has	evolved,	including	DeMarco	curettes,	diamond	files,	Quetin	furcation	curettes,	and	Mini	Five	Gracey	Curettes.	See	Chapter	36	for	a	detailed	discussion	on
this	subject.	Svardstrom	and	Wennstrom	illustrated	that	in	the	long	term,	furcations	could	be	maintained	using	nonaggressive	techniques	over	a	10-year	period	in	patients	who	were	participants	in	consistent	maintenance.	Other	studies	also	illustrate	that	maintenance	therapy	is	useful	for	patients	to	facilitate	furcation	cleanliness.	Chemotherapy	has
proven	disappointing.	Ribeiro	et	al	found	that	nonsurgical	therapy	can	effectively	treat	Class	II	furcation	involvements	but	using	FIGURE	49.7	Treatment	of	a	grade	II	furcation	by	osteoplasty	and	odontoplasty.	A,	This	mandibular	first	molar	has	been	treated	endodontically	and	an	area	of	caries	in	the	furcation	repaired.	A	Class	II	furcation	is	present.
B,	Results	of	flap	debridement,	osteoplasty,	and	severe	odontoplasty	5	years	postoperatively.	Note	the	adaptation	of	the	gingiva	into	the	furcation	area.	(Courtesy	Dr	Ronald	Rott,	Sacramento,	CA.)	566	PART	2	Clinical	Periodontics	these	surgical	techniques	have	been	used.	The	immediate	goal	with	these	surgical	approaches	is	to	create	access	for	the
patient	to	maintain	good	hygiene.	Regeneration	FIGURE	49.8	A,	The	utilization	of	a	Perio-Aid	into	the	furcation	for	plaque	removal.	B,	Proxy	brush	is	used	for	plaque	removal	into	the	furcation	lesion.	(Courtesy	Karen	OeYoung,	ROH,	and	Janet	Shigekawa,	ROH.)	povidone-iodine	did	not	provide	additional	benefits	to	subgingival	instrumentation.	The
area	most	critical	in	furcation	management	is	maintaining	a	relatively	plaque-free	status	of	the	furcation.	Attaining	access	is	a	problem	in	this	regard,	but	with	the	previously	mentioned	instruments	and	an	effective	nonsurgical	approach,	much	can	be	accomplished.	The	most	critical	component	of	multirooted-tooth	maintenance	is	always	the
successful	reduction	or	elimination	of	plaque-retention	areas	from	the	furcation	area;	meticulous	oral	hygiene	by	the	patient;	and	an	effective	nonsurgical	therapy	can	play	a	major	role	in	attaining	this	goal.	Surgical	Therapy	Osseous	Resection	Osseous	surgical	therapy	can	be	divided	into	resective	and	regenerative	therapy.	This	also	applies	to	the
furcation	areas	when	surgical	therapy	is	contemplated.	For	many	years,	osteoplasty	and	ostectomy	have	been	used	to	make	the	furcation	areas	cleansable.	In	the	advanced	cases,	techniques	were	used	to	open	the	furcation	into	a	Class	IV	from	a	severe	Class	II	or	III	case.	This	would	allow	easier	hygiene	into	the	furcation	area	for	the	patient.	These
techniques	have	limited	usefulness	today,	but	in	the	compromised	individual	in	whom	teeth	cannot	be	extracted	or	in	whom	conservative	therapy	has	failed,	In	furcal	lesions,	bone	regeneration	is	often	thought	to	be	relatively	futile.	The	periodontal	literature	has	well-documented	therapeutic	efforts	designed	to	induce	new	attachment	and
reconstruction	on	molars	with	furcation	defects.	Many	surgical	procedures	using	a	variety	of	grafting	materials	have	been	tested	on	teeth	with	different	classes	of	furcation	involvement.	Some	investigators	have	reported	clinical	success,	whereas	others	have	suggested	that	the	use	of	these	materials	in	Class	II,	III,	or	IV	furcations	offers	little
advantage	compared	with	surgical	controls.	Furcation	defects	with	deep	two-walled	or	three-walled	components	may	be	suitable	for	reconstruction	procedures.	These	vertical	bony	deformities	respond	favorably	to	a	variety	of	surgical	procedures,	including	debridement	with	or	without	membranes	and	bone	grafts.	Chapter	41	addresses	therapies
designed	to	induce	new	attachment	or	reattachment.	Tsao	et	al	have	shown	that	the	furcation	defect	is	a	graftable	lesion.	They	found	that	lesions	that	were	grafted	had	a	greater	vertical	fill	than	areas	treated	with	open-flap	debridement	alone.	Bowers	et	al	have	shown	that	furcation	bone	grafting	using	various	membranes	can	improve	the	clinical
status	of	these	lesions.	Nonetheless,	bone	grafting	remains	an	elusive	goal	with	variable	results	in	furcation	lesions.	Another	area	of	interest	has	been	barrier-membrane	technology.	Analysis	of	published	studies	demonstrated	a	great	variability	in	the	clinical	outcomes	in	mandibular	grade	II	furcations	treated	with	different	types	of	nonbioabsorbable
and	bioabsorbable	barrier	membranes.	Although	many	barrier-membrane	studies	show	a	slight	clinical	improvement	after	treatment	in	both	maxillary	and	mandibular	furcations,	the	results	are	generally	inconsistent.	Root	Resection	Root	resection	may	be	indicated	in	multirooted	teeth	with	grades	II-IV	furcation	involvements.	Root	resection	may	be
performed	on	vital	teeth	or	endodontically	treated	teeth.	It	is	preferable,	however,	to	have	endodontic	therapy	completed	before	resection	of	a	root(s).	If	this	is	not	possible,	the	pulp	should	be	removed,	the	patency	of	the	canals	determined,	and	the	pulp	chamber	medicated	before	resection.	It	is	distressing	for	both	the	patient	and	the	clinician	to
perform	a	vital	root	resection	and	subsequently	have	an	unfavorable	event	occur,	such	as	perforation,	fracture	of	the	root,	or	an	inability	to	instrument	the	canal.	The	indications	and	contraindications	for	root	resection	were	well	summarized	by	Bassaraba.	In	general,	teeth	planned	for	root	resection	include	the	following	points.	1.	Teeth	that	are
critically	important	to	the	overall	dental	treatment	plan.	Examples	are	teeth	serving	as	abutments	for	fixed	or	removable	restorations	for	which	loss	of	the	tooth	would	result	in	loss	of	the	prosthesis	and	entail	major	prosthetic	retreatment.	2.	Teeth	that	have	sufficient	attachment	remaining	for	function.	Molars	with	advanced	bone	loss	in	the
interproximal	and	interradicular	zones,	unless	the	lesions	have	three	bony	walls,	are	not	candidates	for	root	amputation.	49	Furcation	Involvement	and	Treatment	567	FIGURE	49.9	Resection	of	a	root	with	advanced	bone	loss.	A,	Facial	osseous	contours.	There	is	an	early	grade	II	furcation	on	the	facial	aspect	of	the	mandibular	first	molar	and	a	Class
Ill	furcation	on	the	mandibular	second	molar.	B,	Resection	of	the	mesial	root.	The	mesial	portion	of	the	crown	was	retained	to	prevent	mesial	drift	of	the	distal	root	during	healing.	The	grade	II	furcations	were	treated	by	osteoplasty.	C,	Buccal	flaps	adapted	and	sutured.	D,	Lingual	flaps	adapted	and	sutured.	E,	Three-month	postoperative	view	of	the
buccal	aspect	of	this	resection.	New	restorations	were	subsequently	placed.	F,	Three-month	postoperative	view	of	the	lingual	aspect	of	this	resection.	3.	Teeth	for	which	a	more	predictable	or	cost-effective	method	of	therapy	is	not	available.	Examples	are	teeth	with	furcation	defects	that	have	been	treated	successfully	with	endodontics	but	now
present	with	a	vertical	root	fracture,	advanced	bone	loss,	or	caries	on	the	root.	4.	Teeth	in	patients	with	good	oral	hygiene	and	low	activity	for	caries	are	suitable	for	root	resection.	Patients	unable	or	unwilling	to	perform	good	oral	hygiene	and	preventive	measures	are	not	suitable	candidates	for	root	resection	or	hemisection.	Root-resected	teeth
require	endodontic	treatment	and	usually	cast	restorations.	These	therapies	can	represent	a	sizable	financial	investment	by	the	patient	in	an	effort	to	save	the	tooth.	Alternative	therapies	and	their	impact	on	the	overall	treatment	plan	should	always	be	considered	and	presented	to	the	patient.	Criteria	for	Root	Removal	A	tooth	with	an	isolated
furcation	defect	in	an	otherwise	intact	dental	segment	may	present	few	diagnostic	problems.	However,	the	existence	of	multiple	furcation	defects	of	varying	severity	combined	with	generalized	advanced	periodontitis	can	be	a	challenge	for	treatment	planning.	Careful	diagnosis	usually	allows	the	therapist	to	determine	the	feasibility	of	root	resection
and	the	identification	of	which	root	to	remove	before	surgery	(Fig.	49.9).	Every	attempt	should	be	made	to	determine	this	prior	to	surgical	exposure.	The	following	is	a	guide	to	determine	which	root	should	be	removed.	1.	Remove	the	root(s)	that	will	eliminate	the	furcation	and	allow	the	production	of	a	maintainable	architecture	on	the	remaining
roots.	2.	Remove	the	root	with	the	greatest	amount	of	bone	and	attachment	loss.	Sufficient	periodontal	attachment	must	remain	after	surgery	for	the	tooth	to	withstand	the	functional	demands	placed	on	it	such	as	bridge	abutments	and	in	bruxers.	Teeth	with	uniform	advanced	horizontal	bone	loss	are	not	suitable	for	root	resection.	3.	Remove	the	root
that	best	contributes	to	the	elimination	of	periodontal	problems	on	adjacent	teeth.	For	example,	a	maxillary	first	molar	with	a	Class	llI	buccal-to-distal	furcation	is	adjacent	to	a	maxillary	second	molar	with	a	two-walled	intrabony	defect	between	the	molars	and	an	early	Class	II	furcation	on	the	mesial	furcation	of	the	second	molar.	There	may	or	may
not	be	local	anatomic	factors	affecting	the	teeth.	The	removal	of	the	distobuccal	root	of	the	first	molar	allows	the	elimination	of	the	furcation	and	568	PART	2	Clinical	Periodontics	management	of	the	two-wall	intrabony	lesion	and	also	facilitates	access	for	instrumentation	and	maintenance	of	the	second	molar.	4.	Remove	the	root	with	the	greatest
number	of	anatomic	problems,	such	as	severe	curvature,	developmental	grooves,	root	flutings,	or	accessory	and	multiple	root	canals.	5.	Remove	the	root	that	least	complicates	future	periodontal	maintenance.	Hemisection	Hemisection	is	the	splitting	of	a	two-rooted	tooth	into	two	separate	portions.	This	process	has	been	called	bicuspidization	or
separation	because	it	changes	the	molar	into	two	separate	roots.	Hemisection	is	most	likely	to	be	performed	on	mandibular	molars	with	buccal	and	lingual	Class	II	or	III	furcation	involvements.	As	with	root	resection,	molars	with	advanced	bone	loss	in	the	interproximal	and	interradicular	zones	are	not	good	candidates	for	hemisection.	After	sectioning
of	the	teeth,	one	or	both	roots	can	be	retained.	This	decision	is	based	on	the	extent	and	pattern	of	bony	loss,	root	trunk	and	root	length,	ability	to	eliminate	the	osseous	defect,	and	endodontic	and	restorative	considerations.	The	anatomy	of	the	mesial	roots	of	mandibular	molars	often	leads	to	their	extraction	and	the	retention	of	the	distal	root	to
facilitate	both	endodontic	and	restorative	therapy.	The	interradicular	dimension	between	the	two	roots	of	a	tooth	to	be	hemisected	is	also	important.	Narrow	interradicular	zones	can	complicate	the	surgical	procedure.	The	retention	of	both	molar	roots	can	complicate	the	restoration	of	the	tooth,	since	it	may	be	virtually	impossible	to	finish	margins	or
to	provide	an	adequate	embrasure	between	the	two	roots	for	effective	oral	hygiene	and	maintenance	(Fig.	49	.10).	Therefore,	orthodontic	separation	of	the	roots	is	often	required	to	allow	restoration	with	adequate	embrasure	form	(Fig.	49.11).	The	result	can	be	the	need	for	multiple	procedures	and	extensive	interdisciplinary	therapy.	In	these	patients
the	availability	of	other	treatment	alternatives	should	be	considered,	such	as	guided	tissue/guided	bone	regeneration	or	replacement	by	osseointegrated	dental	implants.	Root	Resection/Hemisection	Procedure	The	most	common	root	resection	involves	the	distobuccal	root	of	the	maxillary	first	molar,	as	diagrammed	in	Fig.	49	.12.	After	appropriate
local	anesthesia,	a	full-thickness	mucoperiosteal	flap	is	elevated.	Root	resection	or	hemisection	of	teeth	with	advanced	attachment	loss	usually	requires	opening	both	facial	and	lingual/palatal	flaps.	Typically,	a	root	cannot	be	resected	without	elevating	a	flap.	The	flap	should	provide	adequate	access	for	visualization	and	instrumentation	and	minimize
surgical	trauma.	After	debridement,	resection	of	the	root	begins	with	the	exposure	of	the	furcation	on	the	root	to	be	removed.	The	removal	of	a	small	amount	of	facial	or	palatal	bone	may	be	required	to	provide	access	for	elevation	and	to	facilitate	root	removal.	A	cut	is	then	directed	from	the	apical	to	the	contact	point	of	the	tooth,	through	the	tooth,
and	to	the	facial	and	distal	orifices	of	the	furcation.	This	cut	is	made	with	a	high-speed,	surgicallength	fissure	or	crosscut	fissure	carbide	bur.	The	placement	of	a	curved	periodontal	probe	into	or	through	the	furcation	aids	in	orienting	the	angle	of	the	resection.	For	hemisection,	a	vertically	oriented	cut	is	made	faciolingually	through	the	buccal	and
lingual	developmental	grooves	of	the	tooth,	through	the	pulp	chamber,	and	through	the	furcation.	If	the	sectioning	cut	passes	through	a	metallic	restoration,	the	metallic	portion	of	the	cut	should	be	made	before	flap	elevation.	This	prevents	contamination	of	the	surgical	field	with	metallic	particles.	If	a	vital	root	resection	is	to	be	performed,	a	more
horizontal	cut	through	the	root	is	advisable.	An	oblique	cut	exposes	a	large	surface	area	of	the	radicular	pulp	and/or	dental	pulp	chamber.	This	can	lead	to	postoperative	pain	and	can	complicate	endodontic	therapy.	A	horizontal	cut,	although	may	complicate	root	removal,	has	fewer	postoperative	complications.	This	root	stump	can	be	removed	by
odontoplasty	after	the	completion	of	endodontic	therapy	or	at	the	time	of	tooth	preparation.	After	sectioning,	the	root	is	elevated	from	its	socket.	Care	should	be	taken	not	to	traumatize	bone	on	the	remaining	roots	or	to	damage	an	adjacent	tooth.	Removal	of	the	root	provides	visibility	to	the	furcation	aspects	of	the	remaining	roots	and	simplifies	the
debridement	of	the	furcation	with	hand,	rotary,	or	ultrasonic	instruments.	If	necessary,	odontoplasty	is	performed	to	remove	portions	of	the	developmental	ridges	and	prepare	a	furcation	that	is	free	of	any	deformity	that	would	enhance	plaque	retention	or	adversely	affect	plaque	removal.	Patients	with	advanced	periodontitis	often	have	root	resection
performed	in	conjunction	with	other	surgical	procedures.	Figure	49.13	provides	an	example	of	combining	root	resection	and	periodontal	osseous	surgery.	The	bony	lesions	that	may	be	present	on	adjacent	teeth	are	then	treated	using	resective	or	regenerative	therapies.	After	resection,	the	flaps	are	then	approximated	to	cover	any	grafted	tissues	or
slightly	cover	the	bony	margins	around	the	tooth.	Sutures	are	then	placed	to	maintain	the	position	of	the	flaps.	The	area	may	or	may	not	be	covered	with	a	surgical	dressing.	FIGURE	49.10	A,	Grade	Ill	furcation	lesion.	B,	Hemisection	to	divide	the	tooth	into	mesial	and	distal	portions.	C,	Postoperative	view	of	a	hemisected	mandibular	with	new	crowns
for	both	roots.	FIGURE	49.11	Hemisection	and	interradicular	dimension.	A,	Buccal	preoperative	view	of	a	mandibular	right	second	molar	with	a	deep	grade	II	buccal	furcation	and	root	approximation.	B,	Buccal	view	of	bony	lesions	with	flaps.	Note	the	mesial	and	distal	one-wall	bony	defects.	The	lingual	furcation	was	similarly	affected.	C,	The	molar
has	been	hemisected	and	partially	prepared	for	temporary	crowns.	Observe	the	minimal	dimension	between	the	two	roots.	D,	Buccal	view	3	weeks	postoperatively.	Because	the	embrasure	space	is	minimal,	these	roots	will	be	separated	with	orthodontic	therapy	to	facilitate	restoration.	(Courtesy	Dr	Louis	Cuccia,	Roseville,	CA.)	FIGURE	49.12
Diagrams	of	distobuccal	root	resection	of	maxillary	first	molar.	A,	Preoperative	bony	contours	with	grade	II	buccal	furcation	and	a	crater	between	the	first	and	second	molar.	B,	Removal	of	bone	from	the	facial	side	of	the	distobuccal	root	and	exposure	of	the	furcation	for	instrumentation.	C,	Oblique	section	that	separates	the	distal	root	from	the	mesial
and	palatal	roots	of	the	molar.	D,	More	horizontal	section	that	may	be	used	on	a	vital	root	amputation	because	it	exposes	less	of	the	pulp	of	the	tooth.	E,	Areas	of	application	of	instruments	to	elevate	the	sectioned	root.	F,	Final	contours	of	the	resection.	FIGURE	49.13	Hemisection	combined	with	osseous	surgery	to	treat	furcation	defects.	A,	Buccal
preoperative	view	with	provisional	bridge.	B,	Lingual	view	with	provisional	bridge	in	place.	C,	Radiograph	of	bony	defects.	Note	the	deep	mesial	bony	defect,	largely	of	one	wall,	and	the	radiolucent	area	in	the	furcation	of	the	first	molar,	indicating	a	grade	II	defect.	D,	Buccal	view	before	osseous	surgery.	In	addition	to	the	furcation	involvement,	a	root
separation	problem	exists	between	the	two	roots	of	the	first	molar.	Class	II	furcations	are	present	on	the	second	molar.	E,	Buccal	view	after	osseous	surgery.	Mesial	root	hemisected	and	removed.	The	other	defects	were	treated	by	osteoplasty	and	ostectomy.	F,	Lingual	preoperative	view.	Note	the	heavy	bony	ledging	at	the	lingual	surface	of	these	first
and	second	molars.	G,	Lingual	postoperative	view.	The	mesial	root	has	been	resected,	the	bony	ledging	recontoured,	and	the	grade	II	furcations	treated	by	osteoplasty.	H,	Buccal	view	10	years	after	treatment.	I,	Lingual	view	10	years	after	treatment.	(Courtesy	Dr	Louis	Cuccia,	Roseville,	CA.)	FIGURE	49.14	Mesial	root	resection	in	the	presence	of
advanced	bone	loss.	A	and	B,	Buccal	and	lingual	preoperative	views.	Note	the	soft-tissue	contours	that	are	predictive	of	the	bony	defects.	C,	Radiograph	of	extent	of	furcation	involvement	of	the	first	and	second	molars.	D	and	E,	Buccal	preoperative	and	postoperative	views.	The	mesial	root	of	the	second	molar	was	resected	and	the	interproximal
craters	treated	by	osteoplasty	and	minor	ostectomy.	F	and	G,	Lingual	preresection	and	postresection	views.	The	heavy	ledges	and	horizontal	bone	loss	on	the	lingual	surface	were	managed	by	osteoplasty.	H	and	I,	Buccal	and	lingual	views	6	weeks	postoperatively.	A	temporary	wire	splint	has	been	bonded	to	the	molars	to	prevent	tipping	of	the	distal
root	of	the	mandibular	second	molar.	(Courtesy	Dr	Louis	Cucci,	Roseville,	CA.)	49	Furcation	Involvement	and	Treatment	571	FIGURE	49.15	A,	Clinical	picture	of	a	Class	Ill	furcation	involvement.	B,	Radiographic	appearance	is	far	more	grave	than	the	clinical	appearance.	C,	After	the	tooth	is	removed,	a	computed	tomography	(CT)	radiograph	is	taken
to	plan	treatment	for	implant	replacement.	D,	The	implant	restored.	(Courtesy	Dr	Sarvenaz	Angha,	Los	Angeles.)	The	removal	of	a	root	alters	the	distribution	of	occlusal	forces	on	the	remaining	roots.	Therefore,	it	is	wise	to	evaluate	the	occlusion	of	teeth,	from	which	roots	have	been	resected	and,	if	necessary,	adjust	the	occlusion.	Centric	holds	should
be	maintained	but	eccentric	forces	should	be	eliminated	from	the	area	over	the	root	that	was	removed.	Patients	with	advanced	attachment	loss	may	benefit	from	temporary	stabilization	of	the	resected	tooth	to	prevent	movement	(Fig.	49	.14	).	Extraction	The	extraction	of	teeth	with	through-and-through	furcation	defects	(	Classes	Ill	and	IV)	and
advanced	attachment	loss	may	be	the	most	appropriate	therapy	for	some	patients.	This	is	particularly	true	for	individuals	who	cannot	or	will	not	perform	adequate	plaque	control,	who	have	a	high	level	of	caries	activity,	who	will	not	commit	to	a	suitable	maintenance	program,	or	who	have	socioeconomic	factors	that	may	preclude	more	complex
therapies.	Some	patients	are	reluctant	to	accept	periodontal	surgery	or	even	allow	the	removal	of	a	tooth	with	advanced	furcation	involvement,	even	though	the	long-term	prognosis	is	poor.	The	patient	may	elect	to	forego	therapy,	opt	to	treat	the	area	with	scaling	and	root	planing	or	site-specific	antibacterial	therapies,	and	delay	extraction	until	the
tooth	becomes	symptomatic.	Although	additional	attachment	loss	may	occur,	such	teeth	may	survive	a	significant	number	of	years.	Dental	Implants	The	advent	of	osseointegrated	dental	implants	as	an	alternative	abutment	source	has	had	a	major	impact	on	the	retention	of	teeth	with	advanced	furcation	problems.	The	high	level	of	predictability	of
osseointegration	may	motivate	the	therapist	and	the	patient	to	consider	removal	of	teeth	with	a	guarded	or	poor	prognosis	and	to	seek	an	implant-supported	prosthetic	treatment	plan.	Therefore,	careful	evaluation	of	the	long-term	periodontal,	endodontic,	and	restorative	prognosis	must	be	considered	before	invasive	surgical	therapy	is	undertaken	to
save	a	tooth	with	an	advanced	furcated	lesion	(Fig.	49	.15).	Prognosis	For	many	years	the	presence	of	significant	furcation	involvement	meant	a	hopeless	long-term	prognosis	for	the	tooth.	Clinical	research,	however,	has	indicated	that	572	PART	2	Clinical	Periodontics	furcation	problems	are	not	as	severe	a	complication	as	originally	suspected	if	one
can	prevent	the	development	of	caries	in	the	furcation.	Relatively	simple	periodontal	therapy	is	sufficient	to	maintain	these	teeth	to	function	for	long	periods.	Other	investigators	have	defined	the	reasons	for	clinical	failure	of	root-resected	or	hemisected	teeth.	Their	data	indicate	that	recurrent	periodontal	disease	is	not	a	major	cause	of	the	failure	of
these	teeth.	Investigations	of	root-resected	or	hemisected	teeth	have	shown	that	such	teeth	can	function	successfully	for	long	periods	The	keys	to	long-term	success	appear	to	be	(1)	thorough	diagnosis,	(2)	selection	of	patients	with	good	oral	hygiene,	(3)	excellence	in	nonsurgical	therapy,	and	(	4)	careful	surgical	and	restorative	management.
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Criteria	for	Selection	of	Techniques	Conclusions	In	the	last	three	decades,	the	scope	and	ambit	of	periodontal	therapy	has	gone	far	beyond	arresting	the	disease	and	eliminating	the	pockets.	Increasing	patient	awareness	has	resulted	in	a	big	demand	for	restoration	and	augmentation	of	esthetics.	Further,	the	periodontist	is	now	an	important	member
of	the	interdisciplinary	team,	which	aims	at	overall	maintenance	of	the	dentition	in	a	state	of	health,	function,	and	esthetic	harmony.	Terminology	The	term	mucogingival	surgery	was	initially	introduced	in	the	literature	by	Friedman	to	describe	surgical	procedures	for	the	correction	of	relationships	between	the	gingiva	and	the	oral	mucous	membrane
with	reference	to	three	specific	problem	areas:	attached	gingiva,	shallow	vestibule,	and	frenum	interfering	with	the	marginal	gingiva.	With	the	advancement	of	periodontal	surgical	techniques,	the	scope	of	nonpocket	surgical	procedures	has	increased,	now	encompassing	a	multitude	of	areas	that	were	not	addressed	in	the	past.	Recognizing	this,	the
1996	World	Workshop	in	Clinical	Periodontics	renamed	mucogingival	surgery	as	"periodontal	plastic	surgery,"	a	term	originally	proposed	by	Miller	in	1993	and	broadened	to	include	the	following	areas:	•	•	•	•	•	•	•	periodontal-prosthetic	corrections	crown	lengthening	socket	preservation	ridge	augmentation	esthetic	surgical	corrections	coverage	of
the	denuded	root	surface	reconstruction	of	papillae	•	esthetic	surgical	correction	around	implants	•	surgical	exposure	of	unerupted	teeth	for	orthodontics	Periodontal	plastic	surgery	is	defined	as	the	surgical	procedures	performed	to	correct	or	eliminate	anatomic,	developmental	or	traumatic	deformities	of	the	gingiva	or	alveolar	mucosa.
Mucogingival	therapy	is	a	broader	term	that	includes	nonsurgical	procedures	such	as	papilla	reconstruction	by	means	of	orthodontic	or	restorative	therapy.	Periodontal	plastic	surgery	includes	only	the	surgical	procedures	of	mucogingival	therapy.	This	chapter	discusses	the	periodontal	plastic	surgical	techniques	included	in	the	traditional	definition
of	mucogingival	surgery	(1)	widening	of	attached	gingiva,	(2)	deepening	of	shallow	vestibules,	and	(3)	resection	of	the	aberrant	frena.	In	addition,	esthetic	surgical	therapy	around	the	natural	dentition	and	tissue	engineering	(biologic	mediator)	are	included	in	this	chapter.	Other	aspects	of	periodontal	plastic	surgery,	such	as	periodontal-prosthetic
surgery,	esthetic	surgery	around	implants,	and	surgical	exposure	of	teeth	for	orthodontic	therapy,	are	covered	in	other	areas	in	this	book.	Objectives	The	five	problems	for	which	periodontal	plastic	surgery	provides	solutions	described	in	this	chapter	are	as	follows:	1.	2.	3.	4.	5.	inadequate	or	lack	of	attached	gingiva	gingival	recession	shallow	vestibule
aberrant	frenum	various	esthetic	deformities	of	the	gingiva.	573	574	PART	2	Clinical	Periodontics	Problems	Associated	with	Attached	Gingiva	One	of	the	goals	of	mucogingival	surgical	procedures	is	the	creation	or	widening	of	attached	gingiva	around	teeth	and	implants.	The	width	of	the	attached	gingiva	varies	in	different	individuals	and	on	different
teeth	of	the	same	individual.	Attached	gingiva	is	not	synonymous	with	"keratinized	gingiva"	because	the	latter	also	includes	the	free	gingival	margin.	The	width	of	the	attached	gingiva	is	determined	by	subtracting	the	depth	of	the	sulcus	or	pocket	from	the	distance	between	the	crest	of	the	gingival	margin	and	the	mucogingival	junction.	The	original
rationale	for	mucogingival	surgery	was	predicated	on	the	assumption	that	a	minimal	width	of	attached	gingiva	was	required	to	maintain	optimal	gingival	health.	However,	several	studies	have	challenged	the	view	that	a	wide,	attached	gingiva	is	more	protective	against	the	accumulation	of	plaque	than	a	narrow	or	a	nonexistent	zone.	No	minimum
width	of	attached	gingiva	has	been	established	as	a	standard	necessary	for	gingival	health.	People	who	practice	good	and	atraumatic	oral	hygiene	may	maintain	excellent	gingival	health	with	almost	no	attached	gingiva.	However,	those	individuals	whose	oral	hygiene	practices	are	less	than	optimal	can	be	helped	by	the	presence	of	keratinized	gingiva
and	vestibular	depth.	Vestibular	depth	provides	space	for	easier	placement	of	the	toothbrush	and	prevents	brushing	on	mucosa!	tissue.	To	improve	esthetics,	the	objective	is	the	coverage	of	the	denuded	root	surface.	The	maxillary	anterior	area,	especially	the	facial	aspect	of	the	canine,	often	presents	extensive	gingival	recession.	In	such	cases,	the
covering	of	the	denuded	root	surface	not	only	widens	the	zone	of	attached	gingiva	but	also	creates	an	improved	esthetic	result.	This	recession	and	the	resultant	denuded	root	surface	have	special	esthetic	concerns	for	individuals	with	a	high	smile	line.	A	wider	zone	of	attached	gingiva	is	also	needed	around	teeth	that	serve	as	abutments	for	fixed	or
removable	partial	dentures,	as	well	as	in	the	ridge	areas	bearing	a	denture.	Teeth	with	subgingival	restorations	and	narrow	zones	of	keratinized	gingiva	have	higher	gingival	inflammation	scores	than	teeth	with	similar	restorations	and	wide	zones	of	attached	gingiva.	Widening	the	attached	gingiva	accomplishes	the	following	four	objectives:	1.	2.	3.	4.
enhances	plaque	removal	around	the	gingival	margin	improves	esthetics	reduces	inflammation	around	restored	teeth	gingival	margin	binds	better	around	teeth	and	implants	with	attached	gingiva.	Gingival	Recession	Exposed	roots	besides	being	unaesthetic	also	cause	additional	problems	like	dentinal	hypersensitivity,	pulpal	hyperemia	besides	being
prone	for	caries.	Hence	root	coverage	has	become	a	very	important	procedure	in	Periodontics	today	Problems	Associated	with	Shallow	Vestibule	Another	objective	of	periodontal	plastic	surgery	is	the	creation	of	vestibular	depth	when	it	is	lacking.	Gingival	recession	displaces	the	gingival	margin	apically,	thus	reducing	vestibular	depth,	which	is
measured	from	the	gingival	margin	to	the	bottom	of	the	vestibule.	As	indicated	previously,	with	minimal	vestibular	depth,	proper	hygiene	procedures	are	jeopardized.	The	sulcular	brushing	technique	requires	the	placement	of	the	toothbrush	at	the	gingival	margin,	which	may	not	be	possible	with	reduced	vestibular	depth.	Minimal	attached	gingiva
with	adequate	vestibular	depth	may	not	require	surgical	correction	if	proper	atraumatic	hygiene	is	practiced	with	a	soft	brush.	Minimal	amounts	of	keratinized	attached	gingiva	with	no	vestibular	depth	benefit	from	mucogingival	correction.	Adequate	vestibular	depth	is	also	necessary	for	the	proper	placement	of	removable	prostheses.	Problems
Associated	with	Aberrant	Frenum	Another	important	objective	of	periodontal	plastic	surgery	is	to	correct	frenal	or	muscle	attachments	that	may	extend	coronal	to	the	mucogingival	junction.	If	adequate	keratinized,	attached	gingiva	is	present	coronal	to	the	frenum,	it	may	not	be	necessary	to	remove	the	frenum.	A	frenum	that	encroaches	on	the
margin	of	the	gingiva	may	interfere	with	plaque	removal,	and	the	tension	on	the	frenum	may	tend	to	open	the	sulcus.	In	such	cases,	surgical	removal	of	the	frenum	is	indicated	(Fig.	50	.1).	Esthetic	Deformities	As	indicated	earlier,	the	recession	of	the	facial,	gingival	margin	will	alter	the	proper	gingival	symmetry	and	result	in	an	esthetic	problem.	The
presence	of	the	interdental	papilla	is	also	important	to	satisfy	the	esthetic	goals	of	the	patient.	A	missing	papilla	creates	a	space	that	many	address	as	a	"black	hole."	The	regeneration	of	the	lost	or	reduced	papilla	is	one	of	the	most	difficult	goals	in	esthetic	periodontal	plastic	surgery	Another	area	of	concern	is	the	patient	who	presents	an	excessive
amount	of	gingiva	in	the	visible	area.	This	condition	is	often	addressed	as	a	"gummy	smile"	and	may	be	corrected	surgically	by	crown	lengthening.	The	correction	of	these	anatomic	defects	has	become	an	important	part	of	periodontal	plastic	surgery	Also	gingival	asymmetry	needs	to	be	corrected	to	improve	the	smile	profile	of	the	patient.	The	esthetic
demands	of	the	patients	today	have	increased	to	such	an	extent	that	black	or	brownish	discoloration	of	the	gums-"physiologic	hyper	melanin	pigmentation"	is	unacceptable.	Gingival	depigmentation,	although	provides	only	a	temporary	relief,	is	widely	performed	nowadays.	Etiology	of	Marginal	Tissue	Recession	The	most	common	cause	of	gingival
recession	and	the	loss	of	attached	gingiva	is	abrasive	and	traumatic	tooth	brushing	habits	(Fig.	50.2).	The	bone	and	soft	tissue	anatomy	of	the	buccal,	radicular	surface	of	the	dentition	is	usually	thin,	especially	around	the	anterior	area.	Teeth	positioned	buccally	may	have	an	even	thinner	bone	and	gingiva.	In	many	instances,	such	areas	may	have	a
complete	absence	of	bone	beneath	the	thin	overlying	gingival	tissue.	Such	defect	in	the	bone	is	called	a	dehiscence.	This	anatomic	status	combined	with	external	trauma	from	overzealous	brushing	can	lead	to	the	loss	of	gingival	tissue.	Recession	of	the	gingival	tissue	and	bone	exposes	the	cementa!	surface	of	the	root,	which	results	in	abrasion	and
"ditching"	of	the	cementa!	surface	apical	to	50	Periodontal	Plastic	and	Esthetic	Surgery	FIGURE	50.1	575	A-D,	Examples	of	frenum	attached	to	the	gingiva.	the	cementoenamel	junction	(CEJ).	The	cementum	is	softer	than	enamel	and	will	be	destroyed	before	the	enamel	surface	of	the	crown.	Another	cause	for	gingival	recession	is	periodontal	disease
and	chronic	marginal	inflammation.	The	loss	of	attachment	caused	by	the	inflammation	is	followed	by	the	loss	of	bone	and	gingiva.	Advanced	periodontal	involvement	in	areas	of	minimal	attached	gingiva	results	in	the	base	of	the	pocket	extending	close	to	or	apical	to	the	mucogingival	junction.	Periodontal	therapy	of	these	areas	also	results	in	gingival
recession	caused	by	the	loss	of	gingiva	and	bone	(Fig.	50.2D	and	E).	Frenal	and	muscle	attachments	that	encroach	on	the	marginal	gingiva	can	distend	the	gingival	sulcus,	which	creates	an	environment	for	plaque	accumulation.	This	condition	increases	the	rate	periodontal	recession	and	will	contribute	to	the	recurrence	of	the	recession	even	after
treatment	These	problems	are	more	common	on	facial	surfaces,	but	may	also	occur	on	the	lingual	surface.	Orthodontic	tooth	movement	through	a	thin	buccal	osseous	plate	may	lead	to	a	dehiscence	beneath	a	thin	gingiva,	which	can	lead	to	recession.	Factors	That	Affect	Surgical	Outcome	Irregularity	of	Teeth	Abnormal	tooth	alignment	is	an	important
cause	of	gingival	deformities	that	require	corrective	surgery	and	also	an	important	factor	in	determining	the	outcome	of	treatment.	The	location	of	the	gingival	margin,	width	of	the	attached	gingiva,	and	alveolar	bone	height	and	thickness	are	all	affected	by	tooth	alignment.	On	teeth	that	are	tilted	or	rotated	labially,	the	labial	bony	plate	is	thinner	and
located	farther	apically	than	on	the	adjacent	teeth;	therefore	the	gingiva	is	recessed	so	that	the	root	is	exposed.	On	the	lingual	surface	of	such	teeth,	the	gingiva	is	bulbous	and	the	bone	margins	are	closer	to	the	CE].	The	level	of	gingival	attachment	on	root	surfaces	and	the	width	of	the	attached	gingiva	after	mucogingival	surgery	are	affected	as	much
by	tooth	alignment	as	by	variations	in	treatment	procedures.	Orthodontic	correction	is	indicated	when	mucogingival	surgery	is	performed	on	malposed	teeth	in	an	attempt	to	widen	the	attached	gingiva	or	to	restore	the	gingiva	over	denuded	roots.	If	orthodontic	treatment	is	not	feasible,	the	prominent	tooth	should	be	reduced	to	within	the	borders	of
the	alveolar	bone,	with	special	care	taken	to	avoid	pulp	injury	Roots	covered	with	thin	bony	plates	present	a	hazard	in	mucogingival	surgery.	Even	the	most	protective	type	of	flap,	a	partial-thickness	flap,	creates	the	risk	of	bone	resorption	on	the	periosteal	surface.	Resorption	in	amounts	that	ordinarily	are	not	significant	may	cause	loss	of	bone	height
when	the	bone	plate	is	thin	or	tapered	at	the	crest.	Mucogingival	Line	(Junction)	Normally,	the	mucogingival	line	in	the	incisor	and	canine	areas	is	located	approximately	3	mm	apical	to	the	crest	of	the	alveolar	bone	on	the	radicular	surfaces	and	5	mm	interdentally.	In	periodontal	disease	and	on	malposed	disease	free	teeth,	the	bone	margin	is	located
farther	apically	and	may	extend	beyond	the	mucogingival	line.	The	distance	between	the	mucogingival	line	and	the	CEJ	before	and	after	periodontal	surgery	is	not	necessarily	constant.	After	inflammation	is	eliminated,	the	tissue	tends	to	contract	and	draw	the	mucogingival	line	in	the	direction	of	the	crown.	Techniques	to	Increase	Attached	Gingiva	To
simplify	and	better	understand	the	techniques	and	the	result	of	the	surgery,	the	following	classification	is	presented.	•	Gingival	augmentation	apical	to	the	area	of	recession.	A	graft,	either	pedicle	or	free,	is	placed	on	a	recipient	bed	apical	to	576	PART	2	Clinical	Periodontics	FIGURE	50.2	A,	Gingival	recession	and	extreme	inflammation	around	a
lower	central	incisor.	B,	Advanced	recession	of	mesial	root	of	a	first	lower	molar,	C,	Gingival	recession	caused	by	faulty	tooth	brushing.	D,	Preoperative	view	showing	deep	periodontal	pocket	between	the	maxillary	central	incisors.	E,	Recession	following	periodontal	flap	surgery.	the	recessed	gingival	margin.	No	attempt	is	made	to	cover	the	denuded
root	surface.	•	Gingival	augmentation	coronal	to	the	recession	(root	coverage).	A	graft	(either	pedicle	or	free)	is	placed	covering	the	denuded	root	surface.	Both	the	apical	and	the	coronal	widening	of	attached	gingiva	enhance	oral	hygiene	procedures,	but	only	the	latter	can	correct	an	esthetic	problem.	For	preprosthetic	purposes,	the	combination	of
widening	keratinized	gingiva	apical	and	coronal	to	the	recession	would	satisfy	this	objective.	Consideration	of	the	objectives	as	apical,	coronal,	or	both	provides	a	better	understanding	of	the	techniques	required	to	achieve	the	goals.	Widening	of	the	keratinized	attached	gingiva	(apical	or	coronal	to	the	area	of	recession)	can	be	accomplished	by
numerous	techniques,	such	as	the	free	gingival	autograft,	free	connective	tissue	autograft	and	lateral	pedicle	flap,	which	can	be	used	for	either	objective.	Gingival	Augmentation	Apical	to	Recession	Techniques	for	gingival	augmentation	apical	to	the	area	of	recession	include	free	gingival	autograft,	Free	Connective	Tissue	Autografts	and	the	apically
positioned	flap.	Free	Gingival	Autografts	Free	gingival	grafts	are	used	to	create	a	widened	zone	of	attached	gingiva.	They	were	initially	described	by	Bjorn	in	1963	and	have	been	extensively	investigated	since	that	time.	The	Classic	Technique	(Fig.	50.3).	Step	1:	Prepare	the	recipi-	ent	site.	The	purpose	of	this	step	is	to	prepare	a	firm	connective	tissue
bed	to	receive	the	graft.	The	recipient	site	can	be	prepared	by	incising	at	the	existing	mucogingival	junction	with	a	No.	15	blade	to	the	desired	depth,	blending	the	incision	on	both	ends	with	the	existing	mucogingival	line.	Periosteum	should	be	left	covering	the	bone	(Fig.	50.4).	50	Periodontal	Plastic	and	Esthetic	Surgery	577	FIGURE	50.3	Free
gingival	graft.	A,	Before	treatment;	minimal	keratinized	gingiva.	B,	Recipient	site	prepared	for	free	gingival	graft.	C,	Palate	will	be	donor	site.	D,	Free	graft.	E,	Graft	transferred	to	recipient	site.	F,	At	6	months,	showing	widened	zone	of	attached	gingiva.	(Courtesy	Dr.	Perry	Klokkevold,	Los	Angeles.)	FIGURE	50.4	Diagram	of	graft	bed	suture.	Another
technique	consists	of	outlining	the	recipient	site	with	two	vertical	incisions	from	the	incised	gingival	margin	into	the	alveolar	mucosa.	Extend	the	incisions	to	approximately	twice	the	desired	width	of	the	attached	gingiva,	allowing	for	50%	contraction	of	the	graft	when	healing	is	complete.	The	amount	of	contraction	depends	on	the	extent	to	which	the
recipient	site	penetrates	the	muscle	attachments.	The	deeper	the	recipient	site,	the	greater	is	the	tendency	for	the	muscles	to	elevate	the	graft	and	reduce	the	final	width	of	the	attached	gingiva.	The	periosteum	along	the	apical	border	of	the	graft	is	sometimes	penetrated	in	an	effort	to	prevent	postoperative	narrowing	of	the	attached	gingiva.	The	No.
15	blade	is	used	to	incise	along	the	gingival	margin	to	separate	a	flap	consisting	of	epithelium	and	underlying	connective	tissue	without	disturbing	the	periosteum.	Extend	the	flap	to	the	depth	of	the	vertical	incisions.	Suture	the	flap	where	the	apical	portion	of	the	free	graft	will	be	located.	Three	to	four	independent	gut	sutures	are	placed.	The	needle
is	first	passed	as	a	superficial	mattress	suture	perpendicular	to	the	incision	and	then	on	the	periosteum	parallel	to	the	incision.	An	aluminum	foil	template	of	the	recipient	site	can	be	made	to	be	used	as	a	pattern	for	the	graft.	Grafts	can	also	be	placed	directly	on	bone	tissue.	For	this	technique,	the	flap	should	be	separated	by	blunt	dissection	with	a
periosteal	elevator.	The	advantages	of	this	variant	are	less	postoperative	mobility	of	the	graft,	less	swelling,	better	hemostasis	and	1.5-2	times	less	shrinkage.	However,	there	is	a	healing	lag	period	that	is	observed	for	the	first	2	weeks.	Step	2:	Obtain	the	graft	from	the	donor	site.	The	classic	or	conventional	free	gingival	graft	technique	consists	of
transferring	a	piece	of	keratinized	gingiva	approximately	the	size	of	the	recipient	site.	To	avoid	the	large	wound	that	this	procedure	sometimes	leaves	in	the	donor	site,	some	alternative	methods	have	been	proposed.	The	original	technique	is	described	first,	followed	by	several	of	the	most	common	variants.	For	the	classic	technique,	a	partial-thickness
graft	is	used.	The	palate	is	the	usual	site	from	which	the	donor	tissue	is	removed.	The	graft	should	consist	of	epithelium	and	a	thin	layer	of	underlying	connective	tissue.	Place	the	template	over	the	donor	site,	and	make	a	shallow	incision	around	it	with	a	No.	15	blade.	Insert	the	blade	to	the	desired	thickness	at	one	edge	of	the	graft.	Elevate	the	edge
and	hold	it	with	tissue	forceps.	Continue	to	separate	the	graft	with	the	blade,	lifting	it	gently	as	separation	progresses	to	provide	visibility	Placing	sutures	at	the	margins	of	the	graft	helps	control	it	during	separation	and	transfer	and	simplifies	placement	and	suturing	to	the	recipient	site.	Proper	thickness	is	important	for	survival	of	the	graft.	It	should
be	thin	enough	to	permit	diffusion	of	fluid	from	the	recipient	site,	which	is	essential	in	the	immediate	post	transplant	period.	A	graft	that	is	too	thin	may	necrose	and	expose	the	recipient	site.	If	the	graft	is	too	thick,	its	peripheral	layer	is	jeopardized	because	of	the	excessive	tissue	that	separates	it	from	new	circulation	and	nutrients.	Thick	grafts	may
also	create	a	deeper	wound	at	the	donor	site,	with	the	possibility	of	injuring	major	palatal	arteries.	The	ideal	thickness	of	a	graft	is	between	1.0	and	1.5	mm.	After	the	graft	is	separated,	remove	the	loose	tissue	tags	from	the	undersurface.	Thin	the	edge	to	578	PART	2	Clinical	Periodontics	avoid	bulbous	marginal	and	interdental	contours.	Special
precautions	must	be	taken	with	grafts	from	the	palate.	The	submucosa	in	the	posterior	region	is	thick	and	fatty	and	should	be	trimmed	so	that	it	will	not	interfere	with	vascularization.	Grafts	tend	to	reestablish	their	original	epithelial	structure,	so	mucous	glands	may	occur	in	grafts	obtained	from	the	palate.	A	thick	graft	can	be	thinned	by	holding	it
between	two	wet	wooden	tongue	depressors	and	slicing	it	longitudinally	with	a	sharp	No.	15	blade.	Step	3:	Transfer	and	immobilize	the	graft.	Remove	the	sponge	from	the	recipient	site,	reapply	it	with	pressure	if	necessary	until	bleeding	is	stopped.	Remove	the	excess	clot.	A	thick	clot	interferes	with	vascularization	of	the	graft.	Position	the	graft	and
adapt	it	firmly	to	the	recipient	site.	A	space	between	the	graft	and	the	underlying	tissue	(dead	space)	impairs	vascularization	and	jeopardizes	the	graft.	Suture	the	graft	at	the	lateral	borders	and	to	the	periosteum	to	secure	it	in	position.	The	graft	must	be	immobilized.	Any	movement	interferes	with	healing.	Avoid	excessive	tension,	which	can	distort
the	graft	from	the	underlying	surface.	Every	precaution	should	be	taken	to	avoid	trauma	to	the	graft.	Tissue	forceps	should	be	used	delicately	and	a	minimum	number	of	sutures	used	to	avoid	unnecessary	tissue	perforation.	Step	4:	Protect	the	donor	site.	Cover	the	donor	site	with	a	periodontal	pack	for	1	week	and	repeat	if	necessary.	Retention	of	the
pack	on	the	donor	site	can	be	a	problem.	If	facial	attached	gingiva	was	used,	the	pack	may	be	retained	by	locking	it	through	the	interproximal	spaces	onto	the	lingual	surface.	If	there	are	no	open	interdental	spaces,	the	pack	can	be	covered	by	a	plastic	stent	wired	to	the	teeth.	A	modified	Hawley	retainer	is	useful	to	cover	the	pack	on	the	palate	and
over	edentulous	ridges.	Variant	Techniques.	The	free	gingival	graft	technique	is	a	predictable	procedure,	but	the	donor	site	(palate)	is	left	with	an	open	wound	that	must	heal	by	secondary	intention.	The	following	variant	techniques	attempt	to	minimize	the	donor	site	wound	by	removing	the	donor	tissue	in	a	different	configuration	and	altering	the
shape	to	maximize	coverage	over	the	recipient	site.	These	techniques	are	(1)	the	accordion	technique,	(2)	the	strip	technique	(Fig.	50.5),	and	(3)	the	combination	epithelial-connective	tissue	strip	technique.	All	are	modifications	of	the	free	gingival	grafts.	The	accordion	technique,	described	by	Rateitschak	et	al,	attains	expansion	of	the	graft	by
alternate	incisions	in	opposite	sides	of	the	graft.	This	technique	increases	the	donor	graft	tissue	by	changing	the	configuration	of	the	tissue.	The	strip	technique,	developed	by	Han	et	al,	consists	of	obtaining	two	or	three	strips	of	gingival	donor	tissue	about	3-	5	mm	wide	and	long	enough	to	cover	the	entire	length	of	the	recipient	site.	These	strips	are
placed	side	by	side	to	form	one	donor	tissue	and	sutured	on	the	recipient	site.	The	area	is	then	covered	with	aluminum	foil	and	surgical	dressing.	Healing	of	the	Graft.	The	success	of	the	graft	depends	on	survival	of	the	connective	tissue.	Sloughing	of	the	epithelium	occurs	in	most	cases,	but	the	extent	to	which	the	connective	tissue	withstands	the
transfer	to	the	new	location	determines	the	fate	of	the	graft.	Fibrous	organization	of	the	interface	between	the	graft	and	the	recipient	bed	occurs	within	two	to	several	days.	The	graft	is	initially	maintained	by	a	diffusion	of	fluid	from	the	host	bed,	adjacent	gingiva,	and	alveolar	mucosa.	The	fluid	is	a	transudate	from	the	host	vessels	and	provides
nutrition	and	hydration	essential	for	the	initial	survival	of	the	transplanted	tissues.	During	the	first	day,	the	connective	tissue	becomes	edematous	and	disorganized	and	undergoes	degeneration	and	lysis	of	some	of	its	elements.	As	healing	progresses,	the	edema	is	resolved	and	degenerated	connective	tissue	is	replaced	by	new	granulation	tissue.
Revascularization	of	the	graft	starts	by	the	second	or	third	day.	Capillaries	from	the	recipient	bed	proliferate	into	the	graft	to	form	a	network	of	new	capillaries	and	anastomose	with	preexisting	vessels.	Many	of	the	graft	vessels	degenerate	and	are	replaced	by	new	ones,	and	some	of	these	participate	in	the	new	circulation.	The	central	section	of	the
surface	is	the	last	to	vascularize,	but	this	is	complete	by	the	tenth	day.	The	epithelium	undergoes	degeneration	and	sloughing,	with	complete	necrosis	occurring	in	some	areas.	It	is	replaced	by	new	epithelium	from	the	borders	of	the	recipient	site.	A	thin	layer	of	new	epithelium	is	present	by	the	fourth	day,	with	rete	pegs	developing	by	the	seventh	day.
Heterotopically	placed	grafts	maintain	their	structure	(keratinized	epithelium),	even	after	the	grafted	epithelium	has	become	necrotic	and	has	been	replaced	by	neighboring	areas	of	nonkeratinized	epithelium,	which	suggests	that	a	genetic	predetermination	of	the	specific	character	of	the	oral	mucosa	exists	that	depends	on	stimuli	originating	in	the
connective	tissue.	This	is	the	basis	for	the	technique	that	uses	grafts	composed	only	of	connective	tissue	obtained	from	areas	in	which	it	is	covered	by	keratinized	epithelium.	As	seen	microscopically,	healing	of	a	graft	of	intermediate	thickness	(0.75	mm)	is	complete	by	10	weeks;	thicker	grafts	(1.	75	mm)	may	require	16	weeks	or	longer.	The	gross
appearance	of	the	graft	reflects	the	tissue	changes	within	it.	At	transplantation,	the	graft	vessels	are	empty	and	the	graft	is	pale.	The	pallor	changes	to	an	ischemic	grayish	white	during	the	first	2	days	until	vascularization	begins	and	a	pink	color	appears.	The	plasmatic	circulation	accumulates	and	causes	softening	and	swelling	of	the	graft,	which	are
reduced	when	the	edema	is	removed	from	the	recipient	site	by	the	new	blood	vessels.	Loss	of	epithelium	leaves	the	graft	smooth	and	shiny.	New	epithelium	creates	a	thin,	gray,	veillike	surface	that	develops	normal	features	as	the	epithelium	matures.	Functional	integration	of	the	graft	occurs	by	the	seventeenth	day,	but	the	graft	is	morphologically
distinguishable	from	the	surrounding	tissue	for	months.	The	graft	eventually	blends	with	adjacent	tissues,	but	sometimes	although	pink,	firm,	and	healthy,	it	is	somewhat	bulbous.	This	usually	presents	no	problem,	but	if	the	graft	traps	plaque	or	is	esthetically	unacceptable,	thinning	of	the	graft	may	be	necessary.	Thinning	the	surface	of	the	grafted
tissue	does	reduce	the	bulbous	condition	because	the	surface	epithelium	tends	to	proliferate	again.	The	graft	should	be	thinned	by	making	the	necessary	incisions	to	elevate	it	from	the	periosteum,	removing	tissue	from	its	undersurface,	and	suturing	it	back	in	place.	Accomplishments.	Free	gingival	grafts	effectively	widen	the	attached	gingiva.	Several
biometric	studies	have	analyzed	the	width	of	the	attached	gingiva	after	the	placement	of	a	free	gingival	graft.	After	24	weeks,	grafts	placed	on	denuded	bone	shrink	25%,	whereas	grafts	placed	on	periosteum	shrink	50	Periodontal	Plastic	and	Esthetic	Surgery	579	FIGURE	50.5	Free	gingival	graft:	strip	technique.	A-D,	Mucosa[	tissue	around	implants.
E	and	F,	Recipient	site	prepared.	G,	Donor	site	with	strips	of	free	graft	removed.	H,	Donor	strips	of	free	graft.	I	and	J,	Strips	placed	side	by	side	on	recipient	site.	K,	Donor	area	1	week	after	graft	removal.	L,	Healing	of	recipient	site	after	3	months.	Note	good	keratinized,	attached	gingiva.	(Courtesy	DrT	Han	and	Dr	P	Klokkevold,	Los	Angeles.)	50%.
The	greatest	amount	of	shrinkage	occurs	within	the	first	6	weeks.	The	placement	of	a	gingival	graft	does	not	"improve"	the	status	of	the	gingiva.	Therefore	the	indication	for	a	free	gingival	graft	should	be	based	on	the	presence	of	progressive	gingival	recession	and	inflammation.	When	recession	continues	to	progress	after	a	few	months	with	good
plaque	control,	a	graft	can	be	placed	to	prevent	further	recession	and	loss	of	attached	gingiva.	Other	materials	have	been	used	to	replace	gingival	tissue	in	gingival	extension	procedures.	Attempts	with	lyophilized	duramater	and	sclera	have	not	been	satisfactory	The	use	of	irradiated	free	gingival	allograft	showed	satisfactory	results,	but	further
research	is	necessary	before	it	can	be	considered	for	clinical	use.	Free	autogenous	gingival	grafts	have	been	found	to	be	useful	for	covering	nonpathologic	dehiscences	and	fenestrations.	Nonpathologic	refers	to	openings	of	the	bone	through	the	tooth	surface	not	previously	exposed	to	the	oral	environment	and	found	in	the	course	of	flap	surgery	The
use	of	free	gingival	autografts	to	cover	denuded	roots	is	described	later	in	this	chapter.	Allografts	as	Donor	Tissue	(Fig.	50.6).	Another	technique	to	minimize	the	use	of	the	palate	as	a	donor	site	is	the	use	of	acellular	dermal	matrix	(ADM)	as	a	substitute	for	palatal	donor	tissue.	The	use	of	the	palate	as	a	donor	site	for	gingival	augmentation	has
numerous	disadvantages,	for	not	only	are	the	patients	fearful	of	palatal	surgery	from	where	the	donor	tissue	is	procured	but	there	is	also	a	limitation	on	the	amount	of	tissue	that	can	be	removed.	Currently,	there	are	numerous	clinicians	who	advocate	the	use	of	ADM	as	a	substitute	for	palatal	donor	tissue.	This	product	is	commercially	available	under
the	name	AlloDerm	and	is	derived	from	donated	human	skin.	Commercial	preparation	of	this	tissue	includes	a	multistep	proprietary	process	that	removes	both	the	epidermis	and	580	PART	2	Clinical	Periodontics	FIGURE	50.6	A,	Preoperative	view.	B,	lntrasulcular	incision.	C,	AlloDerm	on	the	surface	before	insertion	into	the	pouch.	D,	AlloDerm
sutured	within	the	pouch.	E,	Pouch	coronally	positioned	and	sutured.	F,	Postoperative	view	after	1	month.	G,	Postoperative	view	after	1	year.	50	Periodontal	Plastic	and	Esthetic	Surgery	581	FIGURE	50.7	Free	connective	tissue	graft.	A,	Lack	of	keratinized,	attached	gingiva	buccal	to	central	incisor.	B,	Vertical	incisions	to	prepare	recipient	site.	C,
Recipient	site	prepared.	D,	Palate	from	which	connective	tissue	will	be	removed	for	donor	tissue.	E,	Removal	of	connective	tissue.	F,	Donor	site	sutured.	G,	Connective	tissue	for	graft.	H,	Free	connective	tissue	placed	at	donor	site.	I,	Postoperative	healing	at	10	days.	J,	Final	healing	at	3	months.	Note	wide,	keratinized,	attached	gingiva.	(Courtesy	Or.
M.	Orisini,	Italy.)	the	cells	that	can	lead	to	tissue	rejection	and	graft	failure	without	damaging	the	matrix.	The	remaining	ADM	consists	of	a	nondenatured	three-dimensional	arrangement	of	intact	collagen	fibers,	ground	substance,	and	vascular	channels.	Randomized,	controlled	clinical	trials	have	demonstrated	outcomes	with	ADM	equivalent	to
palatal	donor	tissue	in	treatment	of	gingival	recession	Free	Connective	Tissue	Autografts	The	connective	tissue	autograft	technique	was	originally	described	by	Edel	and	is	based	on	the	fact	that	the	connective	tissue	carries	the	genetic	message	for	the	overlying	epithelium	to	become	keratinized.	Therefore	only	connective	tissue	from	beneath	a
keratinized	zone	can	be	used	as	a	graft.	The	advantage	of	this	technique	is	that	the	donor	tissue	is	obtained	from	the	undersurface	of	the	palatal	flap,	which	is	sutured	back	in	primary	closure,	therefore	healing	is	by	first	intention.	The	patient	has	less	discomfort	postoperatively	at	the	donor	site	(Fig.	50.	7).	Another	advantage	of	the	free	connective
tissue	autograft	is	that,	improved	esthetics	can	be	achieved	because	of	a	better	color	match	of	the	grafted	tissue	to	the	adjacent	areas.	Apically	Displaced	Flap	This	technique	uses	the	apically	positioned	flap,	either	partial	thickness	or	full	thickness,	to	increase	the	zone	of	keratinized	gingiva.	Chapter	45	provides	a	step-by-step	description	of	the
surgical	technique	for	apically	displaced	flaps,	and	illustrates	the	procedure	(Fig.	50	8)	Accomplishments.	The	apically	displaced	flap	technique	increases	the	width	of	the	keratinized	gingiva	but	cannot	predictably	deepen	the	vestibule	with	attached	gingiva.	Adequate	vestibular	depth	must	be	present	before	the	surgery	to	allow	582	PART	2	Clinical
Periodontics	the	flap	at	the	crest	of	the	bone.	New	tissue	covers	the	crest	of	the	bone	to	produce	a	firm,	tapered	gingival	margin.	Placing	the	flap	short	of	the	crest	increases	the	risk	of	a	slight	reduction	in	bone	height,	but	the	advantage	of	a	wellformed	gingival	margin	compensates	for	this.	Techniques	to	Treat	Gingival	Recession	Gingival
Augmentation	Coronal	to	Recession	(Root	Coverage)	Understanding	the	different	stages	and	conditions	of	gingival	recession	is	necessary	for	predictable	root	coverage.	Several	classifications	of	denuded	roots	have	been	proposed.	In	the	1960s,	Sullivan	and	Atkins	classified	gingival	recession	into	four	anatomic	categories:	(1)	shallow-narrow,	(2)
shallowwide,	(3)	deep-narrow,	and	(4)	deep-wide.	This	early	classification	helped	categorize	the	lesion	but	did	not	enable	the	clinician	to	predict	the	outcome	of	therapy.	The	predictability	of	root	coverage	can	be	enhanced	by	the	presurgical	examination	and	the	correlation	of	the	recession	by	using	the	classification	proposed	by	Miller,	as	follows	(Fig.
50	9):	Class	I.	Marginal	tissue	recession	does	not	extend	to	the	mucogingival	junction.	There	is	no	loss	of	bone	or	soft	tissue	in	the	interdental	area.	This	type	of	recession	can	be	narrow	or	wide.	Class	II.	Marginal	tissue	recession	extends	to	or	beyond	the	mucogingival	junction.	There	is	no	loss	of	bone	or	soft	tissue	in	the	interdental	area.	This	type	of
recession	can	be	subclassified	into	wide	and	narrow.	Class	III.	Marginal	tissue	recession	extends	to	or	beyond	the	mucogingival	junction.	There	is	bone	and	soft	tissue	loss	interdentally	or	malpositioning	of	the	tooth.	Class	IV	Marginal	tissue	recession	extends	to	or	beyond	the	mucogingival	Junction.	There	is	severe	bone	and	soft	tissue	loss
interdentally	or	severe	tooth	malposition.	FIGURE	50.8	Apically	displaced	partial-thickness	flap.	A,	Internal	bevel	incision	(I)	separates	inner	wall	of	periodontal	pocket.	MC,	Mucogingival	junction;	V,	vestibular	fornix.	B,	Partial-thickness	flap	(F)	separated,	leaving	periosteum	and	a	layer	of	connective	tissue	on	the	bone.	The	inner	wall	of	the
periodontal	pocket	(I)	is	removed,	and	the	tooth	is	scaled	and	planed.	C,	Partial-thickness	flap	(F)	displaced	apically,	with	edge	of	the	flap	at	crest	of	the	bone.	Note	that	the	vestibular	fornix	is	also	moved	apically.	D,	Partial-thickness	flap	(F)	displaced	apically,	with	edge	of	the	flap	several	millimeters	below	crest	of	the	bone.	apical	positioning	of	the
flap.	The	edge	of	the	flap	may	be	located	in	three	positions	in	relation	to	the	bone	as	follows:	1.	Slightly	coronal	to	the	crest	of	the	bone.	This	location	attempts	to	preserve	the	attachment	of	supracrestal	fibers.	It	may	also	result	in	thick	gingival	margins	and	interdental	papillae	with	deep	sulci	and	may	create	the	risk	of	recurrent	pockets.	2.	At	the
level	of	the	crest.	This	results	in	a	satisfactory	gingival	contour,	provided	that	the	flap	is	adequately	thinned.	3.	Two	millimeters	short	of	the	crest.	This	position	produces	the	most	desirable	gingival	contour	and	the	same	posttreatment	level	of	gingival	attachment	as	obtained	by	placing	In	general,	the	prognoses	for	Classes	I	and	II	are	good	to
excellent	whereas,	for	Class	III,	only	partial	coverage	can	be	expected.	Class	IV	has	a	very	poor	prognosis	with	current	techniques.	The	following	is	a	list	of	techniques	used	for	root	coverage.	1.	free	gingival	autograft	2.	pedicle	graft	(laterally	or	horizontally	displaced	flap)	3.	coronally	advanced	flap;	includes	semilunar	pedicle	graft	(Tarnow)	4.
subepithelial	connective	tissue	graft	(Langer)	5.	guided	tissue	regeneration	(GTR)	6.	pouch	and	tunnel	technique	(coronally	advanced	tunnel	technique)	7.	other	techniques	Some	of	the	techniques	used	for	widening	the	attached	gingiva	apical	to	the	area	of	recession	can	also	be	used	for	root	coverage.	Both	the	free	gingival	and	the	connective	tissue
autograft	used	for	apical	widening	can	be	used	for	coronal	augmentation	by	incorporating	some	modifications.	In	using	the	free	grafts	for	root	coverage,	the	recipient	bed	surrounding	the	denuded	root	surface	must	be	extended	wider	to	allow	for	better	blood	supply	to	the	donor	free	graft.	This	is	necessary	50	Periodontal	Plastic	and	Esthetic	Surgery
583	II	Ill	Attached	gingiva	-	Mucosal	tissue	FIGURE	50.10	Laterally	displaced	flap	for	coverage	of	denuded	root.	Top,	Incisions	removing	the	gingival	margin	around	the	exposed	root	and	outlining	the	flap.	Bottom,	After	the	gingiva	around	the	exposed	root	is	removed,	the	flap	is	separated,	transferred,	and	sutured.	IV	Step	5:	Transfer	the	graft.
Transfer	the	graft	to	the	recipient	site	and	suture	it	to	the	periosteum	with	a	gut	suture.	Good	stability	of	the	graft	must	be	attained	with	adequate	sutures.	Step	6:	Cover	the	graft.	Cover	the	grafted	site	with	dry	aluminum	foil	and	periodontal	dressing.	Attached	gingiva	~	Mucosal	tissue	FIGURE	50.9	P.O.	Millers	classification	of	denuded	roots.
because	a	portion	of	the	donor	tissue	overlies	the	root	surface,	which	does	not	have	blood	supply.	Free	Gingival	Autograft	Successful	and	predictable	root	coverage	has	been	reported	using	free	gingival	autografts.	The	Classic	Technique.	Miller	applied	the	classic	free	gingival	autograft	described	previously	with	a	few	modifications.	Step	1:	Root
planing.	Root	planing	is	performed	with	the	application	of	saturated	citric	acid	for	5	minutes	on	the	root	surface.	The	application	of	this	acid	has	not	been	validated	by	some	studies,	but	numerous	clinicians	practice	this	technique.	Step	2:	Prepare	the	recipient	site.	Make	a	horizontal	incision	in	the	interdental	papillae	at	right	angles	to	create	a	margin
against	which	the	graft	may	have	a	butt	joint	with	the	incision.	Vertical	incisions	are	made	at	the	proximal	line	angles	of	adjacent	teeth	and	the	retracted	tissue	is	excised.	Maintain	an	intact	periosteum	in	the	apical	area.	Steps	3	and	4.	Refer	to	the	step-by-step	technique	described	for	the	classic	gingival	graft	earlier	in	this	chapter.	This	technique
results	in	predictable	coverage	of	the	denuded	root	surface	but	may	present	esthetic	color	discrepancies	with	the	adjacent	gingiva	because	of	a	lighter	color.	Pedicle	Autograft	Laterally	(Horizontally)	Displaced	Pedicle	Flap.	The	displaced	pedicle	flap	technique,	originally	described	by	Grupe	and	Warren	in	1956,	was	the	standard	technique	for	many
years	and	is	still	indicated	in	some	cases.	The	laterally	positioned	flap	can	be	used	to	cover	isolated,	denuded	root	surfaces	that	have	adequate	donor	tissue	laterally.	Adequate	vestibular	depth	must	also	be	present.	The	following	is	a	step-by-step	surgical	description:	(Figs.	50.10	and	50.11)	Step	1:	Prepare	the	recipient	site.	Epithelium	is	removed
around	the	denuded	root	surface.	The	exposed	connective	tissue	will	be	the	recipient	site	for	the	laterally	displaced	flap.	The	root	surface	will	be	thoroughly	scaled	and	root	planed.	Step	2:	Prepare	the	flap.	The	periodontium	of	the	donor	site	should	have	a	satisfactory	width	of	attached	gingiva	and	minimal	loss	of	bone,	without	dehiscence	or
fenestration.	A	full-thickness	or	partial-thickness	flap	may	be	used,	but	the	latter	is	preferable	because	it	offers	the	advantage	of	rapid	healing	at	the	donor	site	and	reduces	the	risk	of	loss	of	facial	bone	height.	This	is	especially	important	if	the	bone	is	thin	or	a	dehiscence	or	fenestration	is	suspected.	However,	if	the	gingiva	is	thin,	even	a	partial-
thickness	flap	may	not	be	sufficient	for	flap	survival.	With	a	No.	15	blade,	make	a	vertical	incision	from	the	gingival	margin	to	outline	a	flap	adjacent	to	the	recipient	site.	Incise	to	the	periosteum,	and	extend	the	incision	into	the	oral	mucosa	to	the	level	of	the	base	of	the	recipient	site.	The	flap	should	be	sufficiently	wider	than	the	recipient	site	to	cover
the	root	and	provide	a	broad	margin	for	attachment	584	PART	2	Clinical	Periodontics	FIGURE	50.11	Laterally	displaced	flap.	A,	Preoperative	view,	maxillary	bicuspid.	B,	Recipient	site	is	prepared	by	exposing	the	connective	tissue	around	the	recession.	C,	Incisions	are	made	at	the	donor	site	in	preparation	of	moving	the	tissue	laterally.	D,	Pedicle	flap
is	sutured	in	position.	E,	Postoperative	result	at	1	year.	(Courtesy	Dr.	E.B.	Kenney,	Los	Angeles.)	to	the	connective	tissue	border	around	the	root.	The	interdental	papilla	at	the	distal	end	of	the	flap,	or	a	maJor	portion	of	it,	should	be	included	to	secure	the	flap	in	the	interproximal	space	between	the	donor	and	the	recipient	teeth.	Make	a	vertical
incision	along	the	gingival	margin	and	interdental	papilla,	and	separate	a	flap	consisting	of	epithelium	and	a	thin	layer	of	connective	tissue,	leaving	the	periosteum	on	the	bone.	A	releasing	incision	is	sometimes	needed	to	avoid	tension	on	the	base	of	the	flap,	which	can	impair	the	blood	supply	when	the	flap	is	moved.	To	do	this,	make	a	short	oblique
incision	into	the	alveolar	mucosa	at	the	distal	corner	of	the	flap,	in	the	direction	of	the	recipient	site.	Step	3:	Transfer	the	flap.	Slide	the	flap	laterally	onto	the	adjacent	root;	making	sure	that	it	lies	flat	and	firm	without	excess	tension	on	the	base.	Fix	the	flap	to	the	adjacent	gingiva	and	alveolar	mucosa	with	interrupted	sutures	.A	suspensory	suture
may	be	made	around	the	involved	tooth	to	prevent	the	flap	from	slipping	apically.	Step	4:	Protect	the	flap	and	donor	site.	Cover	the	operative	field	with	aluminum	foil	and	a	soft	periodontal	dressing,	extending	it	interdentally	and	onto	the	lingual	surface	to	secure	it.	Remove	the	dressing	and	sutures	after	1	week.	Variant	Techniques.	There	are	many
variations	in	the	incisions	for	the	laterally	displaced	flap.	A	common	alternative	is	the	use	of	converging	oblique	incisions	over	the	recipient	site	and	a	vertical	or	oblique	incision	at	the	distal	end	of	the	donor	site	so	that	the	transposed	flap	is	slightly	wider	at	its	base.	In	another	modification,	the	marginal	attachment	at	the	donor	site	is	preserved	to
reduce	the	likelihood	of	recession	and	marginal	bone	resorption,	but	this	requires	a	donor	site	with	a	wider	zone	of	attached	gingiva.	Sliding	partial-thickness	grafts	from	neighboring	edentulous	areas	(pedicle	grafts)	can	be	used	to	restore	attached	gingiva	on	teeth	adjacent	to	edentulous	spaces	with	denuded	roots	and	a	small,	vestibular	fornix,	often
complicated	by	tension	from	a	frenum.	The	"double-papilla	flap"	attempts	to	cover	roots	denuded	by	isolated	gingival	defects	with	a	flap	formed	by	Joining	the	contiguous	halves	of	the	adjacent	interdental	papillae.	Results	with	this	technique	are	unpredictable	because	blood	supply	is	impaired	by	suturing	the	two	flaps	over	the	root	surface.
Accomplishments	of	Pedicle	Autograft.	Coverage	of	the	exposed	root	surface	with	the	sliding-flap	technique	has	been	reported	to	be	60,	61,	and	72%.	Histologic	studies	in	animals	have	reported	50%	coverage.	The	extent	to	which	the	flap	establishes	a	new	attachment	to	the	root	with	the	formation	of	new	cementum	and	the	embedding	of	new
connective	tissue	fibers	has	not	been	established.	New	attachment	on	artificially	denuded	roots	in	experimental	animals	and	in	some	clinical	studies	of	humans	has	been	reported,	but	it	does	not	occur	consistently	enough	to	be	predictable.	In	the	donor	site,	there	is	uneventful	repair	and	restoration	of	gingival	health	and	contours,	with	some	loss	of
radicular	bone	(0.5	mm)	and	recession	(1.5	mm)	reported	with	fullthickness	flaps.	Coronally	Advanced	Flap.	The	purpose	of	the	coronally	displaced	flap	procedure	is	to	create	a	split-thickness	flap	in	the	area	apical	to	the	denuded	root	and	position	it	coronally	to	cover	the	root.	Two	techniques	are	available	for	this	purpose.	Classic	Technique	(Fig.
50.12)	Step	1.	With	two	vertical	incisions,	delineate	the	flap.	These	incisions	should	go	beyond	the	mucogingival	junction.	Make	a	crevicular	incision	from	the	gingival	margin	to	the	bottom	of	the	sulcus.	Elevate	a	mucoperiosteal	flap	using	careful	sharp	dissection.	Step	2.	Scale	and	plane	the	root	surface.	Step	3.	Return	the	flap	and	suture	it	at	a	level
coronal	to	the	pretreatment	position.	Cover	the	area	with	a	periodontal	dressing,	which	is	removed	along	with	the	sutures	after	1	week.	The	periodontal	dressing	is	replaced	for	an	additional	week	if	it	is	necessary.	50	Periodontal	Plastic	and	Esthetic	Surgery	585	FIGURE	50.12	Coronally	displaced	flap.	A,	Preoperative	view.	Note	the	recession	and	the
lack	of	attached	gingiva.	B,	After	placement	of	a	free	gingival	graft.	C,	Three	months	after	placement	of	the	graft.	D,	Flap,	including	the	graft,	positioned	coronally	and	sutured.	E,	Six	months	later.	Note	the	root	coverage	and	the	presence	of	attached	gingiva.	Compare	with	A.	(Courtesy	Dr	T./.	Han,	Los	Angeles.)	FIGURE	50.13	Semilunar	coronally
positioned	flap.	A,	Class	1	recession	on	the	facial	surface	of	the	maxillary	right	central	incisor.	B,	A	semi	lunar	incision	is	made	and	tissue	separated	from	the	underlying	bone.	C,	Crevicular	incision.	D,	The	flap	collapses	covering	the	incision,	no	sutures	given.	E,	Appearance	after	7	weeks	showing	complete	root	coverage.	(Courtesy	Dr/./.	Elbaz,
Beverly	Hills,	California.)	Variations	to	Classic	Technique	Results	with	the	coronally	displaced	flap	technique	are	often	unfavorable	because	of	insufficient	keratinized	gingiva	apical	to	the	recession.	To	overcome	this	problem	and	to	increase	the	chances	of	success,	a	gingival	augmentation	procedure	with	a	free	autogenous	graft	can	be	performed



before	the	coronally	positioned	flap,	as	described	earlier	in	this	chapter.	This	creates	several	millimeters	of	attached	keratinized	gingiva	apical	to	the	denuded	root.	Two	months	after	this	surgery,	a	second-stage	procedure	is	performed,	coronally	positioning	the	flap	that	includes	the	free	autogenous	graft.	The	use	of	citric	acid	or	tetracycline	for
conditioning	the	root	surface	has	been	suggested.	A	significant	degree	of	reduction	in	recession	treated	by	this	double-step	procedure	was	reported	after	2	years	by	Bernimoulin	et	al	and	confirmed	by	others.	Semilunar	Flap	Technique	Tarnow	has	described	the	semilunar	coronally	repositioned	flap	to	cover	isolated	denuded	root	surfaces	(Fig.	50.13).
Step	1.	A	semilunar	incision	is	made	following	the	curvature	of	the	receded	gingival	margin	and	ending	about	2-3	mm	short	of	the	tip	of	the	papillae.	This	location	is	very	important	because	the	flap	derives	its	blood	supply	from	the	papillary	areas.	The	incision	may	need	to	reach	the	alveolar	mucosa	if	the	attached	gingiva	is	narrow.	586	PART	2
Clinical	Periodontics	Step	2.	Perform	a	split-thickness	dissection	coronally	from	the	incision	and	connect	it	to	an	intrasulcular	incision.	Step	3.	The	tissue	will	collapse	coronally,	covering	the	denuded	root.	It	is	then	held	in	its	new	position	for	a	few	minutes	with	moist	gauze.	Many	cases	do	not	require	either	sutures	or	periodontal	dressing.	This
technique	is	simple	and	predictably	provides	2-3	mm	of	root	coverage.	It	can	be	performed	on	several	adjoining	teeth.	This	technique	is	indicated	where	the	recession	is	not	extensive	(3	mm)	and	the	facial	gingival	biotype	is	thick.	It	is	successful	for	the	maxilla,	particularly	in	covering	roots	left	exposed	by	the	gingival	margin	receding	from	a	recently
placed	crown	margin.	It	is	not	recommended	for	the	mandibular	dentition.	Subepithelial	Connective	Tissue	Graft	(Langer	and	Langer)	The	subepithelial	connective	tissue	procedure	is	indicated	for	larger	and	multiple	defects	with	good	vestibular	depth	and	gingival	thickness	to	allow	a	split-thickness	flap	to	be	elevated.	Adjacent	to	the	denuded	root
surface,	the	donor	connective	tissue	is	sandwiched	between	the	split	flap.	This	technique	was	described	by	Langer	and	Langer	in	1985.	Similar	approaches	had	been	previously	reported	by	Perez-Fernandez	and	Raetzke.	The	following	is	the	step-by-step	surgical	description	(Figs.	50.14	and	5015):	Step	1.	Raise	a	partial-thickness	flap	with	a	horizontal
incision	2	mm	away	from	the	tip	of	the	papilla	and	two	vertical	incisions	1-2	mm	away	from	the	gingival	margin	of	the	adjoining	teeth.	These	incisions	should	extend	at	least	one	tooth	wider	mesiodistally	than	the	area	of	gingival	recession.	Extend	the	flap	to	the	mucobuccal	fold.	Step	2.	Thoroughly	plane	the	root,	reducing	its	convexity.	Step	3.	Obtain
a	connective	tissue	graft	from	the	palate	by	means	of	a	horizontal	incision	5-6	mm	from	the	gingival	FIGURE	50.14	Subepithelial	connective	tissue	graft	for	root	coverage.	A,	Preoperative	view:	recession	on	mandibular	1st	premolar,	B,	Graft	site	prepared,	C,	Graft	placed	on	the	recipient	site.	D,	Flap	replaced	and	covered	over	the	graft.	E,
Postoperative	view	showing	complete	root	coverage.	50	Periodontal	Plastic	and	Esthetic	Surgery	587	Mucogingival	junction	Incision	Gingival	line	(F)	FIGURE	50.14	(cont.)	F-J,	Schematic	representation	of	Sub-epithelial	connective	tissue	graft	technique.	margin	of	molars	and	premolars.	The	palatal	wound	is	sutured	in	a	primary	closure.	Step	4.	Place
the	connective	tissue	on	the	denuded	root(s).	Suture	it	with	resorbable	sutures	to	the	periosteum.	Step	5.	Cover	the	graft	with	the	outer	portion	of	the	partialthickness	flap	and	suture	it	interdentally.	Step	6.	Cover	the	area	with	dry	foil	and	surgical	dressing.	After	7	days,	the	dressing	and	sutures	are	removed.	The	esthetic	results	are	favorable	with
this	technique	since	the	donor	tissue	is	connective	tissue.	The	donor	site	heals	by	primary	intention,	with	considerably	less	discomfort	than	after	a	free	gingival	graft.	Other	techniques	have	been	described	to	harvest	subepithelial	connective	tissue	from	the	palate.	A	variant	of	the	subepithelial	connective	tissue	graft,	called	a	subpedicle	(bilaminar)
connective	tissue	graft,	was	described	by	Nelson	in	198	7.	This	technique	uses	a	pedicle	over	the	connective	tissue	that	covers	the	denuded	root	surface.	Therefore,	the	blood	supply	is	increased	over	the	donor	tissue	and	the	gingival	margin	is	thickened	for	better	marginal	stability.	Guided	Tissue	Regeneration	Technique	for	Root	Coverage	Pini	Prato
et	al	described	a	technique	based	on	the	principle	of	GTR	(Chapter	48)	Theoretically,	GTR	should	result	in	the	reconstruction	of	the	attachment	apparatus,	along	with	coverage	of	the	denuded	root	surface.	The	following	is	a	step-by-step	description	of	the	surgery	(Fig.	50	16):	Step	1.	A	full-thickness	flap	is	reflected	to	the	mucogingival	junction,
continuing	as	a	partial-thickness	flap	8	mm	apical	to	the	mucogingival	junction.	Step	2.	A	membrane	is	placed	over	the	denuded	root	surface	and	the	adjacent	tissue.	It	is	trimmed	and	adapted	to	the	root	surface	and	covers	at	least	2	mm	of	marginal	periosteum.	Step	3.	A	suture	is	passed	through	the	portion	of	the	membrane	that	will	cover	the	bone.
This	suture	is	knotted	on	the	exterior	and	tied	to	bend	the	membrane,	creating	a	space	between	the	root	and	the	membrane.	This	space	allows	for	the	growth	of	tissue	beneath	the	membrane.	Step	4.	The	flap	is	then	positioned	coronally	and	sutured.	Four	weeks	later,	a	small	envelope	flap	is	performed,	and	the	membrane	is	carefully	removed.	The
flap	is	then	again	positioned	coronally,	to	protect	the	growing	tissue,	and	sutured.	One	week	later	these	sutures	are	removed.	Tinti	and	Vincenzi	used	titanium-reinforced	membranes	to	create	space	beneath	the	membrane.	Resorbable	membranes	have	also	been	used	to	achieve	root	coverage.	The	inability	to	create	space	between	the	resorbable
membrane	and	the	denuded	root	because	of	its	softness	may	present	a	problem,	even	though	not	needing	a	second	surgery	is	an	advantage.	Clinical	studies	comparing	this	technique	with	the	coronally	displaced	flap	have	shown	that	the	GTR	technique	is	better	when	the	recession	is	greater	than	4.	98	mm	apicocoronally.	Histologically,	one	case
reported	3.66	mm	of	new	connective	tissue	attachment	associated	with	2.48	mm	of	new	cementum	and	1.84	mm	of	bone	growth.	Pouch	and	Tunnel	Technique	(Coronally	Advanced	Tunnel	Technique)	To	minimize	incisions	and	the	reflection	of	flaps	and	to	provide	abundant	blood	supply	to	the	donor	tissue,	the	placement	of	the	subepithelial	donor
connective	tissue	into	pouches	beneath	papillary	tunnels	allows	for	intimate	contact	of	donor	tissue	to	the	recipient	site	(Fig.	50.17)	The	positioning	of	the	graft	in	the	pouch	and	through	the	tunnel	and	the	coronal	placement	of	588	PART	2	Clinical	Periodontics	FIGURE	50.15	Langer	technique	for	root	coverage.	A,	Preoperative	view.	Note	the
recession	on	teeth	#6	to	#8.	B,	Split-thickness	flap	elevated	on	teeth	#6	and	117.	Note	that	the	interdental	papillae	are	neither	included	in	the	flap,	nor	is	the	gingival	margin	area	of	tooth	118,	which	was	treated	by	means	of	a	coronally	displaced	flap.	C,	Connective	tissue	from	palate.	D,	graft	placed	under	the	flap	and	covering	receded	areas
approximately	to	the	cementoenamel	junction.	Sutures	in	place.	E,	Roots	covered	after	complete	healing.	Note	the	thickness	of	the	tissue	in	the	area	covered	and	excellent	color.	(Courtesy	Dr	T.J.	Han,	Los	Angeles.)	the	recessed	gingival	margins	completely	covers	the	donor	tissue.	Therefore	the	esthetic	result	is	excellent.	The	technique	is	especially
effective	for	the	anterior	maxillary	area	in	which	vestibular	depth	is	adequate	and	there	is	good	gingival	thickness.	One	of	the	advantages	to	this	technique	is	the	thickening	of	the	gingival	margin	after	healing.	The	thicker	gingival	margin	is	stable	to	allow	for	the	possibility	of	"creeping	reattachment"	of	the	margin.	The	use	of	small,	contoured	blades
enables	the	surgeon	to	incise	and	split	the	gingival	tissues	to	create	the	recipient	pouches	and	tunnels.	The	work	by	Azzi	et	al	in	this	area	of	surgery	has	contributed	to	a	better	understanding	of	the	technique	and	outcome	of	this	procedure.	This	surgery	is	also	referred	to	as	the	coronally	advanced	tunnel	technique.	Following	is	a	step-by-step
description	of	the	surgical	procedure	as	outlined	by	Azzi:	Step	1.	Preparation	of	the	patient	includes	plaque	control	instruction	and	careful	scaling	and	root	planing	several	weeks	before	the	surgical	procedure.	The	patient	is	instructed	to	rinse	for	3.0	s	with	chlorhexidine	gluconate	solution	0.12%.	Step	2.	After	adequate	anesthesia	of	the	region,	the
surgical	procedure,	as	follows,	is	performed.	Step	3.	Composite	material	stops	are	placed	at	the	contact	points	(temporary)	to	prevent	the	collapse	of	the	suspended	sutures	into	the	interproximal	spaces	before	the	surgery	Step	4.	Root	planing	of	the	exposed	root	surfaces	is	performed	using	Gracey	curettes.	Step	5.	Initial	sulcular	incisions	are	made
using	15c	and	12d	blades.	Small,	contoured	blades	(Fig.	50.17)	and	mini	curettes	are	used	to	create	the	recipient	pouches	and	tunnels.	Step	6.	On	the	buccal	aspect,	an	intrasulcular	incision	is	made	around	the	necks	of	the	teeth.	The	incision	is	extended	to	50	Periodontal	Plastic	and	Esthetic	Surgery	589	FIGURE	50.16	Guided	tissue	regeneration
technique	for	root	coverage.	A,	Marked	recession	of	maxillary	left	cuspid.	B,	Vertical	incisions	made	and	membrane	placed	over	recession.	C,	Flap	sutured	over	the	membrane.	D,	Postoperative	result.	Note	complete	coverage	of	recession.	(Courtesy	Dr	Zoran	Aleksic,	Belgrade,	Serbia.)	one	adjacent	tooth	both	mesially	and	distally	using	a	15c	blade.
This	incision	maintains	the	full	height	and	thickness	of	the	gingival	component	and	enables	access	beneath	the	buccal	gingiva	with	Gracey	curettes.	The	cutting	edge	is	directed	toward	the	bone	to	dissect	the	connective	tissue	beyond	the	mucogingival	line	and	free	the	buccal	flap	from	its	insertions	to	the	bone	around	each	tooth.	Step	7.	Muscle	fibers
and	any	remaining	collagen	fibers	on	the	inner	aspect	of	the	flap,	which	prevent	the	buccal	gingiva	from	being	moved	coronally,	are	cut	using	Gracey	curettes.	Step	8.	The	papillae	are	kept	intact	and	undermined	to	maintain	their	integrity	and	carefully	released	from	the	underlying	bone,	which	allows	the	coronal	positioning	of	the	papillae.	Step	9.	An
envelope,	full-thickness	pouch	and	tunnel	are	created	and	extended	apically	beyond	the	mucogingival	line	by	blunt	dissection	for	the	insertion	of	the	free	connective	tissue	graft	through	the	intrasulcular	incision.	Saline-moistened	gauze	is	placed	over	the	recipient	site.	Step	10.	The	size	of	the	pouch,	which	includes	the	area	of	the	denuded	root
surface,	is	measured	so	that	an	equivalent	size	donor	connective	tissue	can	be	procured	from	the	tuberosity	Step	11.	A	second	surgical	site	is	created	to	obtain	a	connective	tissue	graft	of	adequate	size	and	shape	to	be	placed	at	the	recipient	site.	The	connective	tissue	harvested	from	the	tuberosity	area	is	contoured	to	fit	into	the	recipient	tunnel	and
pouch.	Step	12.	A	mattress	suture	placed	at	one	end	of	the	graft	is	helpful	in	guiding	the	graft	through	the	sulcus	and	beneath	each	interdental	papilla.	The	border	of	the	tissue	is	gently	pushed	into	the	pouch	and	tunnel	using	tissue	forceps	and	a	packing	instrument.	The	graft	is	pushed	from	the	adjacent	tooth	on	one	side	of	the	surgical	area	to	the
adjacent	tooth	on	the	other	side.	Step	13.	A	mattress	suture	placed	on	one	end	of	the	graft	will	help	maintain	the	graft	in	position	while	the	buccal	tissue	covers	the	connective	tissue	graft.	This	connective	tissue	graft	is	anchored	to	the	inner	aspect	of	the	buccal	flap	in	the	interdental	papilla	area.	A	vertical	mattress	suture	is	used	to	hold	the
connective	tissue	in	position	beneath	the	gingiva.	The	connective	tissue	graft	is	completely	submerged	beneath	the	buccal	flap	and	the	papillae.	Step	14.	The	entire	gingivopapillary	complex	(buccal	gingiva	with	the	underlying	connective	tissue	graft	and	papillae)	is	coronally	positioned	using	a	horizontal	mattress	suture	anchored	at	the	incisal	edge	of
the	contact	area.	The	contact	areas	are	splinted	presurgically	using	a	composite	material.	Step	15.	Other	holding	sutures	may	be	placed	through	the	overlying	gingival	tissue	and	donor	tissue	to	the	underlying	periosteum	to	secure	and	stabilize	the	donor	tissue	and	the	overlying	gingiva	in	a	coronal	position.	The	area	is	not	covered	with	periodontal
dressing.	The	patient	is	instructed	to	rinse	daily	with	chlorhexidine	gluconate	and	to	avoid	touching	the	sutures	during	oral	hygiene	procedures.	Antibiotics	can	be	administered	(Amoxicillin	500	mg	3	times	a	day),	if	deemed	necessary	Other	Techniques.	In	the	last	few	years,	a	number	of	new	techniques	have	developed	particularly	for	multiple	root
coverage.	Some	of	them	have	been	enumerated	later.	The	reader	590	PART	2	Clinical	Periodontics	FIGURE	50.17	Pouch	and	tunnel	technique	for	root	coverage.	A,	Preoperative	view.	Note	gingival	recession.	B,	Sulcular	incision	is	made	from	the	mesial	to	the	facial	line	angles.	C,	A	tunnel	is	made	through	the	papilla	using	a	blunt	incision.	D,	A
connective	tissue	graft	is	taken	from	the	palate.	E,	The	connective	tissue	is	placed	through	the	papillary	tunnel	and	apically	beneath	the	pouch.	F,	The	facial	gingival	margin	covers	the	connective	tissue	using	horizontal	mattress	sutures	interdentally.	G,	Postoperative	view.	Note	complete	root	coverage	and	thickened	gingival	margin	at	3	months.
(Courtesy	Dr	Robert	R.	Azzi,	Paris.)	is	encouraged	to	go	through	the	relevant	literature	from	various	standard	international	journals	for	detailed	information.	•	•	•	•	•	•	vestibular	incision	subperiosteal	tunnel	access	(VISTA)	the	Pinhole	approach	Zuchellis	technique	use	of	a	cellular	dermal	matrix	(Fig.	50	.18).	5	mm),	plaque	control	measures	alone
are	insufficient	in	resolving	subgingival	infection	and	inflammation.	CONTROL	OF	ACTIVE	DISEASE	1.	2.	3.	4.	5.	6.	7.	Emergency	treatment	Extraction	of	hopeless	teeth	Oral	hygiene	instructions	Scaling	and	root	planing	Reevaluation	Periodontal	surgery	Adjunctive	orthodontic	therapy	PREPROSTHETIC	SURGERY	1.	2.	3.	4.	Management	of
mucogingival	problems	Preservation	of	ridge	morphology	after	tooth	extraction	Crown-lengthening	procedures	Alveolar	ridge	reconstruction	Sequence	of	Treatment	Treatment	sequencing	should	be	based	on	logical	and	evidenced-based	methodologies,	taking	into	account	not	only	the	disease	state	encountered	but	also	the	psychologic	and	esthetic
concerns	of	the	patient.	Because	periodontal	and	restorative	therapy	is	situational	and	specific	to	each	patient,	a	plan	must	be	adaptable	to	change	depending	on	the	variables	encountered	during	the	course	of	treatment.	For	example,	teeth	initially	determined	to	be	salvageable	may	be	judged	"hopeless,"	thus	altering	the	established	treatment
scheme.	Generally,	the	preparation	of	the	periodontium	for	restorative	dentistry	can	be	divided	into	two	phases:	(1)	control	of	periodontal	inflammation	with	nonsurgical	and	surgical	approaches	and	(2)	preprosthetic	periodontal	surgery	(Box	53	.1).	Control	of	Active	Disease	Periodontal	therapy	is	intended	to	control	active	disease.	In	addition	to	the
removal	of	root	surface	accretions	that	are	primary	etiologic	agents,	secondary	local	factors,	such	as	plaqueretentive	overhanging	margins	and	untreated	caries,	must	be	addressed.	Emergency	Treatment	Emergency	treatment	is	undertaken	to	alleviate	symptoms	and	stabilize	acute	infection.	This	includes	endodontic	as	well	as	periodontal	conditions.
Extraction	of	Hopeless	Teeth	Extraction	of	hopeless	teeth	is	followed	by	provisionalization	with	fixed	or	removable	prosthetics.	Retention	of	hopeless	teeth	without	periodontal	treatment	may	result	in	bone	loss	on	adjacent	teeth.	Restorative	margins	are	refined	and	provisional	restorations	refitted	after	the	completion	of	active	periodontal	therapy.
Oral	Hygiene	Measures	Oral	hygiene	measures,	when	properly	applied,	have	been	shown	to	reduce	plaque	scores	and	gingival	inflammation	(see	Chapter	35).	However,	in	patients	with	deep	periodontal	Scaling	and	Root	Planing	Scaling	and	root	planing	combined	with	oral	hygiene	measures	have	been	demonstrated	to	significantly	reduce	gingival
inflammation	and	the	rate	of	progression	of	periodontitis.	This	applies	even	to	patients	with	deep	periodontal	pockets.	Reevaluation	After	4	weeks	the	gingival	tissues	are	evaluated	to	determine	oral	hygiene	adequacy,	soft-tissue	response,	and	pocket	depth	(see	Chapter	34).	This	permits	sufficient	time	for	healing,	reduction	in	inflammation	and
pocket	depths,	and	gain	in	clinical	attachment	levels.	In	deeper	pockets	(>5	mm),	however,	plaque	and	calculus	removal	is	often	incomplete,	with	risk	of	future	breakdown.	As	a	result,	periodontal	surgery	to	access	the	root	surfaces	for	instrumentation	and	to	reduce	periodontal	pocket	depths	must	be	considered	before	restorative	care	may	proceed.
Periodontal	Surgery	Periodontal	surgery	may	be	required	for	some	patients.	This	should	be	undertaken	with	future	restorative	and	implant	dentistry	in	mind.	Some	procedures	are	intended	to	treat	active	disease	successfully,	and	some	are	aimed	at	the	preparation	of	the	mouth	for	restorative	or	prosthetic	care.	Adjunctive	Orthodontic	Therapy
Orthodontic	treatment	has	been	shown	to	be	a	useful	adjunctive	to	periodontal	therapy.	It	should	be	undertaken	only	after	active	periodontal	disease	has	been	controlled.	If	nonsurgical	treatment	is	sufficient,	definitive	periodontal	pocket	therapy	may	be	postponed	until	after	the	completion	of	orthodontic	tooth	movement.	This	allows	for	the
advantage	of	the	positive	bone	changes	that	orthodontic	therapy	can	provide.	However,	deep	pockets	and	furcation	invasions	may	require	surgical	access	for	root	instrumentation	in	advance	of	orthodontic	tooth	movement.	Failure	to	control	active	periodontitis	can	result	in	acute	exacerbations	and	bone	loss	during	tooth	movement.	As	long	as	they	are
periodontally	healthy,	teeth	with	preexisting	bone	loss	may	be	moved	orthodontically	without	incurring	additional	attachment	loss.	Soft	tissue-grafting	procedures	are	often	indicated	in	anticipation	of	orthodontic	therapy	to	increase	the	dimension	of	attached	tissue.	Biologic	Considerations	Margin	Placement	and	Biologic	Width	One	of	the	most
important	aspects	of	understanding	the	periodontal-restorative	relationship	is	the	location	of	the	restorative	margin	to	the	adjacent	gingival	tissue.	Restorative	clinicians	must	understand	the	role	of	biologic	width	in	preserving	healthy	gingival	tissues	and	controlling	the	gingival	form	around	restorations.	They	must	also	apply	this	information	in	the
positioning	of	restoration	margins,	especially	in	the	53	Periodontal-Restorative	Interrelationships	624.el	FIGURE	53.1	Connective	tissue	graft	placed	under	a	double-papilla	flap	has	been	used	to	provide	root	coverage	for	a	maxillary	right	canine.	A,	Maxillary	canine	before	therapy.	B,	Connective	tissue	graft	placed	over	denuded	root	surface.	C,	Papilla
placed	over	connective	tissue.	D,	Final	result.	Preprosthetic	Surgery	Management	of	Mucogingival	Problems	Periodontal	plastic	surgical	procedures	may	be	undertaken	for	a	variety	of	reasons.	The	most	common	techniques	include	those	that	increase	gingival	dimensions	and	achieve	root	coverage.	These	procedures	are	often	indicated	before
restoration	for	prosthetic	reasons	and	in	conjunction	with	orthodontic	tooth	movement.	Root	coverage	procedures	may	also	be	undertaken	for	purposes	of	comfort	and	esthetics	(Fig.	53.1).	At	least	2	months	of	healing	is	recommended	after	softtissue	grafting	procedures	before	initiating	restorative	dentistry.	Preservation	of	Ridge	Morphology	after
Tooth	Extraction	Alveolar	ridge	resorption	is	a	common	consequence	of	tooth	loss.	Ridge	preservation	procedures	have	been	shown	to	be	useful	in	anticipation	of	the	future	placement	of	a	dental	implant	or	pontic,	as	well	as	in	cases	where	unaided	healing	would	result	in	an	unesthetic	deformity.	Crown-Lengthening	Procedures	Surgical	crown-
lengthening	procedures	are	performed	to	provide	retention	form	to	allow	for	proper	tooth	preparation,	impression	procedures,	and	placement	of	restorative	margins	(Fig.	53	2)	and	to	adjust	gingival	levels	for	esthetics.	It	is	important	that	crown-lengthening	surgery	is	done	in	such	a	manner	that	the	biologic	width	is	preserved.	The	biologic	width	is
defined	as	the	physiologic	dimension	of	the	junctional	epithelium	and	connective	tissue	attachment.	This	measurement	has	been	found	to	be	relatively	constant	at	approximately	2	mm	(±30%).	The	healthy	gingival	sulcus	has	shown	an	average	depth	of	0.69	mm	(Fig.	53	3)	It	has	been	theorized	that	infringement	on	the	biologic	width	by	the	placement
of	a	restoration	within	its	zone	may	result	in	gingival	inflammation,	pocket	formation,	and	alveolar	bone	loss	(Fig.	53.4).	Consequently,	it	is	recommended	that	there	be	at	least	3.0	mm	between	the	gingival	margin	and	bone	crest.	This	allows	for	adequate	biologic	width	when	the	restoration	is	placed	0.5	mm	within	the	gingival	sulcus	(Fig.	53	5).
Surgical	crown	lengthening	may	include	the	removal	of	soft	tissue	or	both	soft	tissue	and	alveolar	bone.	Reduction	of	soft	tissue	alone	is	indicated	if	there	is	adequate	attached	gingiva	and	more	than	3	mm	of	tissue	coronal	to	the	bone	crest	(Fig.	53	6).	This	may	be	accomplished	by	either	gingivectomy	or	flap	technique.	Inadequate	attached	gingiva
and	less	than	3	mm	of	soft	tissue	require	a	flap	procedure	and	bone	recontouring	(Fig.	53.	7).	In	the	case	of	caries	or	tooth	fracture,	to	ensure	margin	placement	on	sound	tooth	structure	and	retention	form,	the	surgery	should	provide	at	least	4	mm	from	the	apical	extent	of	the	caries	or	fracture	to	the	bone	crest	(Fig.	53.8).	With	the	advent	of
predictable	implant	dentistry,	it	is	important	to	weigh	carefully	the	value	of	crown	lengthening	for	restorative	ease	as	opposed	to	tooth	removal	and	replacement	with	a	dental	implant	(Box	53	2).	Alveolar	Ridge	Reconstruction	Patients	are	frequently	seen	after	tooth	loss	and	alveolar	ridge	resorption	have	occurred.	To	provide	for	adequate	anatomic
dimensions	for	the	construction	of	an	esthetic	pontic	or	the	placement	of	dental	implants,	alveolar	ridge	reconstruction	is	undertaken.	In	the	case	of	esthetic	pontic	construction,	small	defects	may	be	treated	with	soft-tissue	ridge	augmentation	(Fig.	53.9).	For	larger	defects	and	in	those	sites	receiving	dental	implants,	hard	tissue	modalities	are	used.
624.e2	PART	2	Clinical	Periodontics	FIGURE	53.2	Surgical	crown	lengthening	has	provided	these	otherwise	unrestorable	mandibular	molars	with	improved	retention	and	restorative	access	for	successful	restorations.	A,	Before	crown	lengthening.	B,	Crown-lengthening	surgery	completed.	Note	increased	clinical	crown.	C,	Buccal	view	after	surgery.	D,
Final	restorations.	Gingival	sulcus	0.69	mm	Biologic	width	2.04	mm	Junctional	epithelium	0.97	mm	Connective	tissue	attachment	1.07	mm	Periodontal	__...__-1	ligament	Cementum	FIGURE	53.3	Estimation	of	biologic	width	that	comes	out	to	be	about	2	mm.	Efforts	should	be	made	to	preserve	its	integrity.	FIGURE	53.4	Importance	of	considering
infringement	of	biologic	width	must	even	though	gingival	inflammation	around	crowns	may	have	a	variety	of	causes.	53	Periodontal-Restorative	Interrelationships	Gingival	sulcus	0.69	mm	Biologic	width	2.04	mm	Junctional	epithelium	0.97	mm	.	r	Connective	issue	attachment	1.07	mm	a1---.---	---1'!:i:\	-j	Periodontal	ligament	f	\	Bone	624.e3	Bone
FIGURE	53.7	With	less	than	3	mm	of	soft	tissue	between	the	bone	and	gingival	margin,	or	less-than-adequate	attached	gingiva,	a	flap	procedure	and	osseous	recontouring	are	required	for	crown	lengthening.	Bone	FIGURE	53.5	Placement	of	the	restorative	margin	0.5	mm	into	the	sulcus,	which	allows	for	the	maintenance	of	the	biologic	width.	Bone
FIGURE	53.8	In	the	case	of	caries	or	fracture,	at	least	1	mm	of	sound	tooth	structure	should	be	provided	above	the	gingival	margin	for	proper	restoration.	fJ	}mm	__O	Bone	FIGURE	53.6	Greater	than	3	mm	of	soft	tissue	between	the	bone	and	gingival	margin,	with	adequate	attached	gingiva,	allowing	crown	lengthening	by	gingivectomy.	Lengthening
INDICATIONS	1.	Subgingival	caries	or	fracture.	2.	Inadequate	clinical	crown	length	for	retention.	3.	Unequal	or	unesthetic	gingival	heights.	CONTRAINDICATIONS	1.	Surgery	would	create	an	unesthetic	outcome.	2.	Deep	caries	or	fracture	would	require	excessive	bone	removal	on	contiguous	teeth.	3.	The	tooth	is	a	poor	restorative	risk.	624.e4	PART
2	Clinical	Periodontics	FIGURE	53.9	A,	Loss	of	the	maxillary	left	central	incisor	has	resulted	in	an	unesthetic	alveolar	ridge	defect.	B-E,	An	incision	is	made	at	ridge	crest,	a	pouch	is	created,	and	a	soft	tissue	graft	harvested	from	the	palate	is	placed	into	the	pouch.	F-H,	A	removable	appliance	with	an	ovate	pontic	is	placed	in	light	contact	with	the
grafted	site.	Swelling	around	the	pontic	apex	results	in	a	tissue	concavity	from	which	the	more	natural-appearing	final	restoration	emerges.	53	Periodontal-Restorative	Interrelationships	esthetic	zone	where	a	primary	treatment	goal	is	to	mask	the	junction	of	the	margin	with	the	tooth.	A	clinician	is	presented	with	three	options	for	margin	placement:
supragingival,	equigingival	(even	with	the	tissue),	and	subgingival.	The	supragingival	margin	has	the	least	impact	on	the	periodontium.	Classically,	this	margin	location	has	been	applied	in	unesthetic	areas	because	of	the	marked	contrast	in	color	and	opacity	of	traditional	restorative	materials	against	the	tooth.	With	the	advent	of	more	translucent
restorative	materials,	adhesive	dentistry,	and	resin	cements,	the	ability	to	place	supragingival	margins	in	esthetic	areas	is	now	a	reality.	Therefore,	whenever	possible,	these	restorations	should	be	chosen	not	only	for	their	esthetic	advantages	but	also	for	their	favorable	periodontal	impact.	The	use	of	equigingival	margins	traditionally	was	not
desirable	because	they	were	thought	to	retain	more	plaque	than	supragingival	or	subgingival	margins	and	therefore	result	in	greater	gingival	inflammation.	There	was	also	the	concern	that	any	minor	gingival	recession	would	create	an	unsightly	margin	display.	These	concerns	are	not	valid	today	not	only	because	the	restoration	margins	can	be
esthetically	blended	with	the	tooth	but	also	because	restorations	can	be	finished	easily	to	provide	a	smooth,	polished	interface	at	the	gingival	margin.	From	a	periodontal	viewpoint,	both	supragingival	and	equigingival	margins	are	well	tolerated.	The	greatest	biologic	risk	occurs	when	placing	subgingival	margins.	These	margins	are	not	as	accessible
as	supragingival	or	equigingival	margins	for	finishing	procedures.	In	addition,	if	the	margin	is	placed	too	far	below	the	gingival	tissue	crest,	it	violates	the	gingival	attachment	apparatus.	The	dimension	of	space	that	the	healthy	gingival	tissues	occupy	between	the	base	of	the	sulcus	and	the	underlying	alveolar	bone	is	comprised	of	the	junctional
epithelial	attachment	and	the	connective	tissue	attachment.	The	combined	attachment	width	is	now	identified	as	the	biologic	width.	It	was	found	that,	in	the	average	human,	the	connective	tissue	attachment	occupies	1.07	mm	of	space	above	the	crest	of	the	alveolar	bone	and	that	the	junctional	epithelial	attachment	below	the	base	of	the	gingival
sulcus	occupies	another	0.97	mm	of	space	above	the	connective	tissue	attachment.	The	combination	of	these	two	measurements,	averaging	approximately	1	mm	each,	constitutes	the	biologic	width.	The	biologic,	or	attachment,	width	can	be	identified	for	the	individual	patient	by	probing	to	the	bone	level	(referred	to	as	"sounding	to	bone")	and
subtracting	the	sulcus	depth	from	the	resulting	measurement.	This	measurement	must	be	done	on	teeth	with	healthy	gingival	tissues	and	should	be	repeated	on	more	than	one	tooth	to	ensure	an	accurate	assessment.	The	technique	allows	the	variations	in	sulcus	depths	found	in	individual	patients	to	be	assessed	and	factored	into	the	diagnostic
evaluation.	The	information	obtained	is	then	used	for	definitive	diagnosis	of	biologic	width	violations,	the	extent	of	correction	needed,	and	the	parameters	for	placement	of	future	restorations.	Restorative	considerations	frequently	dictate	the	placement	of	restoration	margins	beneath	the	gingival	tissue	crest.	Restorations	may	need	to	be	extended
gingivally	(1)	to	create	adequate	resistance	and	retentive	form	in	the	preparation,	(2)	to	make	significant	contour	alterations	because	of	caries	or	other	tooth	deficiencies,	or	(3)	to	mask	the	tooth-restoration	interface	by	locating	it	subgingivally.	When	the	restoration	margin	is	placed	too	far	below	the	gingival	tissue	crest,	it	impinges	on	the	gingival
attachment	apparatus	and	create	a	violation	of	625	FIGURE	53.10	Ramifications	of	a	biologic	width	violation	if	a	restorative	margin	is	placed	within	the	zone	of	the	attachment.	On	the	mesial	surface	of	the	left	central	incisor,	bone	has	not	been	lost,	but	gingival	inflammation	occurs.	On	the	distal	surface	of	the	left	central	incisor,	bone	loss	has
occurred,	and	a	normal	biologic	width	has	been	reestablished.	biologic	width.	Two	different	responses	can	be	observed	from	the	involved	gingival	tissues	(Fig.	53	10).	One	possibility	is	that	bone	loss	of	an	unpredictable	nature	and	gingival	tissue	recession	occurs	as	the	body	attempts	to	recreate	room	between	the	alveolar	bone	and	the	margin	to
allow	space	for	tissue	reattachment.	This	is	more	likely	to	occur	in	areas	in	which	the	alveolar	bone	surrounding	the	tooth	is	very	thin	in	width.	Trauma	from	restorative	procedures	can	play	a	major	role	in	causing	this	fragile	tissue	to	recede.	Other	factors	that	may	impact	the	likelihood	of	recession	include	(1)	whether	the	gingiva	is	thick	and	fibrotic
or	thin	and	fragile	and	(2)	whether	the	periodontium	is	highly	scalloped	or	flat	in	its	gingival	form.	It	has	been	found	that	highly	scalloped,	thin	gingiva	is	more	prone	to	recession	than	a	flat	periodontium	with	thick	fibrous	tissue.	The	more	common	finding	with	deep	margin	placement	is	that	the	bone	level	appears	to	remain	unchanged,	but	gingival
inflammation	develops	and	persists.	To	restore	gingival	tissue	health,	it	is	necessary	to	establish	space	clinically	between	the	alveolar	bone	and	the	margin.	This	can	be	accomplished	either	by	surgery	to	alter	the	bone	level	or	by	orthodontic	extrusion	to	move	the	restoration	margin	farther	away	from	the	bone	level.	Biologic	Width	Evaluation
Radiographic	interpretation	can	identify	interproximal	violations	of	biologic	width.	However,	with	the	more	common	locations	on	the	mesiofacial	and	distofacial	line	angles	of	teeth,	radiographs	are	not	diagnostic	because	of	tooth	superimposition.	If	a	patient	experiences	tissue	discomfort	when	the	restoration	margin	levels	are	being	assessed	with	a
periodontal	probe,	it	is	a	good	indication	that	the	margin	extends	into	the	attachment	and	that	a	biologic	width	violation	has	occurred.	A	more	positive	assessment	can	be	made	clinically	by	measuring	the	distance	between	the	bone	and	the	restoration	margin	using	a	sterile	periodontal	probe.	The	probe	is	pushed	through	the	anesthetized	attachment
tissues	from	the	sulcus	to	the	underlying	bone.	If	this	distance	is	less	than	2	mm	at	one	or	more	locations,	a	diagnosis	of	biologic	width	violation	can	be	confirmed.	This	assessment	is	completed	circumferentially	around	the	tooth	to	evaluate	the	extent	of	the	problem.	53	Periodontal-Restorative	Interrelationships	Correcting	Biologic	Width	Violations
Biologic	width	violations	can	be	corrected	either	by	surgically	removing	bone	away	from	proximity	to	the	restoration	margin	or	by	orthodontically	extruding	the	tooth	and	thus	moving	the	margin	away	from	the	bone.	Surgery	is	the	more	rapid	of	the	two	treatment	options.	It	is	also	preferred	if	the	resulting	crown	lengthening	creates	a	more	pleasing
tooth	length.	In	these	situations,	the	bone	should	be	moved	away	from	the	margin	by	the	measured	distance	of	the	ideal	biologic	width	for	that	patient,	with	an	additional	0.5	mm	of	bone	removed	as	a	safety	zone.	There	is	a	potential	risk	of	gingival	recession	after	removal	of	bone.	If	interproximal	bone	is	removed,	there	is	a	high	likelihood	of	papillary
recession	and	the	creation	of	an	unesthetic	triangle	of	space	below	the	interproximal	contacts.	If	the	biologic	width	violation	is	on	the	interproximal	side,	or	if	the	625.el	violation	is	across	the	facial	surface	and	the	gingival	tissue	level	is	correct,	orthodontic	extrusion	is	indicated.	The	extrusion	can	be	performed	in	two	ways.	(1)	By	applying	low
orthodontic	extrusion	force,	the	tooth	will	erupt	slowly,	bringing	the	alveolar	bone	and	gingival	tissue	with	it.	The	tooth	is	extruded	until	the	bone	level	has	been	carried	coronal	to	the	ideal	level	by	the	amount	that	needs	to	be	removed	surgically	to	correct	the	attachment	violation.	The	tooth	is	stabilized	in	this	new	position	and	then	is	treated	with
surgery	to	correct	the	bone	and	gingival	tissue	levels.	Another	option	is	to	perform	rapid	orthodontic	extrusion	where	the	tooth	is	erupted	to	the	desired	amount	over	several	weeks.	During	this	period,	a	supracrestal	fiberotomy	is	performed	circumferentially	around	the	tooth	weekly	in	an	effort	to	prevent	the	tissue	and	bone	from	following	the	tooth.
The	tooth	is	then	stabilized	for	at	least	12	weeks	to	confirm	the	position	of	the	tissue	and	bone,	and	any	coronal	creep	can	be	corrected	surgically.	626	PART	2	Clinical	Periodontics	Margin	Placement	Guidelines	When	determining	where	to	place	restorative	margins	relative	to	the	periodontal	attachment,	it	is	recommended	that	the	patient's	existing
sulcular	depth	be	used	as	a	guideline	in	assessing	the	biologic	width	requirement	for	that	patient.	The	base	of	the	sulcus	can	be	viewed	as	the	top	of	the	attachment,	and	therefore	the	clinician	accounts	for	variations	in	attachment	height	by	ensuring	that	the	margin	is	placed	in	the	sulcus	and	not	in	the	attachment.	The	variations	in	sulcular	probing
depth	are	then	used	to	predict	how	deep	the	margin	can	safely	be	placed	below	the	gingival	crest.	With	shallow	probing	depths	(1.0-1.5	mm),	extending	the	preparation	more	than	0.5	mm	subgingivally	risks	violating	the	attachment.	This	assumes	that	the	periodontal	probe	will	penetrate	into	the	junctional	epithelial	attachment	in	healthy	gingiva	an
average	of	0.5	mm.	With	shallow	probing	depths,	future	recession	is	unlikely	because	the	free	gingival	margin	is	located	close	to	the	top	of	the	attachment.	Deeper	sulcular	probing	depths	provide	more	freedom	in	locating	restoration	margins	farther	below	the	gingival	crest.	In	most	circumstances,	however,	the	deeper	the	gingival	sulcus,	the	greater
is	the	risk	of	gingival	recession.	Provisional	Restorations	Three	critical	areas	must	be	effectively	managed	to	produce	a	favorable	biologic	response	to	provisional	restorations.	The	marginal	fit,	crown	contour,	and	surface	finish	of	the	interim	restorations	must	be	appropriate	to	maintain	the	health	and	position	of	the	gingival	tissues	during	the	interval
until	the	final	restorations	are	delivered.	Provisional	restorations	that	are	poorly	adapted	at	the	margins,	that	are	overcontoured	or	undercontoured,	and	that	have	rough	or	porous	surfaces	can	cause	inflammation,	overgrowth,	or	recession	of	gingival	tissues.	The	outcome	can	be	unpredictable,	and	unfavorable	changes	in	the	tissue	architecture	can
compromise	the	success	of	the	final	restoration.	dentist,	which	forces	the	technician	to	produce	a	bulky	restoration	to	provide	room	for	the	restorative	material.	In	areas	of	the	mouth	in	which	esthetic	considerations	are	not	critical,	a	flatter	contour	is	always	acceptable.	Subgingival	Debris	Leaving	debris	below	the	tissue	during	restorative	procedures
can	create	an	adverse	periodontal	response.	The	cause	can	be	retraction	cord,	impression	material,	provisional	material,	or	either	temporary	or	permanent	cement.	The	diagnosis	of	debris	as	the	cause	of	gingival	inflammation	can	be	confirmed	by	examining	the	sulcus	surrounding	the	restoration	with	an	explorer,	removing	any	foreign	bodies,	and
then	monitoring	the	tissue	response.	It	may	be	necessary	to	provide	tissue	anesthesia	for	patient	comfort	during	the	procedure.	Hypersensitivity	to	Dental	Materials	Inflammatory	gingival	responses	have	been	reported	related	to	the	use	of	nonprecious	alloys	in	dental	restorations.	Typically,	the	responses	have	occurred	to	alloys	containing	nickel
although	the	frequency	of	these	occurrences	is	controversial.	Hypersensitivity	responses	to	precious	alloys	are	extremely	rare,	and	these	alloys	provide	an	easy	solution	to	the	problems	encountered	with	the	nonprecious	alloys.	More	importantly,	tissues	respond	more	to	the	differences	in	surface	roughness	of	the	material	rather	than	to	the
composition	of	the	material.	The	rougher	the	surface	of	the	restoration	subgingivally,	the	greater	are	the	plaque	accumulation	and	gingival	inflammation.	In	clinical	research,	porcelain,	highly	polished	gold,	and	highly	polished	resin	all	show	similar	plaque	accumulation.	Regardless	of	the	restorative	material	selected,	a	smooth	surface	is	essential	on
all	materials	subgingivally.	Esthetic	Tissue	Management	Managing	lnterproximal	Embrasures	Marginal	Fit	Marginal	fit	has	clearly	been	implicated	in	producing	an	inflammatory	response	in	the	periodontium.	It	has	been	shown	that	the	level	of	gingival	inflammation	can	increase	corresponding	with	the	level	of	marginal	opening.	Margins	that	are
significantly	open	(several	tenths	of	a	millimeter)	are	capable	of	harboring	large	numbers	of	bacteria	and	may	be	responsible	for	the	inflammatory	response	seen.	However,	the	quality	of	marginal	finish	and	the	margin	location	relative	to	the	attachment	are	much	more	critical	to	the	periodontium	than	the	difference	between	a	20-	and	a	100-µm	fit.
Crown	Contour	Restoration	contour	has	been	described	as	extremely	important	to	the	maintenance	of	periodontal	health.	Ideal	contour	provides	access	for	hygiene,	has	the	fullness	to	create	the	desired	gingival	form,	and	has	a	pleasing	visual	tooth	contour	in	esthetic	areas.	Evidence	from	human	and	animal	studies	clearly	demonstrates	a	relationship
between	overcontouring	and	gingival	inflammation,	whereas	undercontouring	produces	no	adverse	periodontal	effect.	The	most	frequent	cause	of	overcontoured	restorations	is	inadequate	tooth	preparation	by	the	Current	restorative	and	periodontal	therapy	must	consider	a	good	esthetic	result,	especially	in	the	maxillary	anterior	"esthetic	zone."	The
interproximal	papilla	is	a	very	important	part	in	creating	this	esthetic	result.	The	interproximal	embrasure	created	by	restorations	and	the	form	of	the	interdental	papilla	have	a	unique	and	intimate	relationship.	The	ideal	interproximal	embrasure	should	house	the	gingival	papilla	without	impinging	on	it	and	should	also	extend	the	interproximal	tooth
contact	to	the	top	of	the	papilla	so	that	no	excess	space	exists	to	trap	food	and	to	be	esthetically	displeasing.	Papillary	height	is	established	by	the	level	of	the	bone,	the	biologic	width,	and	the	form	of	the	gingival	embrasure.	Changes	in	the	shape	of	the	embrasure	can	impact	the	height	and	form	of	the	papilla.	The	tip	of	the	papilla	behaves	differently
than	the	free	gingival	margin	on	the	facial	aspect	of	the	tooth.	Whereas	the	free	gingival	margin	averages	3	mm	above	the	underlying	facial	bone,	the	tip	of	the	papilla	averages	4.5-5.0	mm	above	the	interproximal	bone	(Fig.	53.31).	This	means	that	if	the	papilla	is	farther	above	the	bone	than	the	facial	tissue	but	has	th	e	same	biologic	width,	the
interproximal	area	will	have	a	sulcus	1.0-1.5	mm	deeper	than	that	found	on	the	facial	surface.	53	Periodontal-Restorative	Interrelationships	626.el	Clinical	Procedures	in	Margin	Placement	The	first	step	in	using	sulcus	depth	as	a	guide	in	margin	placement	is	to	manage	gingival	health.	Once	the	tissue	is	healthy,	the	following	three	rules	can	be	used	to
place	intracrevicular	margins:	Rule	1:	If	the	sulcus	probes	1.	5	mm	or	less,	place	the	restoration	margin	0.5	mm	below	the	gingival	tissue	crest.	This	is	especially	important	on	the	facial	aspect	and	will	prevent	a	biologic	width	violation	in	a	patient	who	is	at	high	risk	in	that	regard.	Rule	2:	If	the	sulcus	probes	more	than	1.5	mm,	place	the	margin	half
the	depth	of	the	sulcus	below	the	tissue	crest.	This	places	the	margin	far	enough	below	tissue,	so	that	it	will	still	be	covered	if	the	patient	is	at	higher	risk	of	recession.	Rule	3:	If	a	sulcus	greater	than	2	mm	is	found,	especially	on	the	facial	aspect	of	the	tooth,	evaluate	to	see	if	a	gingivectomy	could	be	performed	to	lengthen	the	teeth	and	create	a	1.5-
mm	sulcus.	Then	the	patient	can	be	treated	using	Rule	1.	The	rationale	for	Rule	3	is	that	deep	margin	placement	is	more	difficult	and	the	stability	of	the	free	gingival	margin	is	less	predictable	when	a	deep	sulcus	exists.	Reducing	the	sulcus	depth	creates	a	more	predictable	situation	in	which	to	place	an	intracrevicular	margin.	The	clinician	cannot	be
sure	that	the	tissue	will	remain	at	the	corrected	level,	however,	because	some	gingival	rebound	can	occur	after	gingivectomy.	However,	sulcular	depth	reduction	ensures	that	the	restorative	margins	will	not	be	exposed	and	visible	in	the	patient's	mouth	(Figs.	53	11-5315)	The	placement	of	supragingival	or	equigingival	margins	is	simple	because	it
requires	no	tissue	manipulation.	With	regard	to	overall	tooth	preparation,	the	amount	reduced	incisally	or	occlusally,	facially,	lingually,	and	interproximally	is	dictated	by	the	choice	of	restorative	materials.	Before	extending	subgingivally,	the	preparation	should	be	completed	to	the	free	gingival	margin	facially	and	interproximally.	This	allows	the
margin	of	the	tooth	preparation	to	be	used	as	a	reference	for	subgingival	extension	once	the	tissue	is	retracted.	FIGURE	53.11	A	78-year-old	woman	presents	with	the	maxillary	anterior	restorations	placed	6	months	earlier.	She	is	unhappy	with	the	exposed	margins	and	notes	that	the	margins	were	covered	the	day	the	restorations	were	placed	(see
Figs.	53.11-53.15).	FIGURE	53.12	Depth	from	the	attachment	to	the	level	of	the	preparation	margin	is	greater	than	3	mm.	This	patient	in	Figure	53.11	had	an	altered	eruption	pattern	and	a	sulcus	depth	of	more	than	3	mm	when	these	restorations	were	placed.	FIGURE	53.13	Two	available	options	to	manage	treatment	appropriately.	(1)	place	the
original	margins	to	half	the	depth	of	the	sulcus,	in	which	case	the	recession	that	occurred	would	not	have	exposed	them.	(2)	Perform	a	gingivectomy,	creating	a	1-	to	1.5-mm	sulcus.	The	second	option	was	chosen	when	the	restorations	were	redone.	The	margins	were	then	placed	0.5	mm	below	the	tissue	after	the	gingivectomy	(see	Figures	53.12	and
53.14).	FIGURE	53.14	At	6	weeks	after	the	gingivectomy	and	preparation	of	the	teeth.	Note	the	tissue	level	and	that	the	tissue	is	rebounding	coronally	over	the	margins.	This	is	a	common	finding	when	a	pure	gingivectomy	is	done.	626.e2	PART	2	Clinical	Periodontics	\\	\~	·~,\	'	\	I	'	FIGURE	53.15	A	4-year	recall	photograph	after	placement	of	the	final
restorations	for	patient	in	Figure	53.11.	Note	the	tissue	level	has	been	maintained,	with	a	sulcus	depth	of	2	mm	on	the	facial	surface.	I	FIGURE	53.17	Margin	of	the	preparation	extended	apically	to	the	top	of	the	retraction	cord.	This	represents	the	correct	placement	of	the	margin	below	the	previously	nonreflected,	free	gingival	margin.	Tissue
Retraction	Once	the	supragingival	portion	of	the	preparation	is	completed,	it	is	necessary	to	extend	below	the	tissue.	The	preparation	margin	must	now	be	extended	to	the	appropriate	depth	in	the	sulcus,	applying	the	guidelines	presented	previously	In	this	process	the	tissue	must	be	protected	from	abrasion,	which	will	cause	hemorrhage	and	can
adversely	affect	the	stability	of	the	tissue	level	around	the	tooth.	Access	to	the	margin	is	also	required	for	the	final	impression,	with	a	clean,	fluid-controlled	environment.	Tissue	management	is	achieved	with	gingival	retraction	cords	using	the	appropriate	size	to	achieve	the	displacement	required.	Thin,	fragile	gingival	tissues	and	shallow	sulcus
situations	usually	dictate	that	smaller	diameter	cords	be	chosen	to	achieve	the	desired	tissue	displacement.	For	a	Rule	1	margin	(sulcus	depth	1.5	mm	or	less),	the	cord	should	be	placed	so	that	the	top	of	the	cord	is	located	in	the	sulcus	at	the	level	in	which	the	final	margin	is	to	be	established,	which	will	be	0.5	mm	below	the	previously	prepared
margin	(Fig.	53.16).	On	the	interproximal	aspects	of	the	tooth,	the	cord	is	usually	1.0-1.5	mm	below	the	tissue	height	because	the	interproximal	sulcus	is	often	2.5-3.0	mm	in	depth.	With	this	initial	cord	in	place,	the	preparation	is	extended	to	the	top	of	the	cord,	with	the	bur	angled	to	the	'	~,	FIGURE	53.16	Second	step	in	margin	placement.	This	step
includes	placing	a	single	layer	of	deflection	cord	below	the	previously	prepared	margin	to	the	desired	final	margin	level.	Here,	a	single	cord	has	been	placed	0.5	mm	below	the	previously	prepared	margin.	'	~,	FIGURE	53.18	Placing	a	second	impression	cord	on	top	of	the	first	deflection	cord	to	provide	space	for	impression	material.	This	impression
cord	is	placed	so	that	it	is	between	the	margin	of	the	preparation	and	the	gingiva	to	create	adequate	space	for	impression	material	after	removal	of	the	cord.	tooth	so	that	it	does	not	abrade	the	tissue	(Fig.	53	17)	This	process	protects	the	tissue,	creates	the	correct	axial	reduction,	and	establishes	the	margin	at	the	desired	subgingival	level.	To	create
space	and	allow	access	for	a	final	impression,	it	is	now	necessary	to	pack	a	second	retraction	cord.	The	second	cord	is	pushed	so	that	it	displaces	the	first	cord	apically	and	sits	between	the	margin	and	the	tissue	(Fig.	53.18).	For	the	final	impression,	only	the	top	cord	is	removed,	leaving	the	margins	visible	and	accessible	to	be	recorded	with	the
impression	material	(Fig.	53.19).	The	initial	cord	remains	in	place	in	the	sulcus	until	the	provisional	restoration	is	completed.	As	an	alternative	to	additional	retraction	cords,	electrosurgery	can	be	used	to	remove	any	overlying	tissue	in	the	retraction	process.	A	fine-wire	electrode	tip	is	held	parallel	to	the	tooth	and	against	the	margin	in	the	sulcus	and
moved	through	the	overhanging	tissue,	opening	up	the	margin	and	the	retraction	cord	to	visual	access	(Figs.	53.20-53.23).	The	electrosurgery	tip	sits	on	top	of	the	retraction	cord	in	place	in	the	sulcus.	This	controls	the	vertical	position	of	the	tip	and	results	in	the	removal	of	the	least	tissue	needed	for	access.	For	Rule	2	situations	in	which	the	sulcus	is
deeper,	two	larger-diameter	cords	are	used	to	deflect	the	tissue	before	extending	the	margin	apically	(Figs.	53.24-53.26).	The	top	of	the	second	cord	is	placed	to	identify	the	final	margin	location	53	Periodontal-Restorative	Interrelationships	\	626.e3	',	FIGURE	53.19	Ideal	situation	after	removal	of	impression	cord.	The	deflection	cord	is	still	in	place
maintaining	the	open	sulcus	but	has	been	displaced	apically	another	0.5	mm	by	the	placement	of	the	impression	cord,	exposing	tooth	structure	apical	to	the	margin	so	that	it	can	be	captured	in	the	impression.	FIGURE	53.20	Deflection	cord	and	impression	cord	are	in	place.	The	soft	tissue	is	falling	over	the	margins	of	the	preparation.	In	this	situation,
if	the	impression	cord	were	removed,	the	impression	would	not	capture	the	margins	in	the	areas	in	which	the	tissue	is	overhanging.	FIGURE	53.21	Overhanging	tissue	has	been	removed	and	space	created	for	the	impression	material	with	electrosurgery.	Note	that	the	deflection	cord	and	the	impression	cord	are	still	in	place.	The	impression	cord	is
now	visible	completely	around	the	tooth,	allowing	easy	access	for	the	impression	material	to	the	margin	after	removal	of	the	impression	cord.	FIGURE	53.22	Using	electrosurgery,	the	fine-wire	electrode	tip	held	parallel	to	the	tooth	preparation	and	rests	on	the	cord	as	the	tip	is	moved	around	the	tooth.	FIGURE	53.23	After	removal	of	the	impression
cord,	an	adequate	space	is	created	for	the	impression	material,	with	no	soft	tissue	overhanging	the	margins	to	trap	or	tear	the	impression	material.	Note	the	first	cord,	or	deflection	cord,	is	still	in	place.	•..	..	I	FIGURE	53.24	First	step	in	margin	placement	for	the	patient	with	altered	eruption	or	a	deep	sulcus	is	to	prepare	to	the	existing	free	gingival
margin,	as	in	the	"Rule	111	patient	(see	text).	626.e4	PART	2	Clinical	Periodontics	at	the	correct	distance	below	the	previously	prepared	margin,	which	was	at	the	gingival	tissue	crest	level.	The	margin	is	lowered	to	the	top	of	the	second	cord	(Fig.	53	27),	then	a	third	cord	is	placed	in	preparation	for	the	impression	(Figs.	53.28	and	53.29).	In	the
patient	with	a	deep	sulcus	in	which	the	margin	may	be	1.5-2.0	mm	below	the	tissue	crest,	electrosurgery	is	often	required	to	remove	overhanging	tissue.	To	avoid	altering	the	gingival	tissue	height,	it	is	important	to	hold	the	electrosurgery	tip	parallel	to	the	preparation	(Fig.	53	30)	'	,,	FIGURE	53.27	Preparation	is	now	extended	to	the	top	of	the
second	deflection	cord,	finalizing	margin	location.	',	FIGURE	53.25	Second	step	for	the	patient	with	altered	eruption	is	to	place	the	deflection	cord.	Note	that	the	placement	of	a	single	deflection	cord	does	not	provide	adequate	deflection	of	the	tissue	to	allow	the	margin	to	be	carried	below	tissue	without	abrading	the	gingiva	with	the	bur.	'	',	FIGURE
53.28	After	extension	of	the	margin	to	the	top	of	the	deflection	cord,	a	third	layer	of	cord	is	applied	that	will	act	as	the	impression	cord.	This	impression	cord	should	be	placed	so	that	it	fits	between	the	free	gingival	margin	and	the	margin	of	the	preparation.	Its	placement	will	also	apically	displace	the	two	previously	positioned	deflection	cords.	I	1,	I	I,
I	I:	\\.t	,'	',	FIGURE	53.26	Third	step	for	the	patient	with	altered	eruption	and	a	deep	sulcus	is	to	place	a	second,	larger-diameter	deflection	cord	on	top	of	the	first	deflection	cord.	Combined,	these	two	cords	allow	adequate	deflection	to	open	up	the	sulcus	so	that	the	margin	can	be	carried	below	tissue	without	abrading	the	gingiva.	'\	'	',	FIGURE	53.29
Removal	of	the	impression	cord	creates	an	adequate	space	for	the	impression	material	to	capture	the	margin	and	0.5	mm	of	tooth	structure	below	the	margin	in	which	the	impression	cord	had	displaced	the	first	two	cords.	53	Periodontal-Restorative	Interrelationships	(A)	(B)	FIGURE	53.30	If	it	is	necessary	to	use	electrosurgery,	either	in	the	normal	or
altered-eruption	patient,	the	correct	inclination	of	the	electrosurgery	tip	is	important.	A,	Electrosurgery	tip	being	held	parallel	to	the	preparation	and	resting	on	the	previously	placed	retraction	cord.	This	removes	a	minimal	amount	of	tissue,	and	the	presence	of	the	retraction	cord	protects	the	attachment	from	the	electrosurgery.	B,	Incorrect
inclination	of	electrosurgery	tip.	The	tip	is	leaning	away	from	the	preparation.	This	inclination	results	in	excess	tissue	removal.	626.eS	53	Periodontal-Restorative	Interrelationships	Bone	scallop	3.0	mm	avg.	1	627	_	-	_,_	-r--------~	Soft	tissue	scallop	4.5	mm	avq,	.	(A)	FIGURE	53.31	Comparison	of	the	behavior	of	the	interproximal	papilla	relative	to	bone
and	the	free	gingival	margin	relative	to	bone	in	the	average	human.	There	is	a	3-mm	scallop	from	the	facial	bone	to	the	interproximal	bone.	However,	on	average,	a	4.5-	to	5.0-mm	gingival	scallop	exists	between	the	facial	tissue	height	and	the	interproximal	papilla	height.	This	extra	scallop	of	1.5-2.0	mm	of	gingiva	compared	with	bone	is	the	result	of
the	extra	soft-tissue	height	above	the	attachment	interproximal	ly.	When	the	gingival	level	of	the	interproximal	tooth	contacts	measured	5	mm	or	less	to	the	alveolar	bone,	the	papilla	always	filled	the	space.	When	the	contact	was	6	mm	from	bone,	only	56%	of	the	papillae	could	fill	the	space.	Finally,	when	the	contact	was	7	mm	from	bone,	only	37%	of
the	papillae	could	fill	the	spaces.	Knowing	that	there	is	individual	variability	to	the	required	biologic	width,	this	information	relative	to	the	papilla	is	applied	by	locating	the	lowest	point	of	the	interproximal	contact	in	relation	to	the	top	of	the	epithelial	attachment.	The	ideal	contact	should	be	2-3	mm	coronal	to	the	attachment,	which	coincides	with	the
depth	of	the	average	interproximal	sulcus.	As	in	assessing	the	facial	tissues	for	margin	location,	this	technique	requires	that	the	tissue	is	healthy	to	allow	accurate	probing.	If	the	sulcus	measures	greater	than	3	mm,	there	is	some	risk	of	papillary	recession	with	restorative	procedures.	The	clinician	most	frequently	confronts	a	normal	or	shallow	sulcus
with	a	papilla	that	appears	too	short	rather	than	a	tall	papilla	with	a	deep	sulcus.	Management	of	this	situation	is	best	approached	by	viewing	the	papilla	as	a	balloon	of	a	certain	volume	that	sits	on	the	attachment.	This	balloon	of	tissue	has	a	form	and	height	dictated	by	the	gingival	embrasure	of	the	teeth.	With	an	embrasure	that	is	too	wide,	the
balloon	flattens	out,	assumes	a	blunted	shape,	and	has	a	shallow	sulcus	(Fig.	53.32).	If	the	embrasure	is	the	ideal	width,	the	papilla	assumes	a	pointed	form,	has	a	sulcus	of	2.5-3.0	mm,	and	is	healthy.	If	the	embrasure	is	too	narrow,	the	papilla	may	grow	out	to	(A)	(B)	(B)	FIGURE	53.32	Relationship	between	gingival	embrasure	volume	and	papillary
form.	A,	gingival	embrasure	of	the	teeth	is	excessively	large	as	the	result	of	a	tapered	tooth	form.	Because	of	the	large	embrasure	form,	the	volume	of	tissue	sitting	on	top	of	the	attachment	is	not	molded	to	the	shape	of	a	normal	papilla	but	rather	has	a	blunted	form	and	a	shallower	sulcus.	B,	Ideal	tooth	form	in	which	the	same	volume	of	tissue	sits	on
top	of	the	attachment	as	in	A.	Because	of	the	more	closed	embrasure	form	from	the	teeth	in	B,	however,	the	papilla	completely	fills	the	embrasure	and	has	a	deeper	sulcus,	averaging	2.5-3.0	mm.	Note	that	the	ideal	contact	position	is	3	mm	coronal	to	the	attachment.	the	facial	and	lingual,	form	a	col,	and	become	inflamed.	This	information	is	applied
when	evaluating	an	individual	papilla	with	an	open	embrasure.	The	papilla	in	question	is	compared	to	the	adjacent	papillae.	If	the	papillae	are	all	on	the	same	level,	and	if	the	other	areas	do	not	have	open	embrasures,	the	problem	is	one	of	gingival	embrasure	form.	If	the	papilla	in	the	area	of	concern	is	apical	to	the	adjacent	papillae,	however,	the
clinician	should	evaluate	the	interproximal	bone	levels.	If	the	bone	under	that	papilla	is	apical	to	the	adjacent	bone	levels,	the	problem	is	caused	by	bone	loss.	If	the	bone	is	at	the	same	level,	the	open	embrasure	is	caused	by	the	embrasure	form	of	the	teeth	and	not	a	periodontal	problem	with	the	papilla.	Pontic	Design	Classically,	there	are	four
options	to	consider	in	evaluating	pontic	design:	sanitary,	ridge-lap,	modified	ridge-lap,	and	ovate	designs	(Fig.	53.34).	Regardless	of	design,	the	pontic	should	provide	an	occlusal	surface	that	stabilizes	the	opposing	teeth,	allows	for	normal	mastication,	and	does	not	overload	the	abutment	teeth.	The	restorative	material	for	all	four	designs	can	be
glazed	porcelain,	polished	gold,	or	polished	resin.	The	biologic	response	of	the	tissue	in	contact	with	the	restoration	is	no	different	in	regard	to	the	material	chosen,	as	long	as	it	has	a	smooth	surface	finish.	The	key	differences	between	the	four	pontic	designs	relate	to	the	esthetics	and	access	for	hygiene	procedures.	The	(C)	(D)	FIGURE	53.34	Four
options	to	designing	the	shape	of	a	pontic.	A,	Sanitary	pontic.	tissue	surface	of	the	pontic	is	3	mm	from	the	underlying	ridge.	B,	Ridge-lap	pontic.	Tissue	surface	of	the	pontic	straddles	the	ridge	in	saddlelike	fashion.	The	entire	tissue	surface	of	the	ridge-lap	pontic	is	convex	and	very	difficult	to	clean.	C,	Modified	ridge-lap	pontic.	Tissue	surface	on	the
facial	is	concave,	following	the	ridge.	However,	the	lingual	saddle	has	been	removed	to	allow	access	for	oral	hygiene.	D,	Ovate	pontic.	The	pontic	form	fits	into	a	receptor	site	within	the	ridge.	This	allows	the	tissue	surface	of	the	pontic	to	be	convex	and	also	optimizes	esthetics.	53	Periodontal-Restorative	Interrelationships	627.el	Correcting	Open
Gingival	Embrasures	Restoratively	There	are	two	causes	of	open	gingival	embrasures:	(1)	the	papilla	is	inadequate	in	height	because	of	bone	loss	or	(2)	the	interproximal	contact	is	located	too	high	coronally.	If	a	high	contact	has	been	diagnosed	as	the	cause	of	the	problem,	there	are	two	potential	reasons.	If	the	root	angulation	of	the	teeth	diverges,
the	interproximal	contact	is	moved	coronally,	resulting	in	the	open	embrasure.	However,	if	the	roots	are	parallel,	the	papilla	form	is	normal,	and	an	open	embrasure	exists,	then	the	problem	is	probably	related	to	tooth	shape,	specifically	an	excessively	tapered	form.	Restorative	dentistry	can	correct	this	problem	by	moving	the	contact	point	to	the	tip
of	the	papilla.	To	accomplish	this,	the	margins	of	the	restoration	must	be	carried	subgingivally	1.0-1.5	mm,	and	the	emergence	profile	of	the	restoration	is	designed	to	move	the	contact	point	toward	the	papilla	while	blending	the	contour	into	the	tooth	below	the	tissue	(Fig.	53.33).	This	can	be	accomplished	easily	with	direct	bonded	restorations
because	the	soft	tissue	can	clearly	be	seen.	For	indirect	restorations,	the	desired	restoration	contours	and	embrasure	form	should	be	established	in	the	provisional	restorations,	and	the	gingival	tissues	are	allowed	to	adapt	for	4-6	weeks	before	the	tissue	contour	information	is	relayed	to	the	laboratory	for	use	in	the	final	restorations.	Managing
Gingival	Embrasure	Form	for	Patients	with	Gingival	Recession	Management	of	the	gingival	embrasure	form	for	patients	who	have	experienced	gingival	recession	varies,	depending	on	whether	the	treatment	is	in	the	anterior	or	posterior	regions	of	the	mouth.	In	esthetic	areas,	it	is	necessary	to	carry	the	(B)	(C)	FIGURE	53.33	Methods	of	altering
gingival	embrasure	form.	A,	Typical	open	gingival	embrasure	caused	by	excessively	tapered	tooth	form.	B,	Common	method	employed	by	restorative	dentists	to	correct	the	embrasure,	in	which	material	is	added	supragingivally.	This	closes	the	embrasure	by	moving	the	contact	to	the	tip	of	the	papilla	but	results	in	overhangs	that	cannot	be	cleaned
using	dental	floss.	Removing	these	overhangs	restoratively	reopens	the	embrasure.	C,	Correct	method	of	closing	the	gingival	embrasure,	in	which	the	margins	of	the	restoration	are	carried	1	.0-1	.5	mm	below	the	tip	of	the	pap	ii	la.	Note	that	this	does	not	encroach	on	the	attachment	because	the	average	interproximal	sulcus	probes	2.5-3.0	mm.	This
allows	easy	cleaning	because	of	the	convex	profile.	It	also	reshapes	the	papilla	to	a	more	pleasing	profile	esthetically.	interproximal	contacts	apically	toward	the	papilla	to	eliminate	the	presence	of	large,	open	embrasures.	With	multiple-unit	restorations,	it	is	also	possible	with	tissue-colored	ceramics	to	bake	porcelain	papillae	directly	on	the
restoration.	In	the	posterior	areas	where	the	interroot	widths	are	significantly	greater,	it	is	often	impossible	to	carry	the	proximal	contacts	to	contact	the	tissue	without	creating	large	overhangs	on	the	restorations.	In	these	situations,	the	contact	should	be	moved	far	enough	apically	to	minimize	any	large	food	traps	while	still	leaving	an	embrasure	of	a
convenient	size	to	be	accessed	with	an	interdental	brush	for	hygiene.	It	should	be	noted	that	developing	excessively	long	interproximal	contacts,	whether	on	anterior	or	posterior	teeth,	always	creates	rectangular,	somewhat	unesthetic,	tooth	forms.	628	PART	2	Clinical	Periodontics	-y	--~Receptor	tapers	_,	lo	level	of	tissue	on	the	palate	for	ease	of
hygiene.	Pontic	to	bone	minimum	of	2	mm	-	-	.1	Receptor	site	1-1.5	mm	deep	in	esthetic	areas	FIGURE	53.35	Ideal	shape	and	form	of	an	ovate	pantie	in	the	esthetic	area.	The	receptor	site	has	been	created	1.0-1.5	mm	apical	to	the	free	gingival	margin	on	the	facial	aspect.	This	creates	the	illusion	of	the	pontic	erupting	from	the	tissue.	On	the	palatal
side,	the	pontic	is	tapered	so	that	the	receptor	site	is	not	extended	below	tissue;	this	allows	easier	access	for	oral	hygiene.	Note	that	when	the	receptor	site	is	created,	the	bone	must	be	a	minimum	of	2	mm	from	the	most	apical	portion	of	the	pontic.	primary	method	for	cleaning	the	undersurface	of	panties	is	to	draw	dental	floss	mesiodistally	along	the
undersurface.	The	shape	of	this	undersurface	determines	the	ease	with	which	plaque	and	food	debris	can	be	removed	in	the	process.	The	sanitary	and	ovate	panties	have	convex	undersurfaces,	which	makes	them	easiest	to	clean.	The	ridge-lap	and	modified	ridge-lap	designs	have	concave	surfaces,	which	are	more	difficult	to	access	with	the	dental
floss.	Although	the	sanitary	pantie	design	provides	the	easiest	access	for	hygiene	procedures,	it	is	rarely	used	because	of	its	unesthetic	form	and	a	variable	acceptance	of	the	open	contour	by	patients.	The	ovate	pantie	is	the	ideal	pantie	form.	It	is	created	by	forming	a	receptor	site	in	the	edentulous	ridge	with	a	diamond	bur	or	by	electrosurgery.	The
site	is	shaped	to	create	either	a	flat	or	a	concave	contour	so	that	when	the	pantie	is	created	to	adapt	to	the	site,	it	will	have	a	flat	or	convex	outline.	The	depth	of	the	receptor	site	depends	on	the	esthetic	requirements	of	the	pantie.	In	highly	esthetic	areas	such	as	the	maxillary	anterior	region,	it	is	necessary	to	create	a	receptor	area	that	is	1.0-1.5	mm
below	the	tissue	on	the	facial	aspect.	This	creates	the	appearance	of	a	free	gingival	margin	and	produces	optimal	esthetics	(Fig.	53.35).	This	site	can	then	be	tapered	to	the	height	of	the	palatal	tissue	to	facilitate	hygiene	access	from	the	palatal	side.	In	the	posterior	areas,	a	deep	receptor	site	can	complicate	hygiene	access.	In	these	situations,	the
ideal	site	has	the	facial	portion	of	the	pantie	at	the	same	level	as	the	ridge,	and	then	the	site	is	created	as	a	straight	line	to	the	lingual	side	of	the	pantie.	This	removes	the	convexity	of	the	ridge	and	produces	a	flat,	easily	cleanable	tissue	surface	on	the	pantie	(Fig.	53.36)	Occlusal	Considerations	in	Restorative	Therapy	Occlusion	plays	an	important	role
in	restorative	dentistry.	The	increased	use	of	dental	implants	and	nonmetallic	cosmetic	restorations	has	resulted	in	greater	concern	over	force	management.	These	restorations	are	more	sensitive	to	occlusal	trauma,	with	subsequent	structural	failure,	than	are	traditional	restorations	on	teeth.	Consequently,	for	the	restorative	FIGURE	53.36	Option	for
creating	an	ovate	pantie	receptor	site	in	less	esthetic	areas	of	the	mouth.	Rather	than	creating	the	receptor	site	so	that	the	pontic	extends	into	the	ridge,	it	is	possible	to	create	a	flattened	receptor	site	in	which	the	pontic	sits	flush	with	the	ridge.	This	facilitates	oral	hygiene.	dentist	wanting	a	high	degree	of	predictability	in	the	final	result,
understanding	occlusion	is	critical.	The	clinician	must	know	how	to	create	an	occlusion,	with	the	following	guidelines	as	a	goal:	1.	There	should	be	even,	simultaneous	contacts	on	all	teeth	during	centric	closure.	This	distributes	the	force	of	closure	over	all	the	teeth	instead	of	the	few	teeth	that	may	touch	first.	2.	When	the	mandible	moves	from	centric
closure,	some	form	of	canine	or	anterior	guidance	is	desirable,	with	no	posterior	tooth	contacts.	This	combination	of	anterior	guidance	and	posterior	disclusion	reduces	the	ability	of	the	elevator	muscles	to	contract	and	distributes	the	force	of	the	movement	onto	the	anterior	teeth,	which	receive	less	force	because	of	the	Class-III	lever	system	being
applied	in	this	situation.	It	has	been	shown	that,	as	a	result	of	the	Class-III	lever	action,	the	anterior	teeth	receive	approximately	one-ninth	the	force	of	a	second	molar.	3.	The	anterior	guidance	needs	to	be	in	harmony	with	the	patient's	neuromuscular	envelope	of	function.	Harmony	of	this	relationship	is	demonstrated	by	a	lack	of	fremitus	and	mobility
on	the	anterior	teeth,	by	the	ability	of	the	patient	to	speak	clearly	and	comfortably,	and	by	the	patient's	general	sense	of	comfort	with	the	overbite,	overjet,	and	guidance	created	during	chewing	and	when	holding	the	head	upright.	4.	The	occlusion	should	be	created	at	a	vertical	dimension	that	is	stable	for	the	patient.	It	is	generally	accepted	that	the
patient's	existing	vertical	dimension	is	at	equilibrium	between	the	eruptive	forces	of	the	teeth	and	the	repetitive	contracted	length	of	the	elevator	muscles.	It	has	been	demonstrated	that	vertical	dimension	can	be	altered	with	no	sense	of	pain	from	muscles	and	joints.	However,	if	this	alteration	lengthens	the	pterygomasseteric	sling	beyond	its	ability	to
adapt,	the	patient	will	not	maintain	the	vertical	change	and	will	close	the	occlusal	vertical	dimension	back	down	by	intruding	the	teeth.	5.	When	managing	a	pathologic	occlusion	or	when	restoring	a	complete	occlusion,	the	clinician	needs	to	work	with	a	repeatable	condylar	reference	position.	Centric	relation,	defined	as	the	most	superior	condylar
position,	provides	such	a	starting	point.	Centric	relation	has	been	shown	to	be	reproducible	over	multiple	appointments,	allowing	the	clinician	to	create	the	occlusion	indirectly	on	an	articulator	and	return	it	to	the	same	reference	position	in	the	53	Periodontal-Restorative	Interrelationships	628.el	Ridge	Modification	Procedures	for	Ideal	Pontic
Contours	When	the	ridge	is	being	surgically	modified,	it	is	important	to	know	the	thickness	of	soft	tissue	above	the	bone.	This	measurement	is	obtained	by	probing	to	the	bone	through	the	anesthetized	tissue.	If	the	tissue	is	removed	to	less	than	2	mm	in	thickness,	significant	rebound	in	ridge	height	may	occur.	If	it	is	necessary	to	reduce	the	tissue
height	to	less	than	2	mm	above	the	bone	to	create	the	desired	pontic	form,	some	bone	will	need	to	be	removed	to	achieve	the	desired	result.	It	is	important	when	considering	an	ovate	pontic	to	realize	that	certain	soft-tissue	ridge	parameters	must	exist	to	optimize	the	ovate	pontic	form.	First,	the	ridge	height	needs	to	match	the	ideal	height	of	the
interproximal	papillae	where	interproximal	embrasures	are	planned,	either	between	pontics	or	next	to	abutment	teeth.	Second,	the	gingival	margin	height	must	also	be	at	the	ideal	level,	or	the	pontic	will	appear	too	long.	Third,	the	ridge	tissue	must	be	facial	to	the	ideal	cervical	facial	form	of	the	pontic	so	that	the	pontic	can	emerge	from	the	tissue.	If
any	of	these	three	areas	is	inadequate,	some	form	of	ridge	augmentation	is	needed	to	produce	a	ridge	that	can	have	an	adequate	receptor	site	created	(Fig.	53.37).	Any	ridge	augmentation	procedures	should	be	completed	before,	or	in	conjunction	with,	fabricating	an	ovate	pontic.	When	constructing	the	final	restorations,	the	contours	of	the	developed
ovate	pontic	receptor	site	can	be	conveyed	to	the	laboratory	by	capturing	a	soft-tissue	impression	4-6	weeks	after	the	site	has	been	created.	The	ovate	pontic	can	serve	another	important	periodontal	function	by	maintaining	the	interdental	papilla	next	to	abutment	teeth	after	extraction.	When	a	tooth	is	removed,	the	gingival	embrasure	form	is	lost.
The	normal	response	of	the	papilla	to	this	loss	of	embrasure	form	is	to	recede	1.5-2.0	mm,	which	corresponds	to	the	additional	soft	tissue	that	exists	above	bone	on	the	interproximal	versus	the	facial	aspect.	However,	this	recession	can	be	prevented.	By	inserting	the	correct	pontic	form	2.5	mm	into	the	extraction	site	the	day	the	tooth	is	removed,
FIGURE	53.37	Ridge	considerations	when	an	ovate	pontic	is	desired.	For	an	ovate	pontic	to	be	properly	created,	the	soft-tissue	ridge	must	be	labial	to	the	desired	cervical	portion	of	the	pontic.	When	the	pontic	is	facial	to	the	ridge,	it	is	not	possible	to	create	what	appears	to	be	a	"free	gingival	margin"	correctly.	The	shaded	area	represents	the
necessary	amount	of	tissue	that	would	be	augmented	to	produce	an	ideal	ovate	pontic	in	this	particular	site.	the	gingival	embrasure	form	and	papilla	can	be	maintained.	At	4	weeks,	the	2.5-mm	extension	can	be	reduced	to	a	1.0to	1.5-mm	extension	to	facilitate	hygiene.	This	procedure	can	maintain	the	papilla	next	to	the	abutment	teeth	as	long	as	the
bone	on	the	abutment	tooth	is	at	a	normal	level.	The	"full	ridge-lap	pontic"	is	an	outdated	design	that	straddles	the	convexity	of	the	ridge	buccolingually	and	creates	an	undersurface	that	is	entirely	concave	and	cannot	be	cleaned.	It	is	not	recommended	for	use	in	any	situations.	However,	a	modified	ridge-lap	pantie	can	be	an	acceptable	design	if
inadequate	ridge	exists	to	create	an	ovate	pontic.	With	the	modified	ridge-lap	design,	the	pontic	follows	the	convexity	of	the	ridge	on	the	facial	aspect	but	stops	on	the	lingual	crest	of	the	ridge	without	extending	down	the	lingual	side	of	the	ridge.	Although	the	facial	aspect	of	the	undersurface	has	a	concave	shape,	the	more	open	lingual	form	allows
adequate	access	for	oral	hygiene.	53	Periodontal-Restorative	Interrelationships	mouth.	It	is	the	only	position	that	has	been	shown	to	shut	off	lateral	pterygoid	muscle	contraction.	Because	it	is	a	border	position,	any	mandibular	movement	will	result	in	the	condyle	moving	inferiorly	Therefore,	centric	relation	is	the	only	position	from	which	an
interference-free	occlusion	can	be	created.	Conclusions	The	therapeutic	goals	of	patient	comfort,	function,	esthetics,	predictability,	longevity,	and	ease	of	restorative	and	maintenance	care	are	attainable	only	by	a	carefully	constructed	interdisciplinary	approach,	with	accurate	diagnosis	and	comprehensive	treatment	planning	serving	as	cornerstones.
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Adjunctive	Role	of	Orthodontic	Therapy	VG	Kokich	•	N	Ambalavanan	Chapter	Outline	Benefits	of	Orthodontic	Therapy	Preorthodontic	Osseous	Surgery	Orthodontic	Treatment	of	Osseous	Defects	Fractured	Teeth	and	Forced	Eruption	Orthodontic	Treatment	of	Gingival	Discrepancies	Conclusion	Orthodontic	tooth	movement	may	be	of	substantial
benefit	to	the	adult	periorestorative	patient.	Many	adults	who	seek	routine	restorative	dentistry	have	problems	with	tooth	malposition	that	compromise	their	ability	to	clean	and	maintain	their	dentitions.	If	these	individuals	also	are	susceptible	to	periodontal	disease,	tooth	malposition	may	be	an	exacerbating	factor	that	could	cause	premature	loss	of
specific	teeth.	Many	adults	undergo	orthodontic	treatment	to	have	their	teeth	aligned	and	to	improve	the	esthetics	of	their	smiles.	If	these	individuals	also	have	underlying	gingival	or	osseous	periodontal	defects,	these	defects	often	can	be	improved	during	orthodontic	therapy	if	the	orthodontist	is	aware	of	the	situation	and	designs	the	appropriate
tooth	movement.	In	addition,	implants	have	become	a	major	part	of	the	treatment	plan	for	many	adults	with	missing	teeth.	If	adjacent	teeth	have	drifted	into	edentulous	spaces,	orthodontic	therapy	is	often	helpful	to	provide	the	ideal	amount	of	space	for	implants	and	subsequent	restorations.	Benefits	of	Orthodontic	Therapy	Orthodontic	therapy	can
provide	several	benefits	to	the	adult	periodontal	patient.	The	following	six	factors	should	be	considered:	1.	Aligning	crowded	or	malposed	maxillary	or	mandibular	anterior	teeth	permits	adult	patients	better	access	to	clean	all	surfaces	of	their	teeth	adequately.	2.	Vertical	orthodontic	tooth	repositioning	can	improve	certain	types	of	osseous	defects	in
periodontal	patients.	3.	Orthodontic	treatment	can	improve	the	esthetic	relationship	of	the	maxillary	gingival	margin	levels	before	restorative	dentistry.	4.	Orthodontic	therapy	also	benefits	the	patient	with	a	severe	fracture	of	a	maxillary	anterior	tooth	that	requires	forced	eruption	to	permit	adequate	restoration.	5.	Orthodontic	treatment	allows	open
gingival	embrasures	to	be	corrected	to	regain	lost	papilla.	If	these	open	gingival	embrasures	are	located	in	the	maxillary	anterior	region,	they	can	be	unesthetic.	In	most	patients,	these	areas	can	be	corrected	with	a	combination	of	orthodontic	root	movement,	tooth	reshaping,	and	restoration.	6.	Orthodontic	treatment	could	improve	adjacent	tooth
position	before	implant	placement	or	tooth	replacement.	This	is	especially	true	for	the	patient	who	has	been	missing	teeth	for	several	years	and	has	drifting	and	tipping	of	the	adjacent	dentition.	Preorthodontic	Osseous	Surgery	The	extent	of	the	osseous	surgery	depends	on	the	type	of	defect	(eg,	crater,	hemiseptal	defect,	three-wall	defect,	or
furcation	lesion).	Osseous	Craters	An	osseous	crater	is	an	interproximal,	two-wall	defect	that	does	not	improve	with	orthodontic	treatment.	Some	shallow	craters	(	4-5-mm	pocket)	may	be	maintainable	nonsurgically	during	orthodontic	treatment.	However,	if	surgical	correction	is	necessary,	this	type	of	osseous	lesion	can	easily	be	eliminated	by



reshaping	the	defect	and	reducing	the	pocket	depth.	This	in	turn	enhances	the	ability	to	maintain	these	interproximal	areas	during	orthodontic	treatment.	The	need	for	surgery	is	based	on	the	patient's	response	to	initial	root	planing,	the	patient's	periodontal	resistance,	the	location	of	the	defect,	and	the	predictability	of	maintaining	defects
nonsurgically	while	the	patient	is	wearing	orthodontic	appliances.	Three-Wall	Intrabony	Defects	Three-wall	defects	are	amenable	to	pocket	reduction	with	regenerative	periodontal	therapy.	Bone	grafts	using	either	autogenous	bone	from	the	surgical	site	or	allografts	along	with	631	632	PART	2	Clinical	Periodontics	FIGURE	54.1	A,	This	patient	had	a
significant	periodontal	pocket	distal	to	the	mandibular	right	first	molar.	B,	Periapical	radiograph	confirmed	the	osseous	defect.	C,	A	flap	was	elevated	revealing	a	deep,	three-wall	osseous	defect.	D,	Freeze-dried	bone	was	placed	in	the	defect.	Six	months	after	the	bone	graft,	orthodontic	treatment	was	initiated.	E,	The	final	periapical	radiograph	shows
that	F,	the	preorthodontic	bone	graft,	helped	to	regenerate	bone	and	eliminate	the	defect	distal	to	the	molar.	the	use	of	resorbable	membranes	have	been	successful	in	filling	three-wall	defects.	If	the	result	of	periodontal	therapy	is	stable	3-6	months	after	periodontal	surgery	(Fig.	54.1),	orthodontic	treatment	may	be	initiated.	Orthodontic	Treatment
of	Osseous	Defects	Hemiseptal	Defects	Hemiseptal	defects	are	one-	or	two-wall	osseous	defects	that	often	are	found	around	mesially	tipped	teeth	or	teeth	that	have	supererupted	(Fig.	54	2)	Usually,	these	defects	can	be	eliminated	with	the	appropriate	orthodontic	treatment.	In	the	case	of	the	tipped	tooth,	uprighting	and	eruption	of	the	tooth	levels
the	bony	defect.	If	the	tooth	is	supererupted,	intrusion	and	leveling	of	the	adjacent	cementoenamel	junctions	(CEJs)	can	help	level	the	osseous	defect.	It	is	imperative	that	periodontal	inflammation	be	controlled	before	orthodontic	treatment.	This	usually	can	be	achieved	with	initial	debridement	and	rarely	requires	any	preorthodontic	surgery.	After	the
completion	of	orthodontic	treatment,	these	teeth	should	be	stabilized	for	at	least	6	months	and	reassessed	periodontally.	Often,	the	pocket	has	been	reduced	or	eliminated,	and	no	further	periodontal	treatment	is	needed.	It	would	be	injudicious	to	perform	preorthodontic	osseous	corrective	surgery	in	such	lesions	if	orthodontics	is	part	of	the	overall
treatment	plan.	In	the	periodontally	healthy	patient,	orthodontic	brackets	are	positioned	on	the	posterior	teeth	relative	to	the	marginal	ridges	and	cusps.	However,	some	adult	patients	may	have	marginal	ridge	discrepancies	caused	by	uneven	tooth	eruption.	When	marginal	ridge	discrepancies	are	encountered,	the	decision	as	to	where	to	place	the
bracket	or	band	is	not	determined	by	the	anatomy	of	the	tooth.	In	these	patients,	it	is	important	to	assess	these	teeth	radiographically	to	determine	the	interproximal	bone	level.	If	the	bone	level	is	oriented	in	the	same	direction	as	the	marginal	ridge	discrepancy,	leveling	the	marginal	ridges	will	level	the	bone.	However,	if	the	bone	level	is	flat	between
adjacent	teeth	(Fig.	54.2)	and	the	marginal	ridges	are	at	significantly	different	levels,	correction	of	the	marginal	ridge	discrepancy	orthodontically	produces	a	hemiseptal	defect	in	the	bone.	This	could	cause	a	periodontal	pocket	between	the	two	teeth.	If	the	bone	is	flat	and	a	marginal	ridge	discrepancy	is	present,	the	orthodontist	should	not	level	the
marginal	ridges	orthodontically.	In	these	situations,	it	may	be	necessary	to	equilibrate	the	crown	of	the	tooth	(Fig.	54.2).	For	some	patients,	the	latter	technique	may	require	endodontic	therapy	and	restoration	of	the	tooth	because	of	the	required	amount	of	reduction	of	the	length	of	the	crown.	This	approach	is	acceptable	if	the	treatment	results	in	a
more	favorable	bone	contour	between	the	teeth.	Some	patients	have	a	discrepancy	between	both	the	marginal	ridges	and	the	bony	levels	between	two	teeth.	However,	these	discrepancies	may	not	be	of	equal	magnitude;	54	Adjunctive	Role	of	Orthodontic	Therapy	633	FIGURE	54.2	A,	This	patient	showed	overeruption	of	the	maxillary	right	first	molar
and	a	marginal	ridge	defect	between	the	second	premolar	and	first	molar.	B,	Pretreatment	periapical	radiograph	showed	that	the	interproximal	bone	was	flat.	To	avoid	creating	a	hemiseptal	defect,	the	occlusal	surface	of	the	first	molar	was	equilibrated,	C	and	D,	and	the	malocclusion,	E	and	F,	was	corrected	orthodontically.	orthodontic	leveling	of	the
bone	may	still	leave	a	discrepancy	in	the	marginal	ridges	(Fig.	54.3).	In	these	patients,	the	crowns	of	the	teeth	should	not	be	used	as	a	guide	for	completing	orthodontic	therapy.	The	bone	should	be	leveled	orthodontically	and	any	remaining	discrepancies	between	the	marginal	ridges	should	be	equilibrated.	This	method	produces	the	best	occlusal
result	and	improves	the	patient's	periodontal	health.	During	orthodontic	treatment,	when	teeth	are	being	extruded	to	level	hemiseptal	defects,	the	patient	should	be	monitored	regularly.	Initially,	the	hemiseptal	defect	has	a	greater	sulcular	depth	and	is	more	difficult	for	the	patient	to	clean.	As	the	defect	is	ameliorated	through	tooth	extrusion,
interproximal	cleaning	becomes	easier.	The	patient	should	be	recalled	every	2-3	months	during	the	leveling	process	to	control	inflammation	in	the	interproximal	region.	Advanced	Horizontal	Bone	Loss	After	orthodontic	treatment	has	been	planned,	one	of	the	most	important	factors	that	determine	the	outcome	of	orthodontic	therapy	is	the	location	of
the	bands	and	brackets	on	the	teeth.	In	a	periodontally	healthy	individual,	the	position	of	the	brackets	is	usually	determined	by	the	anatomy	of	the	crowns	of	the	teeth.	Anterior	brackets	should	be	positioned	relative	to	the	incisal	edges.	Posterior	bands	or	brackets	are	positioned	relative	to	the	marginal	ridges.	If	the	incisal	edges	and	marginal	ridges
are	at	the	correct	level,	the	CEJ	will	also	be	at	the	same	level.	This	relationship	creates	a	flat,	bony	contour	between	the	teeth.	However,	if	a	patient	has	underlying	periodontal	problems	and	significant	alveolar	bone	loss	around	certain	teeth,	using	the	anatomy	of	the	crown	to	determine	bracket	placement	is	not	appropriate	(Fig.	544).	In	a	patient
with	advanced	horizontal	bone	loss,	the	bone	level	may	have	receded	several	millimeters	from	the	CE].	As	this	occurs,	the	crown-to-root	ratio	becomes	less	favorable.	By	aligning	the	crowns	of	the	teeth,	the	clinician	may	perpetuate	tooth	mobility	by	maintaining	an	unfavorable	crownto-root	ratio.	In	addition,	by	aligning	the	crowns	of	the	teeth	and
disregarding	the	bone	level,	significant	bone	discrepancies	occur	between	healthy	and	periodontally	diseased	roots.	This	could	require	periodontal	surgery	to	ameliorate	the	discrepancies.	Many	of	these	problems	can	be	corrected	by	using	the	bone	level	as	a	guide	to	position	the	brackets	on	the	teeth.	In	these	situations,	the	crowns	of	the	teeth	may
require	considerable	equilibration.	If	the	tooth	is	vital,	the	equilibration	should	be	performed	gradually	to	allow	the	pulp	to	form	secondary	dentin	and	insulate	the	tooth	during	the	equilibration	process.	The	goal	of	equilibration	and	creative	bracket	placement	is	to	provide	a	more	favorable	bony	architecture,	as	well	as	a	more	favorable	crown-to-root
ratio.	In	some	of	these	patients,	the	periodontal	defects	that	were	apparent	initially	may	not	require	periodontal	surgery	after	orthodontic	treatment.	634	PART	2	Clinical	Periodontics	FIGURE	54.3	A,	Before	orthodontic	treatment,	this	patient	had	significant	mesial	tipping	of	the	maxillary	right	first	and	second	molars,	causing	marginal	ridge
discrepancies.	B,	The	tipping	produced	root	proximity	between	the	molars.	C,	To	eliminate	the	root	proximity,	the	brackets	were	placed	perpendicular	to	the	long	axis	of	the	teeth.	D-F,	This	method	of	bracket	placement	facilitated	root	alignment	and	elimination	of	the	root	proximity,	as	well	as	leveling	of	the	marginal	ridge	discrepancies.	FIGURE	54.4
A	and	B,	This	patient	had	a	class	Ill	furcation	defect	before	orthodontic	treatment.	C,	Orthodontic	treatment	was	performed	and	the	furcation	defect	was	maintained	by	the	periodontist	on	2-month	recalls	until	after	orthodontic	treatment.	D,	After	appliance	removal,	the	tooth	was	hemisected,	E,	and	the	roots	were	restored	and	splinted	together.	F,
The	final	periapical	radiograph	shows	that	the	furcation	defect	has	been	eliminated	by	hemisecting	and	restoring	the	two	root	fragments.	54	Adjunctive	Role	of	Orthodontic	Therapy	635	FIGURE	54.5	A	and	B,	Before	orthodontic	treatment,	this	patient	had	a	class	Ill	furcation	defect	in	the	mandibular	left	second	molar.	C,	Since	the	patient	had	an
edentulous	space	mesial	to	the	molar,	the	tooth	was	hemisected	and,	D,	the	root	fragments	were	separated	orthodontically.	E	and	F,	After	orthodontic	treatment,	the	root	fragments	were	used	as	abutments	to	stabilize	a	multiunit	posterior	bridge.	Furcation	Defects	Furcation	defects	can	be	classified	as	incipient	(class	I),	moderate	(class	II),	or
advanced	(class	III).	These	lesions	require	special	attention	in	the	patient	undergoing	orthodontic	treatment.	Often,	the	molars	require	bands	with	tubes	and	other	attachments	that	impede	the	patient's	access	to	the	buccal	furcation	for	homecare	and	instrumentation	at	the	time	of	recall.	Furcation	lesions	require	special	consideration	because	they
are	the	most	difficult	lesions	to	maintain	and	can	worsen	during	orthodontic	therapy	These	patients	need	to	be	maintained	on	a	2-3-month	recall	schedule.	Detailed	instrumentation	of	these	furcations	helps	minimize	further	periodontal	breakdown.	If	a	patient	with	a	class	III	furcation	defect	will	be	undergoing	orthodontic	treatment,	a	possible	method
for	treating	the	furcation	is	to	eliminate	it	by	hemisecting	the	crown	and	root	of	the	tooth	(Fig.	54.5).	However,	this	procedure	requires	endodontic,	periodontal,	and	restorative	treatment.	If	the	patient	will	be	undergoing	orthodontic	treatment,	it	is	advisable	to	perform	the	orthodontic	treatment	first.	This	is	especially	true	if	the	roots	of	the	teeth	will
not	be	moved	apart.	In	these	patients	the	molar	to	be	hemisected	remains	intact	during	orthodontics.	This	patient	would	require	2-3-month	recall	visits	to	ensure	that	the	furcation	defect	does	not	lose	bone	during	orthodontic	treatment.	Keeping	the	tooth	intact	during	the	orthodontic	therapy	simplifies	the	concentration	of	tooth	movement	for	the
orthodontist.	After	orthodontic	treatment,	endodontic	therapy	is	required	(followed	by	periodontal	surgery)	to	divide	the	tooth.	In	some	patients	requiring	hemisection	of	a	mandibular	molar	with	a	class	Ill	furcation,	pushing	the	roots	apart	during	orthodontic	treatment	may	be	advantageous	(Fig.	54.5).	If	the	hemisected	molar	will	be	used	as	an
abutment	for	a	bridge	after	orthodontics,	moving	the	roots	apart	orthodontically	permits	a	favorable	restoration	and	splinting	across	the	adjacent	edentulous	spaces.	In	these	patients,	hemisection,	endodontic	therapy,	and	periodontal	surgery	must	be	completed	before	the	start	of	orthodontic	treatment.	After	completion	of	these	procedures,	bands	or
brackets	can	be	placed	on	the	root	fragments	and	coil	springs	used	to	separate	the	roots.	The	amount	of	separation	is	determined	by	the	size	of	the	adjacent	edentulous	spaces	and	the	occlusion	in	the	opposing	arch.	About	7-8	mm	may	be	created	between	the	roots	of	the	hemisected	molar.	This	process	eliminates	the	original	furcation	problem	and
allows	the	patient	to	clean	the	area	with	greater	efficiency	In	some	molars	with	class	III	furcation	defects,	the	tooth	may	have	short	roots,	advanced	bone	loss,	fused	roots,	or	other	problems	that	prevent	hemisection	and	crowning	of	the	remaining	roots.	In	these	patients,	extracting	the	root	with	a	furcation	defect	and	placing	an	implant	may	be	more
advisable.	If	this	type	of	plan	has	been	adopted,	the	timing	of	the	extraction	and	placement	of	the	implant	can	occur	at	any	time	relative	to	the	orthodontic	treatment.	In	some	patients,	the	implant	can	be	used	as	an	anchor	to	facilitate	prerestorative	orthodontic	treatment.	The	implant	must	remain	embedded	in	bone	for	4-6	months	after	placement
before	it	can	be	loaded	as	an	orthodontic	anchor.	It	must	be	placed	precisely	so	that	it	not	only	provides	an	anchor	for	tooth	movement	but	also	may	be	used	as	an	eventual	abutment	for	a	crown	or	fixed	bridge.	If	the	implant	will	not	be	used	as	an	anchor	for	orthodontic	movement,	it	may	be	placed	after	the	orthodontic	treatment	has	been	completed.
Considerations	regarding	timing	are	determined	by	the	restorative	treatment	plan.	Root	Proximity	When	roots	of	posterior	teeth	are	close	together,	the	ability	to	maintain	periodontal	health	and	accessibility	for	restoration	of	adjacent	teeth	may	be	compromised.	However,	for	the	patient	undergoing	orthodontic	therapy,	the	roots	can	be	moved	apart
and	bone	formation	will	occur	between	the	adjacent	roots	(Fig.	54.3).	This	opens	the	embrasure	beneath	the	tooth	contact,	provides	additional	bone	support,	and	enhances	the	patient's	access	to	the	interproximal	region	for	hygiene.	This	approach	generally	improves	the	periodontal	health	of	this	area.	636	PART	2	Clinical	Periodontics	If	orthodontic
treatment	will	be	used	to	move	roots	apart,	this	plan	must	be	known	before	bracket	placement.	It	is	advantageous	to	place	the	brackets	so	that	the	orthodontic	movement	to	separate	the	roots	will	begin	with	the	initial	archwires	(Fig.	54.3).	Therefore,	brackets	must	be	placed	obliquely	to	facilitate	this	process.	Radiographs	are	needed	to	monitor	the
progress	of	orthodontic	root	separation.	In	general,	2-3	mm	of	root	separation	provides	adequate	bone	and	embrasure	space	to	improve	periodontal	health.	During	this	time,	the	patient	should	be	maintained	to	ensure	that	a	favorable	bone	response	occurs	as	the	roots	are	moved	apart.	In	addition,	these	patients	need	occasional	occlusal	adjustment	to
recontour	the	crown	because	the	roots	are	moving	apart.	As	this	occurs,	the	crowns	may	develop	an	unusual	occlusal	contact	with	the	opposing	arch.	This	should	be	equilibrated	to	improve	the	occlusion.	Fractured	Teeth	and	Forced	Eruption	Occasionally,	children	and	adolescents	may	fall	and	injure	their	anterior	teeth.	If	the	injuries	are	minor	and
result	in	small	fractures	of	enamel,	these	can	be	restored	with	light-cured	composite	or	porcelain	veneers.	In	some	patients,	however,	the	fracture	may	extend	beneath	the	level	of	the	gingival	margin	and	terminate	at	the	level	of	the	alveolar	ridge	(Fig.	54.6);	restoration	of	the	fractured	crown	is	impossible	because	the	tooth	preparation	would	extend
to	the	level	of	the	bone.	This	overextension	of	the	crown	margin	could	result	in	an	invasion	of	the	biologic	width	of	the	tooth	and	cause	persistent	inflammation	of	the	marginal	gingiva.	It	may	be	beneficial	in	such	cases	to	erupt	the	fractured	root	out	of	the	bone	and	move	the	fracture	margin	coronally	so	that	it	can	be	properly	restored.	However,	if	the
fracture	extends	too	far	apically,	it	may	be	better	to	extract	the	tooth	and	replace	it	with	an	implant	or	bridge.	The	following	six	criteria	are	used	to	determine	whether	the	tooth	should	be	forcibly	erupted	or	extracted:	1.	Root	length.	Is	the	root	long	enough	so	that	a	one-to-one	crown-to-root	ratio	is	preserved	after	the	root	has	been	erupted?	To
answer	this	question,	the	clinician	must	know	how	far	to	erupt	the	root.	If	a	tooth	fracture	extends	to	the	level	of	the	bone,	it	must	be	erupted	4	mm.	The	first	2.5	mm	moves	the	fracture	margin	far	enough	away	from	the	bone	to	prevent	a	biologic	width	problem.	The	other	1.5	mm	provides	the	proper	amount	of	ferrule	for	adequate	resistance	form	of
the	crown	preparation.	Therefore,	FIGURE	54.6	A	and	B,	This	patient	had	a	severe	fracture	of	the	maxillary	right	central	incisor	that	extended	apical	to	the	level	of	the	alveolar	crest	on	the	lingual	side.	C,	To	restore	the	tooth	adequately	and	avoid	impinging	on	the	periodontium,	the	fractured	root	was	extruded	4	mm.	D,	As	the	tooth	erupted,	the
gingival	margin	followed	the	tooth.	E,	Gingival	surgery	was	required	to	lengthen	the	crown	of	the	central	incisor	so	that	F,	the	final	restoration,	had	sufficient	ferrule	for	resistance	and	retention	and	the	appropriate	gingival	margin	relationship	with	the	adjacent	central	incisor.	54	Adjunctive	Role	of	Orthodontic	Therapy	2.	3.	4.	5.	6.	if	the	root	is
fractured	to	the	bone	level	and	must	be	erupted	4	mm,	the	periapical	radiograph	must	be	evaluated	(Fig.	54	6B)	and	4	mm	subtracted	from	the	end	of	the	fractured	tooth	root.	The	length	of	the	residual	root	should	be	compared	with	the	length	of	the	eventual	crown	on	this	tooth.	The	root-to-crown	ratio	should	be	about	1:	1.	If	the	root-to-crown	ratio	is
less	than	this	amount,	there	may	be	too	little	root	remaining	in	the	bone	for	stability	In	the	latter	situation,	it	may	be	prudent	to	extract	the	root	and	place	a	bridge	or	implant.	Root	form.	The	shape	of	the	root	should	be	broad	and	nontapering	rather	than	thin	and	tapered.	A	thin,	tapered	root	provides	a	narrower	cervical	region	after	the	tooth	has
been	erupted	4	mm.	This	could	compromise	the	esthetic	appearance	of	the	final	restoration.	The	internal	root	form	is	also	important.	If	the	root	canal	is	wide,	the	distance	between	the	external	root	surface	and	root	canal	filling	will	be	narrow	In	these	patients,	the	walls	of	the	crown	preparation	are	thin,	which	could	result	in	early	fracture	of	the
restored	root.	The	root	canal	should	not	be	more	than	one-third	of	the	overall	width	of	the	root.	In	this	way,	the	root	could	still	provide	adequate	strength	for	the	final	restoration.	Level	of	the	fracture.	If	the	entire	crown	is	fractured	2-3	mm	apical	to	the	level	of	the	alveolar	bone,	it	is	difficult,	if	not	impossible,	to	attach	it	to	the	root	to	erupt	it.
Relative	importance	of	the	tooth.	If	the	patient	is	70	years	of	age	and	both	adjacent	teeth	have	prosthetic	crowns,	it	would	be	more	prudent	to	construct	a	fixed	bridge.	However,	if	the	patient	is	15	years	of	age	and	the	adjacent	teeth	are	unrestored,	forced	eruption	would	be	much	more	conservative	and	appropriate.	Esthetics.	If	the	patient	has	a	high
lip	line	and	displays	2-3	mm	of	gingiva	when	smiling,	any	type	of	restoration	in	this	area	will	be	more	obvious.	Keeping	the	patient's	own	tooth	would	be	much	more	esthetic	than	any	type	of	implant	or	prosthetic	replacement.	Endodontic/periodontal	prognosis.	If	the	tooth	has	a	significant	periodontal	defect,	it	may	not	be	possible	to	retain	the	root.	In
addition,	if	the	tooth	root	has	a	vertical	fracture,	the	prognosis	would	be	poor	and	extraction	of	the	tooth	would	be	the	proper	course	of	therapy	If	all	these	factors	are	favorable,	forced	eruption	of	the	fractured	root	is	indicated.	The	root	may	be	erupted	rapidly	or	slowly	If	the	movement	is	performed	rapidly,	the	alveolar	bone	will	be	left	behind
temporarily,	and	a	circumferential	fiberotomy	may	be	performed	to	prevent	bone	from	following	the	erupted	root.	However,	if	the	root	is	erupted	slowly,	the	bone	follows	the	tooth.	In	this	situation,	the	erupted	root	requires	crown	lengthening	to	expose	the	correct	amount	of	tooth	to	create	the	proper	ferrule,	resistance	form,	and	retention	for	the
final	restoration.	After	the	tooth	root	has	been	erupted,	it	must	be	stabilized	to	prevent	it	from	intruding	back	into	the	alveolus.	The	reason	for	reintrusion	is	the	orientation	of	the	principal	fibers	of	the	periodontium.	During	forced	eruption,	the	periodontal	fibers	become	oriented	obliquely	and	stretched	as	the	root	moves	coronally	These	fibers
eventually	reorient	themselves	after	about	6	months.	Before	this	occurs,	the	root	can	reintrude	significantly	Therefore,	if	this	type	of	treatment	is	performed,	an	adequate	period	of	stabilization	is	necessary	to	avoid	significant	relapse	and	reintrusion	of	the	root.	637	As	the	root	erupts,	the	gingiva	moves	coronally	with	the	tooth.	As	a	result,	the	clinical
crown	length	becomes	shorter	after	extrusion	(Fig.	54.6).	In	addition,	the	gingival	margin	may	be	positioned	more	incisally	than	the	adjacent	teeth.	In	these	patients,	gingival	surgery	is	necessary	to	create	ideal	gingival	margin	heights.	The	type	of	surgery	varies,	depending	on	whether	bone	removal	is	necessary	If	bone	has	followed	the	root	during
eruption,	a	flap	is	elevated,	and	the	appropriate	amount	of	bone	is	removed	to	match	the	bone	height	of	the	adjacent	teeth.	If	the	bone	level	is	flat	between	adjacent	teeth,	a	simple	excisional	gingivectomy	corrects	the	gingival	margin	discrepancy	After	gingival	surgery,	an	open	gingival	embrasure	may	exist	between	the	erupted	root	and	adjacent
teeth	(Fig.	54	6)	The	space	occurs	because	the	narrower	root	portion	of	the	erupted	tooth	has	been	moved	into	the	oral	cavity	This	space	may	be	closed	in	two	ways:	(1)	by	overcontouring	the	replacement	restoration	and	(2)	by	reshaping	the	crown	of	the	tooth	and	movement	of	the	root	to	close	the	space.	The	second	method	often	helps	improve	the
overall	shape	of	the	final	crown	on	the	restored	tooth.	Hopeless	Teeth	Maintained	for	Orthodontic	Anchorage	Patients	with	advanced	periodontal	disease	may	have	specific	teeth	diagnosed	as	hopeless,	which	would	be	extracted	before	orthodontic	therapy	(Fig.	54.7).	However,	these	teeth	can	be	useful	for	orthodontic	anchorage	if	the	periodontal
inflammation	can	be	controlled.	In	moderate-to-advanced	cases,	some	periodontal	surgery	may	be	indicated	around	a	hopeless	tooth.	Flaps	are	reflected	for	debridement	of	the	roots	to	control	inflammation	around	the	hopeless	tooth	during	the	orthodontic	process.	The	important	factor	is	to	maintain	the	health	of	the	bone	around	the	adjacent	teeth.
Periodontal	recall	is	imperative	during	the	process.	After	orthodontic	treatment,	there	is	a	6-month	period	of	stabilization	before	reevaluating	the	periodontal	status.	Occasionally,	the	hopeless	tooth	may	be	so	improved	after	orthodontic	treatment	that	it	is	retained.	In	most	cases,	however,	the	hopeless	tooth	requires	extraction,	especially	if	other
restorations	are	planned	in	the	segment.	Again,	these	decisions	require	reevaluation	by	the	clinician.	Orthodontic	Treatment	of	Gingival	Discrepancies	Uneven	Gingival	Margins	The	relationship	of	the	gingival	margins	of	the	six	maxillary	anterior	teeth	plays	an	important	role	in	the	esthetic	appearance	of	the	crowns.	The	following	four	factors
contribute	to	ideal	gingival	form:	1.	The	gingival	margins	of	the	two	central	incisors	should	be	at	the	same	level.	2.	The	gingival	margins	of	the	central	incisors	should	be	positioned	more	apically	than	the	lateral	incisors	and	at	the	same	level	as	the	canines.	3.	The	contour	of	the	labial	gingival	margins	should	mimic	the	CEJs	of	the	teeth.	638	PART	2
Clinical	Periodontics	FIGURE	54.7	A,	This	patient	had	an	impacted	mandibular	right	second	molar.	B-D,	The	mandibular	right	first	molar	was	periodontally	hopeless	because	of	an	advanced	class	Ill	furcation	defect.	The	impacted	second	molar	was	extracted,	but	the	first	molar	was	maintained	as	an	anchor	to	help	upright	the	third	molar
orthodontically.	E	and	F,	After	orthodontic	uprighting	of	the	third	molar,	the	first	molar	was	extracted	and	a	bridge	was	placed	to	restore	the	eden	tu	lous	space.	4.	A	papilla	should	exist	between	each	tooth,	and	the	height	of	the	tip	of	the	papilla	is	usually	halfway	between	the	incisal	edge	and	the	labial	gingival	height	of	contour	over	the	center	of
each	anterior	tooth.	Therefore,	the	gingival	papilla	occupies	half	of	the	interproximal	contact	and	the	adjacent	teeth	form	the	other	half	of	the	contact.	However,	some	patients	may	have	gingival	margin	discrepancies	between	adjacent	teeth.	These	discrepancies	may	be	caused	by	abrasion	of	the	incisal	edges	or	delayed	migration	of	the	gingival
margins.	When	gingival	margin	discrepancies	are	present,	the	proper	solution	for	the	problem	must	be	determined:	orthodontic	movement	to	reposition	the	gingival	margins	or	surgical	correction	of	gingival	margin	discrepancies.	To	make	the	correct	decision,	it	is	necessary	to	evaluate	the	four	criteria.	First,	the	relationship	between	the	gingival
margin	of	the	maxillary	central	incisors	and	the	patient's	lip	line	should	be	assessed	when	the	patient	smiles.	If	a	gingival	margin	discrepancy	is	present,	but	the	discrepancy	is	not	exposed,	it	does	not	require	correction.	If	a	gingival	margin	discrepancy	is	apparent,	the	second	step	is	to	evaluate	the	labial	sulcular	depth	over	the	two	central	incisors.	If
the	shorter	tooth	has	a	deeper	sulcus,	excisional	gingivectomy	may	be	appropriate	to	move	the	gingival	margin	of	the	shorter	tooth	apically.	However,	if	the	sulcular	depths	of	the	short	and	long	incisors	are	equivalent,	gingival	surgery	does	not	correct	the	problem.	The	third	step	is	to	evaluate	the	relationship	between	the	shortest	central	incisor	and
the	adjacent	lateral	incisors.	If	the	shortest	central	incisor	is	still	longer	than	the	lateral	incisors,	the	other	possibility	is	to	extrude	the	longer	central	incisor	and	equilibrate	the	incisal	edge.	This	moves	the	gingival	margin	coronally	and	eliminates	the	gingival	margin	discrepancy.	However,	if	the	shortest	central	incisor	is	shorter	than	the	lateral
incisors,	this	technique	would	produce	an	unesthetic	relationship	between	the	gingival	margins	of	the	central	and	lateral	incisors.	The	fourth	step	is	to	determine	whether	the	incisal	edges	have	been	abraded.	This	is	best	accomplished	by	evaluating	the	teeth	from	an	incisal	perspective.	If	one	incisal	edge	is	thicker	labiolingually	than	the	adjacent
tooth,	this	may	indicate	that	it	has	been	abraded	and	the	tooth	has	overerupted.	In	such	cases,	the	best	method	of	correcting	the	gingival	margin	discrepancy	is	to	intrude	the	short	central	incisor.	This	method	moves	the	gingival	margin	apically	and	permits	restoration	of	the	incisal	edges.	The	intrusion	should	be	accomplished	at	least	6	months	before
appliance	removal.	This	allows	reorientation	of	the	principal	fibers	of	the	periodontium	and	avoids	reextrusion	of	the	central	incisor(s)	after	appliance	removal.	Significant	Abrasion	and	Overeruption	Occasionally,	patients	have	destructive	dental	habits,	such	as	a	protrusive	bruxing	habit,	that	can	result	in	significant	wear	of	the	maxillary	and
mandibular	incisors	and	compensatory	54	Adjunctive	Role	of	Orthodontic	Therapy	overeruption	of	these	teeth.	The	restoration	of	these	abraded	teeth	is	often	impossible	because	of	the	lack	of	crown	length	to	achieve	adequate	retention	and	resistance	form	for	the	crown	preparations.	Two	options	are	available.	One	option	is	extensive	crown
lengthening	by	elevating	a	flap,	removing	sufficient	bone,	and	apically	positioning	the	flap	to	expose	adequate	tooth	length	for	crown	preparation.	However,	this	type	of	procedure	is	contraindicated	in	the	patient	with	short,	tapered	roots	because	it	could	adversely	affect	the	final	root-to-crown	ratio	and	potentially	open	gingival	embrasures	between
the	anterior	teeth.	The	other	option	for	improving	the	restorability	of	these	short	abraded	teeth	is	to	intrude	the	teeth	orthodontically	and	move	the	gingival	margins	apically.	It	is	possible	to	intrude	up	to	four	maxillary	incisors	by	using	the	posterior	teeth	as	anchorage	during	the	intrusion	process.	The	patient's	posterior	occlusion	resists	the	eruption
of	the	posterior	teeth,	and	the	incisors	gradually	intrude	and	move	the	gingival	margins	and	the	crowns	apically.	This	creates	the	restorative	space	necessary	to	restore	the	incisal	edges	of	these	teeth	temporarily	and	then	eventually	place	the	final	crowns.	When	abraded	teeth	are	significantly	intruded,	it	is	necessary	to	hold	these	teeth	for	at	least	6
months	in	the	intruded	position	with	orthodontic	brackets,	archwires	(or	both),	or	some	type	of	bonded	retainer.	The	principal	fibers	of	the	periodontium	must	accommodate	to	the	new	intruded	position,	a	process	that	could	take	a	minimum	of	6	months	in	most	adult	patients.	Orthodontic	intrusion	of	severely	abraded	and	overerupted	teeth	is	usually	a
distinct	advantage	over	periodontal	crown	lengthening,	unless	the	patient	has	extremely	long	and	broad	roots	or	has	had	an	extensive	horizontal	periodontal	bone	loss.	Open	Gingival	Embrasures	The	presence	of	a	papilla	between	the	maxillary	central	incisors	is	a	key	esthetic	factor	in	any	individual.	Occasionally,	adults	have	open	gingival
embrasures	or	lack	gingival	papillae	between	their	central	incisors.	These	unesthetic	areas	are	639	often	difficult	to	resolve	with	periodontal	therapy.	However,	orthodontic	treatment	can	correct	many	of	these	open	gingival	embrasures.	This	open	space	is	usually	caused	by	(1)	tooth	shape,	(2)	root	angulation,	or	(3)	periodontal	bone	loss.	The
interproximal	contact	between	the	maxillary	central	incisors	consists	of	two	parts:	the	tooth	contact	and	the	papilla.	The	papilla/contact	ratio	is	1:	1.	Half	the	space	is	occupied	by	papilla	and	half	is	formed	by	the	tooth	contact.	If	the	patient	has	an	open	embrasure,	the	first	aspect	that	must	be	evaluated	is	whether	the	problem	is	caused	by	the	papilla
or	the	tooth	contact.	If	the	papilla	is	the	problem,	the	cause	is	usually	a	lack	of	bone	support	because	of	an	underlying	periodontal	problem.	In	some	situations,	a	deficient	papilla	can	be	improved	with	orthodontic	treatment.	By	closing	open	contacts,	the	interproximal	gingiva	can	be	squeezed	and	moved	incisally.	This	type	of	movement	may	help
create	a	more	esthetic	papilla	between	two	teeth	despite	alveolar	bone	loss.	Another	possibility	is	to	erupt	adjacent	teeth	when	the	interproximal	bone	level	is	positioned	apically.	Most	open	embrasures	between	the	central	incisors	are	caused	by	problems	with	tooth	contact.	The	first	step	in	the	diagnosis	of	this	problem	is	to	evaluate	a	periapical
radiograph	of	the	central	incisors.	If	the	root	angulation	is	divergent,	the	brackets	should	be	repositioned	so	that	the	root	position	can	be	corrected	(Fig.	54.8).	In	these	patients	the	incisal	edges	may	be	uneven	and	require	restoration	with	either	composite	or	porcelain	restorations.	If	the	periapical	radiograph	shows	that	the	roots	are	in	their	correct
relationship,	the	open	gingival	embrasure	is	caused	by	a	triangular	tooth	shape	(Fig.	54	9)	If	the	shape	of	the	tooth	is	the	problem,	two	solutions	are	possible:	(1)	restoration	of	the	open	gingival	embrasure	or	(2)	reshaping	of	the	tooth	by	flattening	the	incisal	contact	and	closing	the	space	(Fig.	54.	9).	This	second	option	results	in	lengthening	of	the
contact	until	it	meets	the	papilla.	In	addition,	if	the	embrasure	space	is	large,	closing	the	space	squeezes	the	papilla	between	the	central	incisors.	This	helps	create	a	1:	1	ratio	between	the	contact	and	papilla	and	restores	FIGURE	54.8	A,	This	patient	initially	had	overlapped	maxillary	central	incisors	and	after	initial	orthodontic	alignment	of	the	teeth,
B,	an	open	gingival	embrasure	appeared	between	the	centrals.	C,	Radiograph	showed	that	the	open	embrasure	was	caused	by	divergence	of	the	central	incisor	roots.	D,	To	correct	the	problem,	the	central	incisor	brackets	were	repositioned	and	the	roots	were	moved	together.	E,	This	required	restoration	of	the	incisal	edges	after	orthodontic	therapy
because	these	teeth	had	worn	unevenly	before	therapy.	F,	As	the	roots	were	paralleled,	the	tooth	contact	moved	gingivally	and	the	papilla	moved	incisally,	resulting	in	the	elimination	of	the	open	gingival	embrasure.	640	PART	2	Clinical	Periodontics	FIGURE	54.9	A	and	B,	This	patient	initially	had	triangular-shaped	central	incisors,	which	C,	produced
an	open	gingival	embrasure	after	orthodontic	alignment.	D,	Since	the	roots	of	the	central	incisors	were	parallel	with	one	another,	the	appropriate	solution	for	the	open	gingival	embrasure	was	to	recontour	the	mesial	surfaces	of	the	central	incisors.	E,	As	the	diastema	was	closed,	the	tooth	contact	moved	gingival	ly	and	the	papilla	moved	incisal	ly,
resulting	in	F,	the	elimination	of	the	open	gingival	embrasure.	uniformity	to	the	heights	between	the	midline	and	adjacent	papillae.	Conclusion	There	are	many	benefits	to	integrating	orthodontics	and	periodontics	in	the	management	of	adult	patients	with	underlying	periodontal	defects.	The	key	to	treating	these	patients	is	communication	and	proper
diagnosis	before	orthodontic	therapy,	as	well	as	continued	dialog	during	orthodontic	treatment.	Not	all	periodontal	problems	are	treated	in	the	same	way.	This	chapter	provides	a	framework	for	the	integration	of	orthodontics	to	solve	periodontal	problems.	SUGGESTED	READINGS	Brown	IA:	The	effect	of	orthodontic	therapy	on	certain	types	of
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Periodontist	Tests	for	Disease	Activity	Maintenance	for	Dental	Implant	Patients	Preservation	of	the	periodontal	health	of	the	treated	patient	requires	as	positive	a	program	as	that	required	for	the	elimination	of	periodontal	disease.	After	Phase	I	therapy	is	completed,	patients	are	placed	on	a	schedule	of	periodic	recall	visits	for	the	maintenance	phase
to	prevent	recurrence	of	the	disease	(Figs.	55.1	and	55	2).	The	third	World	Workshop	of	the	American	Academy	of	Peridontology	1989	has	renamed	the	maintenance	phase	as	supportive	periodontal	therapy	(SPT).	This	term	was	devised	to	express	the	essential	need	for	therapeutic	measures	to	support	the	patient's	own	efforts	to	control	the
periodontal	infection	and	to	avoid	reinfection.	Transfer	of	the	patient	from	active	treatment	status	to	a	maintenance	program	is	a	definitive	step	in	total	patient	care	that	requires	time	and	effort	on	the	part	of	the	dentist	and	the	staff.	Patients	must	understand	the	purpose	of	the	maintenance	program	and	the	dentist	must	emphasize	that	preservation
of	the	teeth	depends	on	maintenance	therapy.	Patients	who	are	not	maintained	in	a	supervised	recall	program	subsequent	to	active	treatment	show	obvious	signs	of	recurrent	periodontitis	(eg,	increased	pocket	depth,	bone	loss,	or	tooth	loss).	The	more	often	patients	present	for	recommended	supportive	periodontal	treatment,	the	less	likely	they	are
to	lose	teeth.	One	study	found	that	treated	patients	who	do	not	return	for	regular	recalls	are	at	5.6	times	greater	risk	for	tooth	loss	than	compliant	patients.	Another	study	showed	that	patients	with	inadequate	SPT	after	successful	regenerative	therapy	have	a	SO-fold	increase	in	risk	of	probing	attachment	loss	as	compared	to	those	who	have	regular
recall	visits.	Motivational	techniques	and	reinforcement	of	the	importance	of	the	maintenance	phase	of	treatment	should	be	considered	before	performing	definitive	periodontal	surgery.	Studies	show	that	few	patients	display	complete	compliance	with	recommended	maintenance	schedules	(Fig.	55.3).	It	is	meaningless	simply	to	infarm	patients	that
they	are	to	return	for	periodic	recall	visits	without	clearly	explaining	the	significance	of	these	visits	and	describing	what	is	expected	of	patients	between	visits.	The	maintenance	phase	of	periodontal	treatment	starts	immediately	after	the	completion	of	Phase	I	therapy	(Figs.	55.1	and	55.2).	While	the	patient	is	in	the	maintenance	phase,	the	necessary
surgical	and	restorative	procedures	are	performed.	This	ensures	that	all	areas	of	the	mouth	retain	the	degree	of	health	attained	after	Phase	I	therapy.	Rationale	for	Supportive	Periodontal	Treatment	Studies	show	that	even	with	appropriate	periodontal	therapy,	some	progression	of	disease	is	possible.	One	likely	explanation	for	the	recurrence	of
periodontal	disease	is	incomplete	subgingival	plaque	removal.	If	subgingival	plaque	is	left	behind	during	scaling,	it	regrows	within	the	pocket.	The	regrowth	of	subgingival	plaque	is	a	slow	process	compared	to	that	of	supragingival	plaque.	During	this	period	(perhaps	months),	the	subgingival	plaque	may	not	induce	inflammatory	reactions	that	can	be
discerned	at	the	gingival	margin.	The	clinical	diagnosis	may	be	further	confused	by	the	introduction	of	adequate	supragingival	plaque	control	because	the	inflammatory	reactions	caused	by	the	plaque	in	the	soft-tissue	wall	of	the	pocket	are	not	likely	to	be	manifested	clinically	as	gingivitis.	Thus,	inadequate	subgingival	plaque	control	can	lead	to
continued	loss	of	attachment	even	without	the	presence	of	clinical	gingival	inflammation.	Bacteria	are	present	in	the	gingival	tissues	in	chronic	and	aggressive	periodontitis	cases.	Eradication	of	intragingival	microorganisms	may	be	necessary	for	a	stable	periodontal	result.	Scaling,	root	planing,	and	even	flap	surgery	may	not	eliminate	intragingival
bacteria	in	some	areas.	These	bacteria	may	recolonize	the	pocket	and	cause	recurrent	disease.	Bacteria	associated	with	periodontitis	can	be	transmitted	between	spouses	and	other	family	members.	Patients	who	appear	to	be	successfully	treated	can	become	infected	or	reinfected	with	potential	pathogens.	This	is	especially	likely	in	patients	with
remaining	pockets.	643	644	PART	2	Clinical	Periodontics	Phase	I	Reevaluation	•complete	DNone	Phase	II	(periodontal	surgery)	-	Erratic	34.13%	Phase	Ill	(restorative)	Phase	IV	(maintenance)	FIGURE	55.1	Incorrect	sequence	of	periodontal	treatment	phases.	Maintenance	phase	should	be	started	immediately	after	the	reevaluation	of	Phase	I	therapy.
Phase	I	Reevaluation	Phase	IV	(maintenance)	II	Phase	II	(periodontal	surgery)	FIGURE	55.2	Phase	Ill	(restorative)	Correct	sequence	of	periodontal	treatment	phases.	Another	possible	explanation	for	the	recurrence	of	periodontal	disease	is	the	microscopic	nature	of	the	dentogingival	unit	healing	after	periodontal	treatment.	Histologic	studies	have
shown	that	after	periodontal	procedures,	tissues	usually	do	not	heal	by	formation	of	new	connective	tissue	attachment	to	root	surfaces	but	result	in	a	long	junctional	epithelium.	It	has	been	speculated	that	this	type	of	dentogingival	unit	may	be	weaker	and	that	inflammation	may	rapidly	separate	the	long	junctional	epithelium	from	the	tooth.	Thus,
treated	periodontal	patients	may	be	predisposed	to	recurrent	pocket	formation	if	maintenance	care	is	not	optimal.	Subgingival	scaling	alters	the	micro.flora	of	periodontal	pockets.	In	one	study,	a	single	session	of	scaling	and	root	planing	in	patients	with	chronic	periodontitis	resulted	in	significant	changes	in	subgingival	microflora.	Reported
alterations	included	a	decrease	in	the	proportion	of	motile	rods	for	1	week,	a	marked	elevation	in	the	proportion	of	coccoid	cells	for	21	days,	and	a	marked	reduction	in	the	proportion	of	Spirochetes	for	7	weeks.	Although	pocket	debridement	suppresses	components	of	the	subgingival	microflora	associated	with	periodontitis,	periodontal	pathogens	may
return	to	baseline	levels	within	days	FIGURE	55.3	Compliance	with	maintenance	therapy	in	961	patients	studied	for	1	to	8	years.	(Modified	from	Wilson	TC	Jr,	Clover	ME,	Schoen	/,	et	al:	J	Periodontal	55:468,	1984.)	or	months.	The	return	of	pathogens	to	pretreatment	levels	generally	occurs	in	approximately	9-11	weeks	but	can	vary	dramatically
among	patients.	Both	the	mechanical	debridement	performed	by	the	therapist	and	the	motivational	environment	provided	by	the	appointment	seem	to	be	necessary	for	good	maintenance	results.	Patients	tend	to	reduce	their	oral	hygiene	efforts	between	appointments.	Knowing	that	their	hygiene	will	be	evaluated	motivates	them	to	perform	better	oral
hygiene	in	anticipation	of	the	appointment.	In	one	study,	the	proportion	of	Spirochetes	obtained	in	baseline	samples	of	subgingival	flora	is	highly	correlated	with	clinical	periodontal	deterioration	over	1	year.	However,	subsequent	reports	in	the	same	longitudinal	study	concluded	that	the	arbitrary	assignment	of	treated	periodontitis	patients	to	3-
month	maintenance	intervals	appears	to	be	as	effective	in	preventing	recurrences	of	periodontitis	as	assignment	of	recall	intervals	based	on	microscopic	monitoring	of	the	subgingival	flora.	Microscopic	monitoring	was	found	not	to	be	a	reliable	predictor	of	future	periodontal	destruction	in	patients	on	3-month	recall	programs,	presumably	because	of
the	alteration	of	subgingival	flora	produced	by	subgingival	instrumentation.	In	conclusion,	there	is	a	sound	scientific	basis	Jor	recall	maintenance	because	subgingival	scaling	alters	the	pocket	micro.flora	for	variable	but	relatively	long	periods.	Maintenance	Program	Periodic	recall	visits	form	the	foundation	of	a	meaningful	long-term	prevention
program.	The	interval	between	visits	is	initially	set	at	3	months	but	may	be	varied	according	to	the	patient's	needs.	Periodontal	care	at	each	recall	visit	comprises	three	parts	(Box	55.1).	The	first	part	involves	examination	and	evaluation	of	the	patient's	current	oral	health.	The	second	part	includes	the	necessary	maintenance	treatment	and	oral
hygiene	reinforcement.	The	third	part	involves	scheduling	the	patient	for	the	next	recall	appointment,	additional	periodontal	treatment,	or	restorative	dental	procedures.	The	time	required	for	a	recall	visit	for	patients	with	multiple	teeth	in	both	arches	is	approximately	1	h,	which	includes	time	for	greeting	the	patient,	setting	up,	and	cleaning	up.	55
Supportive	Periodontal	Treatment	645	PART	I:	EXAMINATION	(Approximate	time:	14	min)	Patient	greeting	Medical	history	changes	Oral	pathologic	examination	Oral	hygiene	status	Gingival	changes	Pocket	depth	changes	Mobility	changes	Occlusal	changes	Dental	caries	Restorative,	prosthetic,	and	implant	status	PART	II:	TREATMENT	(Approximate
time:	36	min)	Oral	hygiene	reinforcement	Scaling	Polishing	Chemical	irrigation	or	site-specific	antimicrobial	placement	PART	Ill:	REPORT,	CLEANUP,	AND	SCHEDULING	(Approximate	time:	10	min)	Write	report	in	chart	Discuss	report	with	patient	Clean	and	disinfect	operatory	Schedule	next	recall	visit	Schedule	further	periodontal	treatment
Schedule	or	refer	for	restorative	or	prosthetic	treatment	FIGURE	55.4	A,	Hyperplastic	gingivitis	related	to	crown	margins	and	plaque	accumulation	in	a	27-year-old	woman.	B,	4	months	after	treatment,	there	is	significant	improvement.	However,	some	inflammation	around	crown	margins	still	exists,	which	cannot	be	resolved	without	replacing	the
crowns.	Treatment	Examination	and	Evaluation	The	recall	examination	is	similar	to	the	initial	evaluation	of	the	patient.	However,	because	the	patient	is	not	new	to	the	office,	the	dentist	primarily	looks	for	changes	that	have	occurred	since	the	last	evaluation.	Analysis	of	the	current	oral	hygiene	status	of	the	patient	is	essential.	Updating	of	changes	in
the	medical	history	and	evaluation	of	restorations,	caries,	prostheses,	occlusion,	tooth	mobility,	gingival	status,	and	periodontal	and	periimplant	probing	depths	are	important	parts	of	the	recall	appointment.	The	oral	mucosa	should	be	carefully	inspected	for	pathologic	conditions	(Figs.	55.4-55.9)	Radiographic	examination	must	be	individualized,
depending	on	the	initial	severity	of	the	case	and	the	findings	at	the	recall	visit	(Table	55.1)	These	are	compared	with	findings	on	previous	radiographs	to	check	the	bone	height	and	look	for	repair	of	osseous	defects,	signs	of	trauma	from	occlusion,	periapical	pathologic	changes,	and	caries.	Checking	of	Plaque	Control	To	assess	the	effectiveness	of	their
plaque	control,	patients	should	perform	their	hygiene	regimen	immediately	before	the	recall	appointment.	Plaque	control	must	be	reviewed	and	corrected	until	the	patient	demonstrates	the	necessary	proficiency	even	if	additional	instruction	sessions	are	required.	Patients	instructed	in	plaque	control	have	less	plaque	and	gingivitis	than	uninstructed
patients	and	the	amount	of	supragingival	plaque	affects	the	number	of	subgingival	anaerobic	organisms.	The	required	scaling	and	root	planing	are	performed,	followed	by	an	oral	prophylaxis.	Care	must	be	taken	not	to	instrument	normal	sites	with	shallow	sulci	(1-3	mm	deep)	because	studies	have	shown	that	repeated	subgingival	scaling	and	root
planing	in	initially	normal	periodontal	sites	result	in	significant	loss	of	attachment.	Irrigation	with	antimicrobial	agents	or	placement	of	site-specific	antimicrobial	devices	is	performed	in	maintenance	patients	with	remaining	pockets.	Recurrence	of	Periodontal	Disease	Occasionally,	lesions	may	recur,	which	often	can	be	traced	to	inadequate	plaque
control	on	the	part	of	the	patient	or	failure	to	comply	with	recommended	SPT	schedules.	It	should	be	understood,	however,	that	it	is	the	dentist's	responsibility	to	teach,	motivate,	and	control	the	patient's	oral	hygiene	technique,	and	the	patient's	failure	is	the	dentist's	failure.	Surgery	should	not	be	undertaken	unless	the	patient	has	shown	proficiency
and	willingness	to	cooperate	by	adequately	performing	his	or	her	part	of	therapy.	Other	causes	for	recurrence	include	the	following	points:	1.	Inadequate	or	insufficient	treatment	that	has	failed	to	remove	all	the	potential	factors	favoring	plaque	accumulation	(Fig.	55.4).	Incomplete	calculus	removal	in	areas	of	difficult	access	is	a	common	source	of
problems.	2.	Inadequate	restorations	placed	after	the	periodontal	treatment	was	completed.	3.	Failure	of	the	patient	to	return	for	periodic	checkups	(Fig.	55.6).	This	may	be	a	result	of	the	patient's	conscious	646	PART	2	Clinical	Periodontics	FIGURE	55.5	A,	Patient	was	38	years	old	when	these	original	radiographs	were	taken	and	was	treated	with	a
combination	of	surgical	and	nonsurgical	therapy.	This	individual	is	a	classic	class	C	maintenance	patient.	B,	Pretreatment	photograph.	Note	the	inflammation	and	heavy	calculus	deposits.	C,	Photograph	taken	1	0	years	after	treatment.	D,	Radiographs	taken	5	years	after	treatment.	E,	Radiographs	taken	1	0	years	after	treatment.	The	radiographic
appearance	is	as	good	as	can	be	expected	in	such	a	severe	case.	Teeth	#15	and	#17	were	extracted	8	years	after	treatment.	55	Supportive	Periodontal	Treatment	647	(A)	FIGURE	55.6	This	series	of	radiographs	clearly	shows	the	importance	of	maintenance	therapy.	A,	Original	radiograph	of	a	58-year-old	male.	Note	the	deep	distal	bone	loss	on	tooth
#18	and	the	moderate	distal	lesion	of	tooth	#19.	Surgical	treatment	included	osseous	grafting.	B,	Radiograph	14	months	after	surgical	therapy.	The	patient	had	recall	maintenance	performed	every	3-4	months.	C,	Appearance	3	years	after	surgery,	with	regular	recalls	every	3-4	months.	D,	Appearance	after	2	years	without	recalls	(7	years	after
surgery).	Note	the	progression	of	the	disease	on	the	distal	surfaces	of	teeth	#18	and	#19.	FIGURE	55.7	Advanced	cases	sometimes	do	better	than	expected	when	the	patient	complies	with	maintenance	therapy.	A,	Initial	radiographs	showing	a	very	advanced	case.	The	maxillary	arch	had	extractions	and	nonsurgical	treatment.	A	plastic	partial	denture
was	placed	and	was	expected	to	grow	into	a	full	denture	within	a	few	years.	The	mandibular	arch	was	treated	with	periodontal	surgery,	and	a	permanent,	metal	and	plastic,	removable	partial	denture	was	placed.	B,	Radiographs	taken	8	years	later.	The	patient	performed	good	oral	hygiene	and	had	3-month	recalls.	Teeth	#12	and	#15	required
extraction.	648	PART	2	Clinical	Periodontics	FIGURE	55.8	A,	Initial	radiographs.	The	patient	was	advised	to	have	localized	areas	of	periodontal	surgery	and	periodontal	recall	every	3	months.	However,	the	patient	did	not	comply	and	only	had	dental	cleanings	once	or	twice	yearly.	B,	Radiographs	4	years	later.	Note	the	loss	of	teeth	#5	and	#15	and	the
increased	bone	loss	of	several	premolars	and	molars.	or	unconscious	decision	not	to	continue	treatment	or	the	failure	of	the	dentist	and	staff	to	emphasize	the	need	for	periodic	examinations.	4.	Presence	of	some	systemic	diseases	that	may	affect	host	resistance	to	previously	acceptable	levels	of	plaque.	A	failing	case	can	be	recognized	by	the	following
signs:	1.	Recurring	inflammation	revealed	by	gingival	changes	and	bleeding	of	the	sulcus	on	probing.	2.	Increasing	depth	of	sulci,	leading	to	the	recurrence	of	pocket	formation.	3.	Gradual	increases	in	bone	loss,	as	determined	by	radiographs.	4.	Gradual	increases	in	tooth	mobility,	as	ascertained	by	clinical	examination.	Cases	that	do	not	respond	to
adequate	therapy	or	recur	for	unknown	reasons	are	referred	to	as	refractory	cases,	which	may	be	seen	in	chronic	or	aggressive	periodontitis.	The	decision	to	retreat	a	periodontal	patient	should	not	be	made	at	the	preventive	maintenance	appointment	but	should	be	postponed	for	1-2	weeks.	Often	the	mouth	looks	much	better	at	that	time	because	of
the	resolution	of	edema	and	the	resulting	improved	tone	of	the	gingiva.	Table	55.2	summarizes	the	symptoms	of	recurrence	of	periodontal	disease	and	their	probable	causes.	Classification	of	Posttreatment	Patients	The	first	year	after	periodontal	therapy	is	important	in	terms	of	indoctrinating	the	patient	in	a	recall	pattern	and	reinforcing	oral	hygiene
techniques.	In	addition,	it	may	take	several	months	to	evaluate	the	results	of	some	periodontal	surgical	procedures	accurately.	Consequently,	some	areas	may	have	to	be	retreated	because	the	results	may	not	be	optimal.	Furthermore,	the	first-year	patient	often	has	etiologic	factors	that	may	have	been	overlooked	and	may	be	more	amenable	to
treatment	at	this	early	stage.	For	these	reasons,	the	recall	interval	for	first-year	patients	should	not	be	longer	than	3	months.	The	patients	who	are	on	a	periodontal	recall	schedule	are	a	varied	group.	Table	55.3	lists	several	categories	of	maintenance	patients	and	a	suggested	recall	interval	for	each.	Patients	can	improve	or	may	relapse	to	a	different
classification,	with	a	reduction	in	or	exacerbation	of	periodontal	disease.	When	one	dental	arch	is	more	involved	than	the	other,	the	patient's	periodontal	disease	is	classified	by	the	arch	with	the	worse	condition.	In	summary,	maintenance	care	is	a	critical	phase	of	therapy.	The	long-term	preservation	of	the	dentition	is	closely	associated	with	the
frequency	and	quality	of	recall	maintenance.	55	Supportive	Periodontal	Treatment	649	A,	Initial	radiographs.	The	patient	was	advised	to	have	localized	areas	of	periodontal	surgery	and	periodontal	recall	every	3	months.	However,	the	patient	did	not	comply	and	had	no	treatment	other	than	emergency	care	and	occasional	dental	cleanings.	B,
Radiographs	7	years	later.	Note	the	advanced	bone	loss	and	caries	on	many	teeth.	FIGURE	55.9	TABLE	55.1	RADIOGRAPHIC	EXAMINATION	OF	RECALL	PATIENTS	FOR	SUPPORTIVE	PERIODONTAL	TREATMENTa	Patient	Condition/Situation	Type	of	Examination	Clinical	caries	or	high-risk	factors	for	caries	No	clinical	caries	and	no	high-risk
factors	for	caries	Periodontal	disease	not	under	good	control	History	of	periodontal	treatment	with	disease	under	good	control	Root	form	dental	implants	Posterior	bite-wing	examination	at	6-18-month	intervals	Posterior	bite-wing	examination	at	24-36-month	intervals	Periapical	and/or	vertical	bite-wing	radiographs	of	problem	areas	every	12-24
months	Bite-wing	examination	every	24-36	months	Transfer	of	periodontal	or	implant	maintenance	patients	Periapical	or	vertical	bite-wing	radiographs	after	prosthetic	placement	and	at	12	and	24	months,	then	every	24-36	months	unless	clinical	problems	arise	Full-mouth	series	if	a	current	set	is	not	available.	If	full-mouth	series	has	been	taken	within
24	months,	radiographs	of	implants	and	periodontal	problem	areas	should	be	taken	Radiographs	should	be	taken	when	they	are	likely	to	affect	diagnosis	and	patient	treatment.	The	recommendations	in	this	table	are	subject	to	clinical	judgment	and	may	not	apply	to	every	patient.	'Adapted	from	American	Dental	Association:	Guide	to	patient	selection
and	limiting	radiation	exposure	(website).	.	Accessed	May	24,	2013.	Referral	of	Patients	to	the	Periodontist	Many	periodontal	patients	can	be	well	managed	by	the	general	dentist	as	more	people	retain	their	teeth	throughout	their	lifetime	and	as	the	proportion	of	older	people	in	the	population	increases,	more	teeth	will	be	at	risk	of	periodontal	disease.
Considerable	research	shows	possible	links	between	periodontal	disease	and	systemic	diseases,	such	as	heart	disease,	stroke,	diabetes,	and	adverse	pregnancy	outcomes.	Therefore,	the	prevalence	of	patients	requiring	SPT	is	likely	to	increase	in	the	future.	This	expected	increase	in	the	number	of	periodontal	patients	will	necessitate	a	greater
understanding	of	periodontal	problems	and	an	increased	level	of	expertise	for	the	solution	of	such	problems	on	the	part	of	the	general	practitioner	of	650	PART	2	Clinical	Periodontics	TABLE	55.2	SYMPTOMS	AND	CAUSES	OF	RECURRENCE	OF	DISEASE	Symptom	Possible	Causes	Increased	mobility	Increased	inflammation	Poor	oral	hygiene
Subgingival	calculus	Inadequate	restorations	Deteriorating	or	poorly	designed	prostheses	Systemic	disease	modifying	host	response	to	plaque	Toothbrush	abrasion	Inadequate	keratinized	gingiva	Frenum	pull	Orthodontic	therapy	Occlusal	trauma	caused	by	lateral	occlusal	interference,	bruxism,	and	high	restoration	Poorly	designed	or	worn-out
prosthesis	Poor	crown-to-root	ratio	Poor	oral	hygiene	Infrequent	recall	visits	Subgingival	calculus	Poorly	fitting	partial	denture	Mesia!	inclination	into	edentulous	space	Failure	of	new	attachment	surgery	Cracked	teeth	Grooves	in	teeth	New	periodontal	disease	Gingival	overgrowth	caused	by	medication	Poor	oral	hygiene	Subgingival	calculus
Infrequent	recall	visits	Inadequate	or	deteriorating	restorations	Poorly	designed	prostheses	Inadequate	surgery	Systemic	disease	modifying	host	response	to	plaque	Cracked	teeth	Grooves	in	teeth	New	periodontal	disease	Recession	Increased	mobility	with	no	change	in	pocket	depth	and	no	radiographic	change	Increased	pocket	depth	with	no
radiographic	change	Increased	pocket	depth	with	increased	radiographic	bone	loss	dentistry.	General	dentists	must	know	when	comanagement	with	a	periodontist	is	indicated.	Specialists	are	needed	to	treat	particularly	difficult	periodontal	cases,	patients	with	systemic	health	problems,	dental	implant	patients,	and	those	with	a	complex	prosthetic
construction	that	requires	reliable	results.	The	question	of	where	to	draw	the	line	between	the	cases	to	be	treated	in	the	general	dental	office	and	those	to	be	referred	to	a	specialist	varies	for	different	practitioners	and	patients,	and	the	American	Academy	of	Periodontology	has	issued	guidelines	to	help	the	general	practitioner	decide	when
comanagement	with	a	periodontist	is	indicated.	The	diagnosis	indicates	the	type	of	periodontal	treatment	required.	If	periodontal	destruction	necessitates	surgery	on	the	distal	surfaces	of	second	molars,	extensive	osseous	surgery,	or	complex	regenerative	procedures,	the	patient	is	usually	best	treated	by	a	specialist.	On	the	other	hand,	patients	who
require	localized	gingivectomy	or	flap	curettage	usually	can	be	treated	by	the	general	dentist.	It	is	immediately	obvious	that	some	patients	should	be	referred	to	a	specialist,	whereas	most	patients	clearly	have	problems	that	can	be	treated	by	a	general	dentist.	For	a	third	group	of	patients,	however,	it	will	be	difficult	to	decide	whether	treatment	by	a
specialist	is	required.	Any	patient	who	does	not	clearly	belong	in	the	second	category	(Table	55.3)	should	be	considered	a	candidate	for	referral	to	a	specialist.	The	decision	to	have	the	general	practitioner	treat	a	patient's	periodontal	problem	should	be	guided	by	a	consideration	of	the	degree	of	risk	that	the	patient	will	lose	a	tooth	or	teeth	for
periodontally	related	reasons	or	the	risk	of	the	periodontal	disease	contributing	to	their	general	health	problems.	The	most	important	factors	in	the	decision	are	the	extent	and	location	of	the	periodontal	deterioration.	Teeth	with	pockets	of	5	mm	or	more,	as	measured	from	the	cementoenamel	junction,	may	have	a	prognosis	of	rapid	decline.	The
location	of	the	periodontal	deterioration	is	also	an	important	factor	in	determining	the	risk	of	tooth	loss.	Teeth	with	furcation	lesions	may	be	at	risk	even	when	more	than	50%	of	bone	support	remains.	Therefore,	patients	with	strategically	important	teeth	that	fall	into	these	categories	are	usually	best	treated	by	specia	!is	ts.	An	important	question
remains:	Should	the	maintenance	phase	of	therapy	be	perfarmed	by	the	general	practitioner	or	the	specialist?	This	should	be	determined	by	the	amount	of	periodontal	deterioration	present.	Class	A	recall	patients	should	be	maintained	by	the	general	dentist,	whereas	Class	C	patients	should	be	maintained	by	the	specialist	(Table	55.3).	Class	B	patients
can	alternate	recall	visits	between	the	general	practitioner	and	the	specialist	(Fig.	55.10).	The	suggested	rule	is	that	the	patient's	disease	should	dictate	whether	the	general	practitioner	or	the	specialist	should	perform	the	maintenance	therapy.	Tests	for	Disease	Activity	Even	though	periodontal	patients	have	received	effective	periodontal	therapy,
they	are	at	risk	of	disease	recurrence	for	the	rest	of	their	lives.	In	addition,	many	pockets	in	furcation	areas	may	not	have	been	eliminated	by	surgery.	The	best	way	of	determining	areas	that	are	losing	attachment	is	to	use	a	wellorganized	charting	system.	Some	computerized	systems	allow	easy	retrieval	and	comparison	of	past	findings.	Comparison	of
sequential	probing	measurements	gives	the	most	accurate	indication	of	the	rate	of	loss	of	attachment.	A	number	of	other	clinical	and	laboratory	variables	have	been	correlated	with	disease	activity.	No	accurate	method	of	predicting	disease	activity	exists,	and	clinicians	rely	on	the	information	provided	by	combining	probing,	bleeding	on	probing,	and
sequential	attachment	measurements.	Patients	whose	disease	is	clearly	refractory	are	candidates	for	bacterial	culturing	and	antibiotic	therapy	in	conjunction	with	additional	mechanical	therapy.	New	methods	will	undoubtedly	be	developed	in	the	future	to	help	predict	disease	activity.	The	clinician	must	be	able	to	interpret	whether	a	test	may	be
useful	in	determining	disease	activity	and	future	loss	of	attachment.	Tests	should	be	adopted	only	when	they	are	based	on	research	that	includes	a	critical	analysis	of	the	sensitivity,	specificity,	disease	incidence,	and	predictive	value	of	the	proposed	test.	55	Supportive	Periodontal	Treatm	ent	651	TABLE	55.3	RECALL	INTERVALS	FOR	VARIOUS
CLASSES	OF	RECALL	PATIENTS	Merin	Classification	Characteristics	Recall	Interval	First	year	First-year	patient:	routine	therapy	and	uneventful	healing	First-year	patient:	difficult	case	with	complicated	prosthesis,	furcation	involvement,	poor	crown-to-root	ratios,	or	questionable	patient	cooperation	Excellent	results	well	maintained	for	1	year	or
more	Patient	displays	good	oral	hygiene,	minimal	calculus,	no	occlusal	problems,	no	complicated	prostheses,	no	remaining	pockets,	and	no	teeth	with	less	than	50%	of	alveolar	bone	remaining	Generally	good	results	maintained	reasonably	well	for	1	year	or	more,	but	patient	displays	some	of	the	following	factors:	1.	Inconsistent	or	poor	oral	hygiene	2.
Heavy	calculus	formation	3.	Systemic	disease	that	predisposes	to	periodontal	breakdown	4.	Some	remaining	pockets	5.	Occlusal	problems	6.	Complicated	prostheses	7.	Ongoing	orthodontic	therapy	8.	Recurrent	dental	caries	9.	Some	teeth	with	less	than	50%	of	alveolar	bone	support	10.	Smoking	11.	Positive	family	history	or	genetic	test	12.	More
than	20%	of	pockets	bleed	on	probing	Generally	poor	results	after	periodontal	therapy	and/or	several	negative	factors	from	the	following	list:	1.	Inconsistent	or	poor	oral	hygiene	2.	Heavy	calculus	formation	3.	Systemic	disease	that	predisposes	to	periodontal	breakdown	4.	Many	remaining	pockets	5.	Occlusal	problems	6.	Complicated	prostheses	7.
Recurrent	dental	caries	8.	Periodontal	surgery	indicated	but	not	performed	for	medical,	psychologic,	or	financial	reasons	9.	Many	teeth	with	less	than	50%	of	alveolar	bone	support	10.	Condition	too	far	advanced	to	be	improved	by	periodontal	surgery	11.	Smoking	12.	Positive	family	history	or	genetic	test	13.	More	than	20%	of	pockets	bleed	on
probing	3	months	1-2	months	Class	A	Class	B	Class	C	Periodontitis	A	C	Class	A	Mild	or	localized	B	Moderate	C	Advanced	General	dentist	Specialist	FIGURE	55.10	Scheme	for	determining	which	practitioner	should	perform	periodontal	maintenance	in	patients	with	different	degrees	of	periodontitis.	Maintenance	for	Dental	Implant	Patients	According
to	the	American	Academy	of	Periodontology	report,	periimplant	diseases	present	in	two	forms-periimplant	mucositis	and	periimplantitis.	Periimplant	mucositis	is	defined	as	a	disease	in	which	the	presence	of	inflammation	is	6	months	to	1	year	3-4	months	(decide	on	recall	interval	based	on	number	and	severity	of	negative	factors)	1-3	months	(decide
on	recall	interval	based	on	number	and	severity	of	negative	factors;	consider	retreating	some	areas	or	extracting	severely	involved	teeth)	confined	to	the	soft	tissues	surrounding	a	dental	implant	with	no	signs	of	loss	of	supporting	bone	beyond	biologic	bone	remodeling.	Periimplantitis	is	defined	as	a	process	around	an	implant	that	includes	both	soft-
tissue	inflammation	and	progressive	bone	loss	beyond	biologic	bone	remodeling.	A	system	systematic	review	showed	a	frequency	of	periimplant	mucositis	of	30.	7%	of	implants	and	a	frequency	of	periimplantitis	of	9	.6%	of	implants.	Patients	with	periodontitis-associated	tooth	loss	are	at	a	significantly	increased	risk	of	developing	periimplantitis.	The
overall	periodontal	condition	in	partially	edentulous	implant	patients	can	influence	the	clinical	condition	around	implants.	The	microflora	of	implants	in	partially	edentulous	patients	differs	from	that	in	edentulous	patients.	The	implant	microflora	is	similar	to	tooth	microflora	in	the	partially	edentulous	mouth.	Periodontal	and	implant	maintenance	are
linked	because	maintenance	of	a	tooth	microflora	consistent	with	periodontal	health	is	necessary	to	maintain	implant	microflora	consistent	with	periimplant	health.	Since	periimplantitis	is	difficult	to	treat,	it	is	extremely	important	to	treat	periodontal	disease	before	implant	placement	and	to	provide	good	supportive	therapy	with	implant	patients.	652
PART	2	Clinical	Periodontics	In	general,	procedures	for	maintenance	of	patients	with	implants	are	similar	to	those	for	patients	with	natural	teeth	except	for	the	following	three	differences:	1.	Special	instrumentation	that	will	not	scratch	the	implants	is	used	for	calculus	removal	on	the	implants.	2.	Acidic	fluoride	prophylactic	agents	are	avoided.	3.
Nonabrasive	prophy	pastes	are	used.	During	the	phase	after	uncovering	the	implants,	patients	must	use	ultrasoft	brushes,	chemotherapeutic	rinses,	tartarcontrol	pastes,	irrigation	devices,	and	yarnlike	materials	to	keep	the	implants	and	natural	teeth	clean.	Patients	are	often	reluctant	to	touch	the	implants	but	must	be	encouraged	to	keep	the	areas
clean.	Special	instruments	should	be	used	on	the	implants	during	recall	appointments.	Metal-hand	instruments	and	ultrasonicand	sonic	tips	should	be	avoided	because	they	can	alter	the	titanium	surface.	Only	plastic	instruments	or	specially	designed	gold-plated	curettes	should	be	used	for	calculus	removal	because	the	implant	surfaces	can	be	easily
scratched.	The	rubber	cup	with	flour	of	pumice,	tin	oxide,	or	special	implantpolishing	pastes	should	be	used	on	abutment	surfaces	with	light,	intermittent	pressure.	Although,	the	daily	use	of	topically	applied	antimicrobials	is	advised,	acidic	fluoride	agents	should	not	be	used	because	they	cause	surface	damage	to	titanium	abutments.	When	prosthetics
must	be	unscrewed	and	removed	for	maintenance,	it	is	best	done	in	the	office	responsible	for	placing	the	prosthetics.	Each	time	the	prosthetic	appliances	are	reattached,	a	slight	change	in	the	occlusion	occurs.	Time	must	be	allowed	for	occlusal	corrections.	SUGGESTED	READINGS	American	Academy	of	Periodontology:	Position	paper:	periodontal
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into	the	Jaws	for	the	purpose	of	replacing	teeth.	Over	the	past	few	centuries,	a	variety	of	materials	have	been	implanted	into	jaws	in	an	attempt	replace	missing	teeth.	The	success	of	these	early	implants	was	extremely	poor	primarily	because	they	never	achieved	a	stable	state	of	integration	with	the	supporting	tissues.	The	typical	outcome,	regardless
of	material	or	design,	was	healing	with	a	soft	tissue	layer	interposed	between	the	implant	and	bone	(ie,	fibrous	encapsulation).	Consequently,	implants	became	mobile,	infected,	and	painful,	which	led	to	failure.	The	history	of	modern	implant	dentistry	began	with	the	introduction	of	titanium	implants.	In	the	1950s,	Per-Ingvar	Branernark,	a	Swedish
professor	of	anatomy,	had	a	serendipitous	finding	while	studying	blood	circulation	in	bone	that	became	a	historical	breakthrough	in	medicine.	He	discovered	an	intimate	bone-to-implant	apposition	with	titanium	that	offered	sufficient	strength	to	cope	with	load	transfer.	He	called	the	phenomenon	"osseointegration"	and	developed	an	implant	system
with	a	specific	protocol	to	predictably	achieve	it.	The	implants	were	used	to	anchor	prosthetic	replacement	teeth	in	the	edentulous	jaw,	and	the	first	patient	was	successfully	treated	in	1965.	Subsequent	clinical	studies	proved	that	commercially	pure	(CP)	titanium	implants,	placed	with	a	strict	protocol,	including	an	unloaded	healing	period,	could
predictably	achieve	osseointegration	and	retain	a	full-arch	prosthesis	in	function	with	a	long-term	success	(15	years).	Since	that	time,	millions	of	patients	worldwide	have	had	missing	teeth	replaced	with	implants	based	on	this	original	concept.	Over	the	years,	implant	systems	with	variations	in	design	(geometric	and	surface	characteristics)	and
modified	protocols	have	been	developed	and	used	with	equal	or	better	long-term	success.	Today,	implant	designs,	surgical	placement	techniques,	healing	times,	and	restorative	protocols	continue	to	evolve	with	the	goal	of	improving	outcomes.	It	is	important	for	clinicians	to	know	periimplant	anatomy,	to	understand	the	biology,	and	to	appreciate	the
functional	capacity	of	osseointegrated	implants.	This	chapter	reviews	implant	geometry	and	surface	characteristics,	as	well	as	the	anatomical	and	biological	relationship	of	periimplant	tissues.	Implant	Geometry	(Macrodesign)	Numerous	implant	systems	with	various	geometric	(macrodesign)	designs	have	been	developed	and	used	before	the	current
implant	systems	in	use	today	Previous	implant	designs	included	blade	vents	(narrow,	flat	shape;	tapped	into	boney	trough	prepared	with	rotary	burs),	press-fit	cylindrical	(bullet	shape;	pressed	or	tapped	into	prepared	hole),	subperiosteal	(custommade	framework;	adapted	to	the	surface	of	jawbone),	and	transmandibular	(long	rods	or	posts;	placed
through	the	anterior	mandible).	Some	of	these	implant	systems	were	initially	stable	and	appeared	to	be	successful	over	short-term	periods	(eg,	5	years)	but	failed	to	remain	stable,	became	symptomatic	and/or	loose,	and	failed	over	longer	periods.	Lacking	predictability,	these	implant	systems	are	no	longer	used.	Since	the	time	of	the	Branernark
studies,	millions	of	patients	have	been	treated	worldwide	using	variations	of	these	techniques	with	implants	of	different	geometries	and	surface	characteristics.	Similar	research	including	that	of	Andre	Schroeder	in	Switzerland	in	the	mid-l	970s	contributed	to	the	success	of	endosseous	dental	implants.	The	serendipitous	finding	of	Branernark	was	that
when	a	hole	is	prepared	into	the	bone	without	overheating	or	otherwise	traumatizing	the	tissues,	an	inserted	biocompatible	implantable	device	would	predictably	achieve	an	intimate	bone	apposition,	as	long	as	655	656	PART	3	Oral	lmplantology	BOX	56.1	1.	Endosseous	implants	•	Bladelike	•	Pins	•	Cylindrical	(hollow	and	full)	•	Disklike	•	Screw
shaped	•	Tapered	and	screw	shaped	2.	Subperiosteal	framelike	implants	3.	Transmandibular	implants	micromovements	at	the	interface	were	prevented	during	the	early	healing	period.	The	history	of	the	research	endeavors	in	Sweden	provides	a	better	understanding	of	the	relevant	biologic	parameters	involved.	The	macroscopic	configuration	of
implants	has	varied	widely;	the	most	common	types	are	listed	in	Box	56.1.	Currently,	most	endosseous	implants	have	a	cylindrical	or	tapered,	screw-shaped/threaded	design.	The	disastrous	results	with	other	implant	configurations	were	largely	responsible	for	the	evolution	toward	the	current	popular	designs.	Endosseous	Implants	Blade	Implants
Blade	implants	were	designed	and	developed	by	Linkow	and	used	clinically	in	1960s	and	1970s.	Blade	implants	were	inserted	into	the	jawbone	after	mucoperiosteal	flap	elevation	and	preparation	of	a	channel	with	a	high-speed	rotary	bur.	They	were	tapped	into	the	narrow	trench.	One	or	several	posts	pierced	through	the	mucoperiosteum	after
suturing	of	the	flaps.	After	a	few	weeks	of	healing,	a	fixed	prosthesis	was	fabricated	by	a	classic	method	and	cemented	on	top	of	it.	Since	the	high-speed	drilling	leads	to	extensive	bone	necrosis	at	the	histologic	level,	fibrous	scar	tissue	formation	occurs.	This	allows	downgrowth	of	the	epithelium,	which	leads	to	marsupialization	of	the	blade	implants
(Fig.	56.1)	If	a	bacterial	infection	occurs,	it	can	lead	to	an	intractable	periimplantitis	with	ample	bone	loss.	More	importantly,	removal	of	such	implants	after	complications	implies	sacrificing	the	surrounding	jawbone.	Due	to	its	retentive	geometry,	the	blade	implant	cannot	simply	be	extracted	or	removed	by	a	trephine,	as	with	a	cylindrical	or	screw-
shaped	implant.	The	interface	between	blade	vent	implant	and	bone	was	called	fibroosseous	integration,	which	was	defined	as	a	tissueto-implant	contact:	interposition	of	healthy	dense	collagen	fibers	at	the	interface	between	the	implant	and	bone.	At	that	time,	the	fibrous	tissue	was	thought	to	be	the	replacement	of	the	periodontal	ligament;	however,
it	was	fibrous	scar	tissue	produced	following	the	bone	necrosis	initiated	by	high-speed	drilling.	This	allows	epithelial	downgrowth	around	the	post	caused	by	the	bacterial	infection,	which	leads	to	encapsulation	of	blade	implant	with	the	fibrous	scar	tissue.	Most	of	the	studies	reported	less	than	50%	success	rate	for	5-year	duration	with	the
complication	of	pocket	formation	exceeding	6	mm,	followed	by	the	significant	alveolar	bone	loss	around	the	implant.	It	was	also	a	more	complicated	and	invasive	surgery	to	remove	the	failed	implant,	which	was	sacrificing	significant	surrounding	jawbone.	As	a	result	of	the	poor	long-term	success,	as	well	as	the	high	complication	rate,	the	use	of	blade
vent	implants	has	been	significantly	reduced.	Removal	of	failed	blade	implants	often	requires	significant	cutting	and	bone	removal	despite	being	mobile.	Pins	Although	seldom	used	at	present,	in	the	classic	technique,	three	diverging	pins	were	inserted	either	transgingivally	or	after	reflection	of	mucoperiosteal	flaps	in	holes	drilled	by	spiral	drills.	At
the	point	of	convergence,	the	pins	were	interconnected	with	cement	to	ensure	the	proper	stability	because	of	their	divergence.	On	top	of	this	arrangement,	a	single	tooth	could	be	installed.	In	edentulous	jaws,	several	of	these	pin	triads	could	be	used	to	interconnect	with	a	fixed	prosthesis.	As	with	blade	implants,	the	bone	necrosis	during	drilling	leads
to	fibrous	encapsulation,	marsupialization,	and	loss	of	the	implants	because	of	infections.	A	positive	aspect,	however,	is	that	when	such	implants	must	be	removed,	removing	the	connection	at	the	place	of	convergence	is	sufficient	to	allow	easy	extraction	of	each	individual	pin.	Thus,	bone	loss	from	removal	is	minimal.	Disk	Implants	Disk	implants	are
rarely	used	at	present.	The	concept	developed	by	Scortecci	is	based	on	the	lateral	introduction	into	the	jawbone	of	a	pin	with	a	disk	on	top.	Once	introduced	into	the	bone,	the	implant	has	strong	retention	against	vertical	extraction	forces.	Implants	have	been	used	with	one,	two,	and	even	three	disks.	Unfortunately,	as	mentioned	previously	for	blade
implants,	the	cutting	of	the	bone	by	means	of	high-speed	drills	leads	to	a	fibrous	scar	tissue	surrounding	the	implant,	as	revealed	frequently	by	periimplant	radiolucencies.	Data	on	the	clinical	success	of	disk	implants	are	mostly	anecdotal.	Root	Form	(Cylindrical)	Implants	FIGURE	56.1	Blade	implant	shows	a	large	radiolucency,	indicating	that	the
fibrous	encapsulation	has	led	to	deep	pocketing	and	subsequent	bone	loss.	Neighboring	teeth	bear	the	load	of	the	implant	restoration.	The	first	implant	in	this	category,	designed	and	developed	by	Schroeder	and	coworkers	between	1974	and	1985,	was	called	III	(International	Team	for	Implantology)	hollow-cylinder,	plasma-sprayed,	one-stage	implant
(Fig.	56.2).	It	was	thought	that	the	hollow	geometry	should	provide	large	bone-to-implant	contact	and	holes	would	favorable	for	the	additional	fixation	of	the	implant.	However,	the	survival	rates	were	less	favorable	compared	to	the	other	system.	Thus,	this	system	was	withdrawn	from	clinical	use.	56	Biological	Aspects	of	Dental	Implants	657	tooth.	The
system	presented	successful	results	in	the	short	term,	but	long-term	success	rates	were	unacceptable	(38%	in	10	years),	leading	to	the	limited	use	of	this	implant	design.	For	this	reason,	this	implant	is	rarely	seen	in	the	market.	Even	when	an	intimate	bone	apposition	is	achieved,	extraction	forces	on	such	cylindrical	implants	lead	to	strong	shear
forces	at	the	bone-to-implant	interface.	Only	the	microscopic	surface	irregularities	offer	some	mechanical	retention	by	interdigitation	of	bone	growing	onto	the	implant	surface.	With	a	screw-based	geometry,	forces	acting	parallel	to	the	long	axis	of	the	implants	are	dispersed	in	many	directions.	Transmandibular	Implants	FIGURE	56.2	International
Team	for	lmplantology	(ITI)	hollow	cylinder	implant.	Note	the	hollow	geometry,	which	should	provide	large	bone-to-implant	contact,	and	holes	that	theoretically	should	be	favorable	for	the	additional	fixation	of	the	implant.	When	discussing	cylindrical	implants,	it	is	important	to	distinguish	between	hollow	and	full	cylindrical	implants.	Straumann	and
coworkers	introduced	hollow	cylinders	in	the	mid-1970s	with	the	III	system.	The	idea	was	that	implant	stability	would	benefit	from	the	large	bone-to-implant	surface	provided	by	means	of	the	hollow	geometry	It	was	also	thought	that	the	holes	(vents)	would	favor	the	ingrowth	of	bone	to	offer	additional	fixation.	The	same	concept	was	used	in	the	Core-
Vent	system	developed	by	Niznick.	Although	it	was	not	clarified	whether	the	cause	was	geometry	or	the	associated	surface	characteristics	(titanium	plasma-sprayed	surface,	titanium	alloy),	survival	statistics	were	disappointing	for	hollow	cylinder	implants.	Solid	cylindrical	implants	were	used	by	Kirsch	and	became	available	under	the	name	IMZ,
referring	to	the	internal	mobile	shoch	absorber.	The	IMZ	system,	developed	by	Kirsch,	prevailed	in	the	market	(Fig.	56.3).	The	characteristic	function	of	this	system	was	the	internal	mobile	element	(IME)	shock	absorber,	which	was	able	to	connect	with	the	adjacent	natural	FIGURE	56.3	The	IMZ	implants.	The	roughened	surface	of	the	fixture	had	an
advantage	of	higher	integration	of	bone.	Conversely,	the	surface	characteristic	added	to	the	high	frequency	of	periimplantitis	in	long-term	use.	Transmandibular	implants	were	developed	to	retain	dentures	in	the	edentulous	lower	jaw.	They	were	indicated	for	use	in	the	extremely	resorbed	edentulous	mandible	with	a	minimal	alveolar	ridge	height	less
than	10	mm.	The	implant	was	inserted	through	a	submandibular	skin	incision	and	required	general	anesthesia.	Two	models	were	available	in	the	1960s.	The	first,	called	the	staple-bone	implant,	was	developed	by	Small.	It	consisted	of	a	splint	adapted	to	the	lower	border	of	the	mandible,	to	which	it	is	fixed	by	stabilizing	pins.	Two	transmandibular
screws	were	driven	transgingivally	into	the	mouth.	The	reported	implant	survival	rate	was	93%	after	5	years	and	continued	to	exceed	90%	after	15	years.	The	other	model,	introduced	by	Bosker,	has	two	metal	splints,	one	below	the	lower	border	of	the	mandible	and	one	intraorally	to	connect	the	four	posts	piercing	through	the	soft	tissues.	The	Bosker
implant	seemed	less	reliable	than	the	staple-bone	implant,	achieving	only	70%	survival	after	5	years	in	the	mandibular	symphyseal	area.	Both	transmandibular	implants	presented	with	the	gingival	hyperplasia	or	infection	with	the	incidence	of	10-15%	of	all	cases.	Despite	the	good	long-term	survival	data	reported	(especially	for	the	staple	implant),	the
high	incidence	of	complications	and	the	necessity	of	using	general	anesthesia	for	implant	placement,	the	transmandibular	implant	design	is	rarely	used	today	Subperiosteal	Implants	Subperiosteal	implants	are	customized	according	to	a	plaster	model	derived	from	an	impression	of	the	exposed	jawbone,	before	the	surgery	planned	for	implant	insertion.
The	implant	was	designed	with	several	posts,	typically	four	or	more	for	an	edentulous	jaw,	which	passed	through	the	gingival	tissues.	Subperiosteal	implants	are	designed	to	retain	an	overdenture	although	fixed	prostheses	have	also	been	cemented	onto	the	posts.	As	a	result	of	epithelial	migration,	the	framework	of	subperiosteal	implants	usually
becomes	surrounded	by	fibrous	connective	tissue	(scar),	including	the	space	between	the	implant	and	the	bone	surface.	The	marsupialization,	as	described	earlier,	often	leads	to	infectious	complications,	which	often	necessitates	removal	of	the	implant.	Furthermore,	while	being	loaded	by	jaw	function,	jawbone	resorption	occurs	rapidly,	resulting	in	a
lack	of	adaptation	of	the	frame	to	the	bone	surface.	As	a	result	of	this	type	of	outcome,	subperiosteal	implants	are	now	rarely	used.	The	subperiosteal	implant	was	used	in	the	treatment	of	atrophic	mandibles.	The	implant	is	custom	designed	to	fit	the	mandibular	jaw	bone	using	a	plaster	model	obtained	from	an	impression	of	the	exposed	mandible.	It
consisted	of	a	cast	metal	framework	with	a	subperiosteal	component	in	contact	658	PART	3	Oral	lmplantology	FIGURE	56.4	A,	illustration	of	a	parallel,	threaded	implant.	B,	Illustration	of	a	tapered,	threaded	implant.	(Copyright	2012	BIOMET	3i,	LLC.	Used	by	permission,	all	rights	reserved.)	with	the	bone	and	a	transgingival	component	(posts),	which
were	used	to	retain	the	dental	prosthesis.	The	number	of	transgingival	posts	on	the	implants	depend	on	the	number	of	missing	teeth,	averaging	four	to	six	for	the	totally	edentulous	jaw.	Several	clinical	studies	reported	poor	survival	rates	of	less	than	50%	for	5-10	years,	with	the	frequent	complication	of	gingival	inflammation,	involving	tissue	reaction
around	the	post	caused	by	the	lack	of	soft	tissue	attachment	to	the	metal	post.	These	complications	led	to	the	development	of	sinus	tract	resorption	of	the	cortical	bone	and	exposure	of	framework.	As	a	result	of	this	higher	rate	of	failure,	as	well	as	the	significant	complications	and	surgical	invasion,	subperiosteal	implants	are	rarely	used.	The	most
common	implant	design	being	used	today	is	the	screw-shaped	or	threaded	cylindrical	implant	(Fig.	56.4A).	A	threaded	implant	design	is	preferred	because	it	engages	bone	well	and	is	able	to	achieve	good	primary	stabilization.	Even	systems	that	started	with	cylindrical	press-fit	(nonthreaded)	designs	progressively	evolved	to	a	threaded	geometry.	The
(longitudinal)	shape	of	implants	may	be	parallel	or	tapered	(Fig.	564B)	Although	a	vast	majority	of	all	implants	have	been	parallel	walled,	the	use	of	a	tapered	implant	design	has	recently	been	advocated	because	it	requires	less	space	in	the	apical	region	(ie,	better	for	placement	between	roots	or	in	narrow	anatomic	areas	with	labial	concavities).
Tapered	implants	have	also	been	advocated	for	use	in	extraction	sockets	(Fig.	56	5)	Implant	Surface	Characteristics	(M	icrodesign)	Implant	surface	characteristics	(microtopography)	have	been	shown	to	positively	influence	the	healing	process.	Accordingly,	modification	of	implant	surface	characteristics	has	been	FIGURE	56.5	A	tapered,	threaded
implant	design	is	helpful	to	minimize	apical	bone	fenestration	in	areas	such	as	the	anterior	maxilla,	as	the	result	of	the	presence	of	labial	concavities.	Tapered	implant	designs	are	also	advantageous	for	immediate	implant	placement	into	extraction	sockets.	a	major	area	of	research	interest	and	development	over	the	past	15-20	years.	Modifications	in
surface	energy,	chemical	composition,	and	surface	topography	are	known	to	influence	cellular	activity	and	tissue	responses	leading	to	enhanced	osteogenesis.	At	the	molecular	level,	modified	implant	surfaces	increase	adsorption	of	serum	proteins,	mineral	ions,	and	cytokines,	which	subsequently	promote	cellular	migration	and	attachment.	Implant
surface	characteristics	can	also	aid	in	the	retention	of	a	fibrin	clot,	thus	providing	a	migratory	pathway	for	the	differentiating	osteogenic	cells	to	reach	the	implant	surface.	Today,	implants	are	treated	with	a	variety	of	technologies	to	modify	surface	characteristics	(microscale	or	nanoscale)	to	enhance	bone	formation.	56	Biological	Aspects	of	Dental
Implants	659	Additive	Processes	The	additive	process	modifies	the	microstructure/macrostructure	and	chemical	nature	of	the	implant	surface	by	adding	materials	or	chemicals	to	the	existing	surface.	There	are	several	methods	used	to	add	materials	and/or	chemicals	to	the	implant	surface,	such	as	inorganic	mineral	coatings,	plasma	spraying,
biocoating	with	growth	factors,	fluoride,	and	particulates	or	cements	containing	calcium	phosphates,	sulfates,	or	carbonates.	The	addition	of	materials,	such	as	hydroxyapatite	(Fig.	56.6),	to	the	implant	surface	has	been	shown	to	enhance	or	accelerate	the	initial	bone	cells	adaptation	or	proliferation.	In	general,	additive	surface	modifications	tend	to
increase	the	surface	texture	greater	than	subtractive	surface	modifications,	which	results	in	topographically	"rougher"	implant	surfaces	(Fig.	56.	7).	Surface	roughness	can	also	be	increased	by	oxidizing	or	adding	an	oxide	layer	(Fig.	56.8)	Subtractive	Processes	The	subtractive	process	modifies	the	microstructure	and	chemical	nature	of	the	implant
surface	by	removing	or	altering	the	existing	surface.	The	roughness	of	implant	surface	can	be	modified	by	machining,	acid	etching,	blasting,	or	a	combination	of	these	processes	to	enhance	the	amount	or	speed	FIGURE	56.7	Scanning	electron	microscope	(SEM)	image	of	titanium	plasma-sprayed	surface	implant	with	rough	surface	characteristics.	A,
Im-	plant	with	titanium	plasma-sprayed	surface	(X40).	B,	Notably	complex	macrotopography	on	titanium	plasmasprayed	surface	(Xl	00).	C,	Titanium	plasma-sprayed	surface	with	1-25-µm	particles	(XS00).	D,	Titanium	plasmasprayed	surface	with	1-25-µm	particles	(X1000).	FIGURE	56.6	High	magnification	(acid	fuchsin-toluidine	blue;	x100)	of
hydroxyapatite-coated	implant	with	intimate	bone	approximation.	Parts	of	the	hydroxyapatite	coating	are	observed	on	the	surface.	660	PART	3	Oral	lmplantology	of	osseointegration.	The	changes	are	most	notable	at	the	microscopic	level	(Figs.	56.	9	and	56	10)	Implant	surfaces	that	are	modified	at	the	microscopic	level	with	techniques	such	as	acid-
etching	are	thought	to	promote	favorable	cellular	responses	and	increased	bone	formation	in	close	proximity	to	the	surface	(Fig.	56	11)	Hard	Tissue	Interface	FIGURE	56.8	Roughened	surfaces	are	achieved	by	plasma	spraying,	by	acid	etching,	or	as	shown	here	by	oxidizing	(Ti	Unite	surface).	(Cour-	tesy	Nobel	Biocare	Services	AC,	Zurich,
Switzerland.)	(C)	The	primary	goal	of	implant	installation	is	to	achieve	and	maintain	a	stable	bone-to-implant	connection	(ie,	osseointegration).	Histologically,	osseointegration	is	defined	as	the	direct	structural	and	functional	connection	between	ordered,	living	bone	and	the	surface	of	a	load-bearing	implant	without	intervening	soft	tissues	(Fig.	56.12).
Clinically,	osseointegration	is	the	asymptomatic	rigid	fixation	of	an	alloplastic	material	(implant)	in	bone	with	the	ability	to	withstand	occlusal	forces.	The	hard	tissue	interface	is	a	fundamental	requirement	for	and	an	essential	component	of	implant	success.	(0)	SEM	image	of	machined	surface	implant	with	characteristic	grooved	pattern.	A,	Implant
with	machined	surface	(X40).	B,	Grooved	pattern	apparent	on	machined	surface	(X100).	C,	Machined	surface	with	distinct	ridges	and	grooves	(XS00).	D,	Machined	surface	with	distinct	ridges	and	grooves	(X	1000).	(Courtesy	Nobel	Biocare	Services	AC,	Zurich,	Switzerland.)	FIGURE	56.9	56	Biological	Aspects	of	Dental	Implants	661	FIGURE	56.10
SEM	image	of	acid-etched	surface	implant	with	typical	microscopic	peak-valley	appearance.	A,	Implant	with	acid	etched	surface	(X40).	B,	Microtextured	surface	alteration	on	acid-etched	surface	(Xl	00).	C,	Acid-etched	surface	with	micropits	of	1-3	µm	(X	XS00).	D,	Acid-etched	surface	with	micropits	of	1-3	µm	surrounded	by	larger	areas	with	6-10	µm
peak-valley	pits	(Xl	000).	Initial	Bone	Healing	The	osseointegration	process	observed	after	implant	insertion	can	be	compared	to	bone	fracture	healing.	Implant	site	osteotomy	preparation	(bone	wounding)	initiates	a	sequence	of	events,	including	an	inflammatory	reaction,	bone	resorption,	release	of	growth	factors,	and	attraction	by	chemotaxis	of
osteoprogenitor	cells	to	the	site.	Differentiation	of	osteoprogenitor	cells	into	osteoblasts	leads	to	bone	formation	at	the	implant	surface.	Extracellular	matrix	proteins,	such	as	osteocalcin,	modulate	apatite	crystal	growth.	Specific	conditions,	optimal	for	bone	formation,	must	be	maintained	at	the	healing	site	to	achieve	osseointegration.	Immobility	of
the	implant	relative	to	the	bone	must	be	maintained	for	bone	formation	at	the	surface.	A	mild	inflammatory	response	enhances	the	bone	healing,	but	moderate	inflammation	or	movement	above	a	certain	threshold	is	detrimental.	When	micromovements	at	the	interface	exceed	150	µm,	the	movement	will	impair	differentiation	of	osteoblasts	and	fibrous
scar	tissue	will	form	between	the	bone	and	implant	surface.	Therefore,	it	is	important	to	avoid	excessive	forces,	such	as	occlusal	loading,	during	the	early	healing	period.	Bone	tissue	damage	and	debris	created	by	the	osteotomy	site	preparation	must	be	cleared	up	by	osteoclasts	for	normal	bone	healing.	These	multinuclear	cells,	originating	from	the
blood,	can	resorb	bone	at	a	pace	of	50-100	µm	per	day.	There	is	a	coupling	between	bone	apposition	and	bone	resorption	(Fig.	56.13).	Preosteoblasts,	derived	from	primary	mesenchymal	cells,	depend	on	a	favorable	oxidation-reduction	(redox)	potential	of	the	environment.	Thus,	a	proper	vascular	supply	and	oxygen	tension	are	needed.	If	oxygen
tension	is	poor,	the	primary	stem	cells	may	differentiate	into	fibroblasts,	form	scar	tissue,	and	lead	to	implant	failure	(nonintegration).	If	bone	is	overheated	or	crushed	during	preparation,	it	will	become	necrotic	and	may	lead	to	nonmineralized	(soft	tissue)	scar	formation	or	be	sequestered.	The	critical	temperature	for	662	PART	3	Oral	lmplantology
FIGURE	56.11	Histologic	appearance	of	bone	apposition.	A,	At	2	weeks,	bone	is	deposited	on	the	bony	wall	of	the	tissue	chamber	and	on	the	implant	surface.	Both	layers	are	connected	by	a	scaffold	of	tiny	trabeculae.	Woven	bone	is	characterized	by	the	intense	staining	of	the	mineralized	matrix	and	the	numerous	osteocytes	located	in	large	lacunae
(undecalcified	ground	section,	surface-stained	with	toluidine	blue	and	basic	fuchsin).	B,	At	4	weeks,	the	volume	density	of	this	scaffold	has	increased	both	by	the	formation	of	new	trabeculae	and	by	deposition	of	more	mature,	parallelfibered	bone	onto	the	primary	scaffold.	Woven	bone	is	mainly	recognized	by	the	numerous	large	osteocytic	lacunae
(bright).	The	gap	between	bone	and	implant	surface	is	an	artifact.	C,	At	8	weeks,	growth	and	reinforcement	result	in	a	further	increase	in	bone	density	and	an	almost	perfect	coating	of	the	implant	surface	with	bone.	Remodeling	has	started,	replacing	the	primary	bone	by	secondary	osteons	(arrows).	bone	cells	that	should	not	be	exceeded	is	4	7°C
(116.6°F)	at	an	exposure	time	of	1	min.	Thus,	preparation	of	implant	osteotomy	sites	require	profuse	irrigation	(cooling)	along	with	gentle,	intermittent,	moderate-speed	drilling	using	sharp	drills.	Another	complicating	factor,	well	recognized	from	open	wound	fractures,	is	that	microbial	contamination	jeopardizes	the	normal	bone	healing.	Accordingly,
strict	aseptic	techniques	should	be	maintained.	New	bone	formation	follows	a	specific	sequence	of	events.	Woven	bone	is	quickly	formed	in	the	gap	between	the	implant	and	the	bone;	it	grows	fast,	up	to	100	µm	per	day,	and	in	all	directions.	Characterized	by	a	random	orientation	of	its	collagen	fibrils,	high	cellularity,	and	limited	degree	of
mineralization,	the	biomechanical	capacity	of	woven	bone	is	poor	(Fig.	56.14A)	Thus,	any	occlusal	load	should	be	well	controlled	or	avoided	in	the	early	phase	of	healing.	After	several	months,	woven	bone	is	progressively	replaced	by	lamellar	bone	with	organized,	parallel	layers	of	collagen	fibrils	and	dense	mineralization.	Contrary	to	the	fast-growing
woven	bone,	lamellar	bone	formation	occurs	at	a	slow	pace	(only	a	56	Biological	Aspects	of	Dental	Implants	663	FIGURE	56.12	A,	Three-dimensional	diagram	of	the	tissue	and	titanium	interrelationship	showing	an	overall	view	of	the	intact	interfacial	zone	around	the	osseointegrated	implant.	B,	Physiologic	evolution	of	the	biology	of	the	interface	over
time.	Osteciblasts	Blood	supply	Osteoclasts	FIGURE	56.13	The	basic	multicellular	unit	is	the	basic	remodeling	process	for	bone	renewal.	Osteoclasts	are	imported	by	the	vascular	supply,	and	the	resorption	lacunae	are	soon	filled	by	the	lining	osteoblasts.	few	microns	per	day).	Ultimately,	after	18	months	of	healing,	a	steady	state	is	reached	where
lamellar	bone	is	continuously	resorbed	and	replaced	(Fig.	56	14B)	At	the	light	microscopic	level,	an	intimate	bone-to-implant	contact	has	been	extensively	reported	(Fig.	56.15).	Once	the	bone-to-implant	interface	has	reached	a	steady	state,	it	can	maintain	itself	over	decades,	as	ascertained	by	human	histology	from	implants	retrieved	because	of
hardware	fractures.	Bone	Remodeling	and	Function	Clinically,	both	primary	and	secondary	stability	of	an	implant	are	critical	to	success.	Primary	stability,	achieved	at	the	time	of	surgical	placement,	depends	on	the	implant	geometry	FIGURE	56.14	A,	After	initial	healing,	woven	bone,	as	characterized	by	its	irregular	pattern,	is	laid	down.	B,	After
weeks	or	months,	progressively	a	lamellar	bone	is	laid	down,	with	regular	concentric	lamellae.	B,	Bone;	/,	implant.	(Courtesy	Professor	T	/slbrektsson,	Gothenburg,	Sweden.)	(macrodesign),	as	well	as	the	quality	and	quantity	of	bone	available	for	implant	anchorage	at	a	specific	site.	Secondary	stability,	achieved	over	time	with	healing,	depends	on	the
implant	surface	(microdesign),	as	well	as	the	quality	and	quantity	of	adjacent	bone,	which	will	determine	the	percentage	of	contacts	between	the	implant	and	bone.	For	example,	areas	such	664	PART	3	Oral	lmplantology	SIEMENS	+	oooJ	...	....	..	...	...	.	·····	FIGURE	56.15	Once	a	steady	state	has	been	achieved	at	the	boneto-implant	interface,	an
intimate	contact	can	be	observed,	with	some	marrow	spaces	seen	in	between	at	the	light	microscopic	level.	as	the	anterior	mandible	have	dense	cortical	bone	and	provide	rigid	primary	stabilization	and	good	support	throughout	the	healing	process.	Conversely,	areas	such	as	the	posterior	maxilla	have	thin	cortical	bone	and	large	marrow	spaces
provide	less	primary	stability.	For	this	reason,	the	posterior	maxilla	has	been	associated	with	lower	success	rates	compared	to	other	sites	with	greater	bone	density	and	support.	Once	osseointegration	is	achieved,	implants	can	resist	and	function	under	the	forces	of	occlusion	for	many	years.	Longitudinal	biomechanical	assessments	seem	to	indicate
that	during	the	first	weeks	after	placement	of	one-stage	implants,	decreased	rigidity	is	observed.	This	may	be	indicative	of	bone	resorption	during	the	initial	phase	of	healing.	Subsequently,	rigidity	increases	and	continues	to	increase	for	years.	Thus,	when	a	prosthesis	is	installed	immediately	(in	1	day)	or	early	(in	1-2	weeks),	care	must	be	taken	to
control	against	overload.	It	is	important	to	recognize	that	sites	with	limited	primary	stability	or	less	bone-to-implant	contact	(eg.,	posterior	maxilla)	will	likely	go	through	a	period	of	even	less	bone	support	in	the	early	stages	of	bone	healing	due	to	the	initial	phase	of	bone	resorption.	Asessment	of	implant	biomechanics	can	easily	be	done	at	the	clinical
level	by	noninvasive	devices	such	as	the	Periotest	(Fig.	56.16)	and	the	Ostell	(Fig.	56	17).	The	Periotest	(Gulden,	Bensheim,	Germany)	projects	a	rod	against	the	implant	or	abutment	using	a	magnetic	pulse	at	a	certain	speed.	The	apparatus	measures	the	deceleration	time	needed	before	the	rod	comes	to	a	standstill.	This	is	transformed	in	an	arbitrary
unit,	which	reflects	the	rigidity	of	the	bone-to-implant	continuum	values	should	be	below	+	7,	the	minimum	with	the	most	rigid	being	-8.	Osseointegrated	implants	are	thought	to	demonstrate	an	increased	rigidity	over	time.	The	resonance	frequency	analysis	(RFA)	offers	an	alternative	measurement.	With	the	Ostell	device,	a	small	transducer	attached
to	the	implant	imposes	a	series	of	frequencies	and	measures	the	overeall	resonance	frequency,	because	the	transducer	and	the	structure	are	constant,	any	change	in	the	resonance	frequency	reveals	a	change	in	the	implant-bone	interface,	either	in	quality	or	in	quantity.	Primary	stability	measurements	reveal	a	frequency	range	of	6-9	kHz,	with	higher
values	in	the	mandible.	The	measures	are	transformed	into	arbitrary	values	where	measurements	should	exceed	56,	which	indicate	a	level	of	bone	support	that	is	consistent	with	osseointegration	(Fig.	56.18).	FIGURE	56.16	A,	Periotest	electronic	apparatus	(presently	made	by	Gulden,	Bensheim,	Germany)	provides	objective	means	to	measure
endosseous	implant	rigidity.	B,	Periotest	measurement	performed	at	surgery	to	evaluate	the	increasing	rigidity	at	future	control	visits.	These	noninvasive	tests	reflect	the	rigidity	of	the	bone	to	implant	interface.	The	strength	of	the	bone	to	implant	interface	cannot	be	clinically	assessed.	Some	investigators	have	measured	the	force	needed	to	undo	the
tight	adhesion	of	bone	tissues.	This	has	often	been	done	by	counter	torque	force	measurements	to	determine	the	threshold	at	which	loosening,	or	often	fracturing,	is	observed.	This	methodology	is	questionable	because	it	does	not	reveal	the	strength	of	the	biologic	interface	as	such,	but	rather	the	congruency	of	the	implant	surface	irregularities	with
the	surrounding	bone.	Indeed,	a	very	roughened	surface,	such	as	that	achieved	with	a	titanium	plasma-sprayed	implant,	will	demonstrate	a	higher	torque	resistance	than	a	turned	one,	where	the	grooves	are	much	smaller	in	scale	and	run	parallel	to	the	applied	removal	force.	When	the	surface	roughness	is	microscopic,	such	as	that	achieved	with	an
acid-etched	or	blasted	implant,	the	bone	adaptation	to	the	microtopography	will	increase	the	shear	strength	needed	to	fracture	the	bone	from	the	surface	to	a	level	that	is	greater	than	a	turned	surface	but	lesser	than	a	plasma-sprayed	surface.	56	Biological	Aspects	of	Dental	Implants	665	is	detached	from	the	adhering	bone.	This	is	a	difficult
experimental	model	that	is	seldom	used.	Soft	Tissue	Interface	FIGURE	56.17	A,	Ostell	device	measures	changes	in	resonance	frequency	over	time.	B,	Stimulator	is	fixed	on	the	implant	or	abutment	to	transmit	energy	in	a	series	of	frequencies.	Use	of	the	Ostell	allows	measurement	of	the	primary	stability	at	surgery.	Time	At	1	Abutment	year
Connection	Mean	-2.16	2	3	4	5	6	years	years	years	years	years	Not	surprisingly,	for	two	decades,	research	and	clinical	interest	focused	on	the	bone-to-implant	interface	of	osseointegrated	implants	and	the	overlying	soft	tissues	were	largely	ignored.	Except	for	a	few	descriptive	sentences,	the	classic	handbook	by	Branernark	et	al	presented	no	data	or
information	about	the	soft	tissue	interface.	This	may	be	due	in	part	to	the	fact	that	most	patients	were	fully	edentulous	and	the	Branernark	system	implants	had	turned	(machined)	surfaces,	which	are	less	likely	to	be	associated	with	soft	tissue	inflammatory	problems.	Today,	there	is	greater	interest	in	and	appreciation	for	periimplant	soft	tissues	and
the	soft	tissue-to-implant	interface	as	a	function	of	esthetics	and	maintenance	of	a	seal	or	barrier	against	microbial	invasion.	Periimplant	soft	tissues	are	similar	in	appearance	and	structure	to	periodontal	soft	tissues	(see	Chapter	1).	Clearly,	both	implants	and	teeth	emerge	through	the	soft	tissues	on	the	alveolar	ridge.	The	soft	tissues	consist	of
connective	tissue	covered	by	epithelium.	There	is	a	gingival/mucosal	sulcus,	a	long	junctional	epithelial	attachment,	and	a	zone	of	connective	tissue	above	the	supporting	bone	(Fig.	56.19).	Despite	the	apparent	similarities	in	soft	tissues	around	teeth	and	implants,	the	presence	of	a	periodontal	ligament	around	teeth	and	not	around	implants	is	an
important,	distinct	difference.	Whereas	natural	teeth	have	a	periodontal	ligament	with	connective	tissue	fibers	suspending	them	in	the	alveolar	bone,	osseointegrated	implants	do	not.	There	are	no	inserting	collagen	fibers	anywhere	along	the	interface	of	osseointegrated	implants.	Bone	is	in	direct	contact	with	the	implant	surface	without	intervening
soft	tissues.	Clinically,	the	thickness	of	the	periimplant	soft	tissues	varies	from	2	to	several	millimeters	(Fig.	56.20).	An	animal	study	determined	the	total	height	of	the	periimplant	"biologic	width"	to	be	approximately	3-4	mm	where	about	2	mm	is	the	epithelial	attachment	and	about	1-2	mm	is	the	supracrestal	connective	tissue	zone.	Consistent	with
this	finding,	a	human	histologic	study	determined	the	height	of	the	periimplant	"biologic	width,"	consisting	of	an	epithelial	attachment	and	supracrestal	connective	tissue,	to	be	about	4-4.5	mm	(Fig.	56.21).	Epithelium	-2.80	-2.92	-3.30	-3.90	-4.75	-5.50	*-------------	•ir.	*-----------------*	~-----*	*---------*	·:-	...	*---------------*	FIGURE	56.18	Over	time,	Periotest
values	(PTVs,	arbitrary	units)	indicate	increasing	rigidity,	which	parallels	the	increased	bone	density	over	time.	Others	have	used	pullout	tests	of	the	implants	as	a	whole	in	a	coronal	direction.	For	screw-shaped	implants,	which	are	very	retentive	in	this	axis	because	of	the	threads,	this	approach	apparently	cannot	assess	the	biologic	adhesion	force.
The	real	test	should	be	"pull-off'	test	in	which	a	nonretentive	surface	As	in	the	natural	dentition,	the	oral	epithelium	(OE)	around	implants	is	continuous	with	a	sulcular	epithelium	that	lines	the	inner	surface	of	the	gingival	sulcus;	the	apical	part	of	the	gingival	sulcus	is	lined	with	long	JE.	Ultrastructural	examination	of	the	long	junctional	epithelial
attachment	adjacent	to	dental	implants	has	demonstrated	that	epithelial	cells	attach	with	a	basal	lamina	and	hemidesmosomes	(Fig.	56.22).	Histologic	studies	indicate	that	these	epithelial	structures	and	the	surrounding	lamina	propria	cannot	be	distinguished	from	those	structures	around	teeth.	In	health,	the	dimension	of	the	sulcular	epithelium	is
about	0.5	mm,	and	the	dimension	of	the	epithelial	attachment	is	about	2	mm,	which	is	higher	than	that	of	the	periodontal	epithelial	attachment.	The	apical	edge	of	the	epithelial	attachment	is	about	1.5-2.0-mm	above	the	bone	margin.	In	healthy	periimplant	tissues,	progressive	epithelial	downgrowth	does	not	occur,	56	Biological	Aspects	of	Dental
Implants	Implant	Surface	Chemical	Composition	There	have	been	unsuccessful	trials	with	oral	implants	made	of	carbon	or	hydroxyapatite.	The	lack	of	resistance,	because	of	material	properties,	to	occlusal	forces	led	to	frequent	fractures.	The	so-called	noble	metals	or	alloys,	however,	do	not	resist	corrosion	and	have	thus	been	abandoned.	Today,	the
vast	majority	of	oral	implants	are	made	of	CP	titanium	or	titanium	alloys.	The	following	discussion	relates	to	titanium	implants.	Titanium	is	a	very	reactive	metal	that	oxidizes	within	nanoseconds	when	exposed	to	air.	Due	to	this	passive	oxide	layer,	the	titanium	then	becomes	very	resistant	to	corrosion	in	its	CP	form.	Some	alloys,	such	as	titanium-
aluminum	6%,	vanadium	4%	(Ti6Al4V),	are	known	to	provoke	bone	resorption	as	the	result	of	leakage	of	some	toxic	components.	The	oxide	layer	of	CP	titanium	reaches	10	nm	of	thickness.	It	grows	over	the	years	when	facing	a	bioliquid.	It	consists	mainly	of	titanium	dioxide	(TiO2).	All	titanium	oxides	have	dielectric	constants,	which	are	higher	than
most	other	metal	oxides.	This	factor	may	explain	titanium's	tendency	to	adsorb	biomolecules,	as	seen	during	surgery	when	the	blood	creeps	up	the	surface	during	implant	insertion.	The	biomolecules	normally	appear	as	folded-up	structures	to	hide	their	insoluble	parts,	while	putting	watersoluble	radicals	on	their	surface.	Thus,	they	will	adhere	to	the
TiO2	surface	after	displacing	the	original	water	molecules	sitting	on	its	surface.	Although	initially	attracted	by	weak	van	der	Waals	forces,	the	high	dielectric	constant	of	titanium	oxides	and	the	polarizability	of	the	molecules	after	adsorption	will	lead	to	high	bond	strengths,	which	are	considered	irreversible	when	they	surpass	30	kcal/mo!.	In	fact,
because	of	its	propensity	for	being	covered	by	an	uninterrupted	oxide	layer,	which	has	ceramic-like	properties	similar	to	other	metal	oxides	(eg,	aluminum	oxides),	titanium	makes	the	coating	of	implants	superfluous.	This	should	be	stressed	because	many	authors	hope	for	even	better	osseointegration	potential	with	calcium	phosphate	(CaP)-coated
surfaces	and	strongly	advocate	their	use.	To	date,	clinical	results	with	CaP-coated	implants	have	not	been	encouraging	in	a	long-term	perspective.	Thus,	the	overall	view	of	potential	advantages	for	different	implant	surface	characteristics	is	complex,	and	only	clinical	observations	can	determine	their	validity.	For	good-quality	bone,	after	15	years	of
follow-up,	clinical	success	rates	of	99%	have	been	reported	for	implants	with	a	turned	surface.	Enhanced	implant	surface	characteristics	are	likely	to	be	most	beneficial	for	the	more	challenging	situations,	such	as	poor	quality	bone	and	early	and	immediate	loading.	Implant	Surface	Free	Energy	and	Micro-Roughness	When	an	implant	is	brought	into
contact	with	bodily	tissues	and	fluids,	in	this	case	mostly	bone,	it	faces	a	"bioliquid,"	an	aqueous	environment.	Within	milliseconds,	water,	ions,	and	small	biomolecules	are	absorbed.	One	could	imagine	that	this	absorbed	layer	renders	all	surfaces	equal.	However,	the	large	665.el	molecules	and	the	cells	that	will	subsequently	adhere	to	this	surface	are
influenced	by	the	surface	characteristics	of	this	pellicle	layer.	The	composition	and	structure	of	the	initial	layer	are	largely	determined	by	the	underlying	surface.	Thus,	the	three-dimensional	shape	of	the	molecules	will	be	modified	during	their	adherence	to	this	pellicle	layer	and	will	unveil	different	radicals,	depending	on	this	metamorphosis.	The
surface	free	energy,	often	called	wettability,	is	an	important	parameter	for	these	interactions.	It	can	be	assessed	through	the	shape	of	a	standardized	drop	of	liquid	put	on	the	clean	implant	surface.	The	angle	of	this	drop	toward	the	underlying	surface	reveals	that	the	cohesive	forces	between	liquid	molecules	are	stronger	than	the	adhesive	forces
between	the	liquid	and	the	surface.	Thus,	a	ball-shaped	drop	would	reveal	a	low	surface	free	energy.	Surface	topography	at	the	cellular	and	molecular	level	means	microscopic	roughness.	Surface	roughness	can	be	measured	with	a	profilometer,	a	stylus	that	follows	the	surface	and	measures	the	peak-to-valley	dimensions	(expressed	as	Ra	values)	or
the	spacing	between	irregularities	(expressed	as	S,x	values).	Wennerberg	and	Albrektsson	provide	guidelines	for	topographic	evaluation	of	implant	surfaces.	No	implant	surface	is	smooth	although	several	reports	have	incorrectly	referred	to	the	"turned"	(machined)	implant	surface	as	"smooth"	(see	Fig.	56.9).	Roughened	implant	surfaces	speed	up	the
bone	apposition;	as	demonstrated	in	vitro,	more	prostaglandin	E2	(PGE2)	and	transforming	growth	factor	beta	1	(TGF~1)	are	produced	on	rough	than	on	smooth	surfaces.	Rough	surfaces	may	show	some	disadvantages,	such	as	increased	ion	leakage	and	increased	adherence	of	macrophages	and	subsequent	bone	resorption.	It	was	also	reported	that
in	vitro	adsorption	of	fibronectin	was	higher	on	smooth	than	on	rough,	CP	titanium	surfaces.	Fibronectin	is	a	glycoprotein	quickly	adhering	on	hard	surfaces	and	known	to	determine	subsequent	cell	adhesion.	Microtopography	also	influences	the	number	and	morphology	of	cell	adhesion	pseudopods	and	cell	orientation.	Grooves	in	an	implant	surface
will	guide	the	cell	migration	along	their	direction.	Bone	growth	can	enter	altered	microtopographic	features	such	as	pits	and	porosities	with	internal	dimensions	that	are	only	a	few	microns.	Lack	of	load	can	also	be	detrimental	and	can	lead	to	cortical	bone	resorption.	This	is	well	documented	in	orthopedics	and	is	termed	stress	shielding.	This
phenomenon	has	not	been	properly	evaluated	for	oral	implants	in	which	marginal	bone	resorption	is	thought	to	be	associated	with	chronic	inflammation	of	the	overlying	soft	tissues.	The	use	of	finite	element	analysis	(FEA)	has	become	popular	but	lacks	value	by	itself;	invalid	assumptions,	such	as	the	isotropic	nature	of	the	bone,	must	be	used	in	the
modeling.	The	deviation	of	FEA	data	from	in	vivo	data	has	been	well	documented.	FEA	data	should	be	considered	as	"descriptive"	models	that	require	confirmation	by	biologic	data.	However,	as	with	photoelastic	studies,	FEA	analyses	do	provide	some	insight	on	stress	concentrations	and	their	relation	to	implant	geometry	and	the	prosthetic
superstructures.	666	PART	3	Oral	lmplantology	,._	Sulcular	(crevicular)	epithelium	+----------Sulcular	epithelium	--------Junctional	epithelium	--------Junctional	epithelium	'\"	...:	(A)	Connective	tissue	(B)	FIGURE	56.19	Schematic	illustration	of	hard	and	soft	tissue	around	a	tooth	and	an	implant.	A,	Hard	and	soft	tissue	anatomy	around	a	natural	tooth
demonstrates	bone	support	with	a	periodontal	ligament,	a	connective	tissue	zone	above	the	crest	of	bone	with	connective	tissue	fibers	(Sharpey)	inserting	into	dentin,	a	long	junctional	epithelial	attachment,	a	gingival	sulcus	lined	with	sulcular	epithelium,	and	oral	gingival	epithelium	(outer	surface	of	gingiva).	B,	Hard	and	soft	tissue	anatomy	around
an	implant	demonstrates	some	similarities	and	some	distinct	differences.	There	is	supporting	bone	in	direct	approximation	to	the	implant	surface	without	any	intervening	soft	tissues	(ie,	no	periodontal	ligament).	A	connective	tissue	zone	is	present	above	the	level	of	bone	with	fibers	running	parallel	to	the	implant	surface	and	no	inserting	fibers.	There
is	a	long	junctional	epithelial	attachment,	a	gingival/mucosal	sulcus	lined	with	sulcular	epithelium	and	oral	gingival/mucosal	epithelium	(outer	surface	of	soft	tissue).	(From	Rose	LF,	Mealey	BL:	Periodontics:	medicine,	surgery,	and	implants,	St.	Louis,	2004,	Mosby.)	FIGURE	56.20	Clinical	appearance	of	normal,	healthy	periimplant	tissue	with	implant
restoration	removed.	Soft	tissue	thickness	varies	from	site-to-site,	depending	on	quantity	and	quality	of	tissue,	as	well	as	the	anatomy	of	the	surrounding	area	(eg,	adjacent	to	natural	teeth	with	healthy	periodontal	attachment	versus	adjacent	to	a	space).	Note	that	the	intrasulcular	tissue	appears	more	erythematous	as	the	result	of	the	thin,
nonkeratinized	layer	of	epithelium	overlying	the	connective	tissue.	(Courtesy	Dr	Stuart	Froum,	New	York,	NY)	indicating	that	factors	other	than	inserted	collagen	fiber	bundles	(ie,	Sharpey	fibers	in	natural	dentition)	prevent	it.	Connective	Tissue	Periimplant	connective	tissue	morphology	closely	resembles	that	of	the	natural	dentition	except	that	it
lacks	a	periodontal	ligament,	cementum,	and	inserting	fibers	(Fig.	56.23).	No	significant	differences	were	found	at	the	biochemical	level	between	the	periimplant	and	the	periodontal	soft	tissues,	while	the	dimension	of	the	periimplant	connective	tissue	is	1-2	mm,	which	is	higher	than	that	of	the	periodontal	connective	tissue.	The	zone	of	supracrestal
connective	tissue	has	an	important	function	in	the	maintenance	of	a	stable	soft	tissue-implant	interface	and	as	a	seal	or	barrier	to	the	"outside"	oral	environment.	The	orientation	of	connective	tissue	fibers	adjacent	to	an	implant	differs	from	that	of	periodontal	connective	tissue	fibers.	In	the	absence	of	cementum	and	inserting	connective	tissue	fibers
(ie,	as	in	a	natural	tooth),	most	periimplant	connective	tissue	fibers	run	in	a	direction	more	or	less	parallel	to	the	implant	surface.	Even	when	the	fiber	bundles	are	oriented	perpendicularly,	which	occurs	more	often	in	the	gingiva	than	in	the	mucosa	surrounding	implants,	the	bundles	are	never	embedded	in	the	implant	surface.	The	fiber	bundles	can
also	have	a	"cuff-like"	circular	orientation.	The	role	of	these	fibers	remains	unknown,	but	it	appears	that	their	presence	helps	to	create	a	soft	tissue	"seal"	around	the	implant.	The	adaptation	of	the	connective	tissue	to	an	implant	surface	may	also	be	affected	by	the	mobility	of	the	soft	tissue	around	the	implant.	The	connective	tissue	in	direct	contact
with	the	implant	surface	is	characterized	by	an	absence	of	blood	vessels	and	an	abundance	of	fibroblasts	interposed	between	collagen	fibers.	Several	animal	and	human	56	Biological	Aspects	of	Dental	Implants	FIGURE	56.21	Buccolingual	section	(basic	fuchsin	stain;	original	magnification	X12.5;	one-part	SLA	implant,	3	months	unloaded)	showing	the
gingiva	and	the	most	coronal	part	of	alveolar	bone.	Rete	peg	formation	is	only	apparent	in	the	area	of	the	keratinized	oral	gingival	epithelium.	The	oral	sulcular	epithelium	exhibits	no	keratinization.	In	the	area	of	the	most	coronal	point	of	the	junctional	epithelium	(cJE),	the	soft	tissues	are	slightly	torn	away	(artifact)	because	of	nondecalcified
histologic	processing.	The	most	apical	point	of	the	junctional	epithelium	UE)	is	indicated	(aJE).	No	rete	peg	formation	is	evident	adjacent	to	the	basal	cell	layer	of	the	JE,	all	showing	healthy	and	physiologic	soft	tissue	structures.	In	addition,	the	area	of	connective	tissue	contact	(CTC)	adjacent	to	the	machined	titanium	surface	is	marked.	A	slight	round
cell	infiltrate	in	the	connective	tissue	indicates	a	mild	inflammation.	Note	bone	remodeling/new	bone	formation	in	the	crestal	bone	region	indicated	by	saturated,	dark-red	stained	areas.	667	FIGURE	56.22	A,	Overview	of	ground	section	showing	periimplant	tissues	covered	with	keratinizing	oral	epithelium.	JE	is	interposed	between	connective	tissue
and	alveolar	bone	crest	(BC).	Apical	end	of	JE	(arrow).	Toluidine	blue	stain.	(Bar=	200	µm.)	B,	Transmission	electron	microscopic	view	of	sulcular	epithelium	showing	tightly	sealed	intercellular	spaces	by	numerous	spot	desmosomes	(arrows),	contributing	to	low	permeability	of	this	portion	of	periimplant	mucosa.	Bar=	3	µm.	studies	have	shown	that
the	alignments	of	connective	fibers	were	circular	and	horizontal	around	the	implants	(Fig.	56.24).	More	recent	studies	have	shown	histologic	evidence	of	connective	tissue	attachment	perpendicular	to	the	microgrooved	implant	surface	on	both	animal	and	human	studies.	This	laser-microtextured	grooves	(Fig.	56.25)	have	been	shown	to	be	FIGURE
56.23	A,	SEM	image	of	the	JE.	Note	the	neutrophils	located	between	the	cells	(red	arrows).	Bar=	40	µm.	B,	Higher	magnification	of	Fig.	56.22	with	polarized	light	showing	the	apical	extent	(red	arrow)	of	the	JE.	Note	the	dense	collagen	fibers	running	apicocoronal	(ie,	parallel	to	the	implant	surface).	668	PART	3	Oral	lmplantology	a	b	,	i	Dk%-'	~·	MR
Bo	(A)	(C)	(B)	FIGURE	56.24	A,	Histologic	scheme	of	epithelial	attachment	(EA)	(identical	for	tooth	and	implant).	Tl/,	Titanium	implant;	BC,	basal	complex;	LB/,	lamina	basal	is	interna;	LBE,	lamina	basal	is	externa	(only	location	where	cell	divisions	occur);	a,	long	junctional	epithelial	attachment	zone;	b,	sulcular	epithelial	zone;	c,	oral	epithelial	zone.
B,	At	electron	microscopic	level,	basal	complex	at	epithelial	attachment	(three	most	apical	cells)	and	connection	with	stroma.	HD,	Hemidesmosomes;	0,	desmosome;	LL,	lamina	lucida;	LO,	lamina	densa;	C,	cuticle.	C,	Implant,	abutment	(Ab),	and	crown	within	alveolar	bone	and	soft	tissues.	Im,	Endosseous	part	of	implant;	MR,	margin	of
gingiva/alveolar	mucosa;	Bo,	marginal	bone	level;	l,	implant	crown;	2,	vertical	alveolar-gingival	connective	tissue	fibers;	3,	circular	gingival	connective	tissue	fibers;	4,	circular	gingival	connective	tissue	fibers;	5,	periosteal-gingival	connective	tissue	fibers;	a,	junctional	epithelium;	b,	sulcular	epithelium;	c,	oral	epithelium;	All,	abutment/implant
junction;	aAE,	apical	(point)	of	attached	epithelium.	FIGURE	56.25	A,	Laser-microtextured	surface;	B,	machined	collar,	SOOx.	(Botos	et	al:	Int	permission	of	Dr	Spyros	Botos.)	able	to	stop	the	epithelial	downgrowth	and	establish	connective	tissue	insertion	right	at	the	most	coronal	part	of	the	laser	microgrooved	area.	(Fig.	56.26).	A	prospective
controlled	clinical	study	showed	that	laser-grooved	surface	resulted	in	shallower	probing	depth	and	lesser	periimplant	crestal	bone	loss	than	that	seen	around	implants	with	machined	collars.	This	connective	tissue	interface	has	been	examined	by	probing	attachment	level	measurements	in	patients.	Probing	attachment	levels	were	consistently	found
coronal	to	the	alveolar	crest	in	patients	with	periimplant	tissue	health,	indicating	the	presence	of	a	zone	of	direct	connective	tissue	contact	to	the	implant	surface.	This	means	that	the	probing	depth	J	Oral	Maxil/ofac	Implants	26:492-498,	2011.	With	the	measurement	performed	with	a	periodontal	probe	may	be	about	1.5-mm	higher	above	the	bone
level	in	healthy	tissues.	At	inflamed	sites,	the	probe	may	penetrate	to	the	bone	with	probing	depth	measurement	reflecting	the	total	soft	tissue	thickness	above	bone.	In	cases	with	inflammatory	periimplant	tissue	disease,	increasing	probing	depth	and	reduced	attachment	levels	have	been	reported.	Keratinized	Tissue	Questions	emerged	decades	ago,
as	it	did	for	the	natural	dentition,	about	the	need	for	keratinized	tissue	to	surround	56	Biological	Aspects	of	Dental	Implants	669	frequently	when	alveolar	mucosa	surrounds	the	implant	as	compared	to	when	keratinized	mucosa	surrounds	the	implant.	Keratinized	mucosa	tends	to	be	more	firmly	anchored	by	collagen	fibers	to	the	underlying
periosteum	than	nonkeratinized	mucosa,	which	has	more	elastic	fibers	and	tends	to	be	moveable	relative	to	the	underlying	bone.	In	clinical	studies	evaluating	intraoral	implants,	with	or	without	periimplant	keratinized	mucosa,	no	clinically	significant	difference	in	implant	success	was	reported.	However,	when	there	is	a	lack	of	keratinized	tissue,
patients	tend	to	complain	about	pain	and	discomfort	while	performing	oral	hygiene	procedures	or	other	functions	in	the	area.	The	symptoms	are	alleviated	by	increasing	the	amount	of	keratinized	(firmly	bound)	tissue	around	the	implant(s)	via	soft	tissue	grafting	(see	Fig.	50	5A-L)	Finally,	although	it	may	not	be	comparable	to	intraoral	implants,
mobility	of	soft	tissues	surrounding	extraoral	implants	is	associated	with	a	higher	incidence	of	implant	failure.	Vascular	Supply	and	Inflammation	FIGURE	56.26	Laser-ablated	surface:	epithelial	downgrowth	was	stopped	right	at	the	coronal-most	microgrooved	area	(arrow).	Apical	to	the	JE,	healthy	connective	tissue	fibers	attached	perpendicularly	to
the	laser-ablated	channels.	(Courtesy	Dr	Myron	Nevins.)	implants.	Prospective	and	cross-sectional	studies,	evaluating	screw-shaped	implants	with	a	machined	surface,	suggest	that	the	presence	or	absence	of	keratinized	gingiva	is	not	a	prerequisite	for	long-term	stability.	However,	it	has	been	suggested	that	implants	surrounded	by	mucosa	only	(ie,
nonkeratinized)	are	more	susceptible	to	periimplant	problems.	An	animal	study	observed	that	ligature-induced	periimplantitis	occurs	more	The	vascular	supply	of	the	periimplant	gingival	or	alveolar	mucosa	may	be	limited,	as	compared	to	periodontal	gingiva,	due	to	the	lack	of	a	periodontal	ligament	(Fig.	56	27)	This	is	especially	true	in	the	tissue
immediately	adjacent	to	the	implant	surface.	However,	capillary	loops	in	the	connective	tissue	under	the	junctional	and	sulcular	epithelium	around	implants	appear	to	be	anatomically	similar	to	those	found	in	the	normal	periodontium	(Fig.	56.28).	Emerging	knowledge	indicates	that	the	periimplant	gingival	or	alveolar	mucosa	has	the	same	morphology
as	the	corresponding	tissues	around	teeth.	These	soft	tissues	also	react	the	same	way	to	plaque	accumulation.	Studies	investigating	the	Abutment	Gingival	epithelium	FIGURE	56.27	Schematic	illustration	of	the	blood	supply	in	the	connective	tissue	cuff	surrounding	the	implant/abutment	is	scarcer	than	in	the	gingival	complex	around	teeth	because
none	originates	from	a	periodontal	ligament.	Mucogingival	junction	FIGURE	56.28	A,	Microvascular	topography	surrounding	a	tooth.	B,	Microvascular	topography	surrounding	an	implant.	Bar=	5	µm.	(Courtesy	Dr	N.	Selliseth	and	Or	K.	Selvig,	Bergen,	Norway.)	670	PART	3	Oral	lmplantology	FIGURE	56.29	A,	Histologic	slide	from	healthy	gingiva
surrounding	a	well-functioning	implant	in	human	patient.	No	morphologic	characteristics	differentiate	tissue	around	implant	from	that	around	teeth.	B,	When	gingivitis	occurs,	a	profuse	migration	of	inflammatory	cells	through	the	pocket	epithelium	can	be	observed.	(Courtesy	Professor	Mariano	Sanz,	Madrid.)	histology	(light	microscopic	and
ultrastructural)	of	healthy	and	inflamed	tissues	surrounding	implants	in	humans	have	indicated	that	the	inflammatory	response	to	plaque	is	similar	to	that	observed	in	periodontal	tissues.	Polymorphonuclear	cells	and	mononuclear	cells	transmigrate	normally	through	the	periimplant	sulcular	epithelium	(Fig.	56.29).	Clinical	Comparison	of	Teeth	and
Implants	Although	the	soft	tissue-to-implant	(abutment)	interface	offers	striking	similarities	with	tissue	surrounding	the	natural	dentition,	some	differences	should	be	considered.	At	the	bone	level,	the	lack	of	a	periodontal	ligament	is	the	most	striking	difference.	The	following	discussion	elaborates	on	the	clinical	perspectives	of	these	similarities	and
differences.	At	the	bone	level,	the	absence	of	the	periodontal	ligament	surrounding	an	implant	has	important	clinical	consequences.	This	means	that	no	resilient	connection	exists	between	implants	and	supporting	bone.	Implants	cannot	intrude	or	migrate	to	compensate	for	the	presence	of	a	premature	occlusal	contact	(as	teeth	can).	Implants	and	the
rigidly	attached	implant	restorations	do	not	move.	Thus,	any	occlusal	disharmony	will	have	repercussions	at	either	the	restoration-to-implant	connection,	the	bone-to-implant	interface,	or	both.	Proprioception	in	the	natural	dentition	comes	from	the	periodontal	ligament.	The	absence	of	a	periodontal	ligament	around	implants	reduces	tactile	sensitivity
and	reflex	function.	This	can	become	even	more	challenging	when	osseointegrated,	implant-supported,	fixed	prostheses	are	present	in	both	jaws.	The	lack	of	a	periodontal	ligament	and	inability	of	implants	to	move	contraindicates	their	use	in	growing	individuals.	Natural	teeth	continue	to	erupt	and	migrate	during	growth	while	implants	do	not.
Implants	placed	in	individuals	prior	to	the	completion	of	growth	can	lead	to	occlusal	disharmonies	with	implants.	Likewise,	it	may	be	problematic	to	place	one	or	more	implants	in	a	location	adjacent	to	teeth	that	are	very	mobile	from	the	loss	of	periodontal	support	because	as	the	teeth	move	in	response	to	or	away	from	the	occlusal	forces,	the
implant(s)	will	bear	the	entire	load.	Overload,	because	of	improper	superstructure	design,	parafunctional	habits,	or	excessive	occlusal	load,	may	cause	microstrains	and	microfractures	in	the	bone,	which	will	lead	to	bone	loss	and	a	fibrous	inflammatory	tissue	at	the	implant	interface.	Conclusions	Appreciating	the	osseointegration	process	is	facilitated
by	a	good	knowledge	and	understanding	of	bone	healing.	Many	factors	can	interfere	with	the	predictable	establishment	of	a	permanent	rigid	connection	between	an	implant	surface	and	the	surrounding	bone	that	is	able	to	sustain	occlusal	loads.	The	bone-to-implant	interface	and	its	rigidity	are	a	predominant	biomechanical	aspect	of	coping	with	the
time	and	intensity	of	loading.	The	soft	tissue-to-implant	interface	also	plays	an	important	role	in	the	long-term	maintenance	of	stable	marginal	bone	levels	around	implants.	Clinicians	must	familiarize	themselves	with	the	underlying	molecular	and	cellular	events	to	evaluate	the	future	evolution	of	implant	design	and	implant	protocols,	including	surgical
placement,	restoration,	and	maintenance.	SUGGESTED	READINGS	Abrahamsson	1,	Soldini	C:	Probe	penetration	in	periodontal	and	peri-implant	tissues.	An	experimental	study	in	the	beagle	dog,	Clin	0ml	Implants	Res	17:601-605,	2006.	Botos	S,	Yousef	H,	Zweig	B,	et	al:	The	effects	of	laser	microtexturing	of	the	dental	implant	collar	on	crestal	bone
levels	and	peri-implant	health,	Int	J	0ml	Maxillofac	Implants	26(3):492-498,	2011.	Buser	D,	Schenk	RK,	Steinemann	S,	et	al:	Influence	of	surface	characteristics	on	bone	integration	of	titanium	implants.	A	histomorphometric	study	in	miniature	pigs,]	Biomed	Mater	Res	25:889-902,	1991.	Davies	JE:	Mechanisms	of	endosseous	integration,	Int	J
Pmsthodont	11:	391-401,	1998.	Hermann	JS,	Buser	D,	Schenk	RK,	et	al:	Biologic	width	around	titanium	implants.	A	physiologically	formed	and	stable	dimension	over	time,	Clin	Oral	Implants	Res	11:1-11,	2000.	Nevins	M,	Nevins	ML,	Camelo	M,	et	al:	Human	histologic	evidence	of	a	connective	tissue	attachment	to	a	dental	implant,	Int	J	Periodontics
Restorative	Dent28:lll-121,	2008.	Nevins	M,	Kim	DM,	Jun	SH,	et	al:	Histologic	evidence	of	a	connective	tissue	attachment	to	laser	microgrooved	abutments:	a	canine	study,	Int]	Periodon-	tics	Restorntive	Dent	30:245-255,	2010.	Nevins	M,	Camelo	M,	Nevins	ML,	et	al:	Connective	tissue	attachment	to	lasermicrogrooved	abutments:	a	human	histologic
case	report,	Int	J	Paiodontics	Restorative	Dent	32:385-392,	2012.	Pecora	GE,	Ceccarelli	R,	Bonelli	M,	et	al:	Clinical	evaluation	of	laser	microtexturing	for	soft	tissue	and	bone	attachment	to	dental	implants,	Implant	Dent	18	57-66,	2009.	Quirynen	M,	van	Steenberghe	D,	Jacobs	R,	et	al:	The	reliability	of	pocket	probing	around	screw-type	implants,	Clin
Orn/	Implants	Res	2:186-192,	1991.	56	Biological	Aspects	of	Dental	Implants	REFERENCES	1.	American	Academy	of	Implant	Dentistry:	Glossary	of	implant	terms,	J	Oral	Implantol	12:284-294,	1986.	2.	Abrahamsson	I,	Berglundh	T,	Moon	IS,	et	al:	Peri-implant	tissues	at	submerged	and	non-submerged	titanium	implants,	J	Clin	Pe,iodontol	26	600-607,
1999.	3.	Abrahamsson	!,	Berglundh	T,	WennstromJ,	et	al:	The	peri-implant	hard	and	soft	tissues	at	different	implant	systems.	A	comparative	study	in	the	dog,	Clin	Oral	Implants	Res	7:212-219,	1996.	4.	Abrahamsson	I,	Soldini	C:	Probe	penetration	in	periodontal	and	periimplant	tissues.	An	experimental	study	in	the	beagle	dog,	Clin	Oral	Implants	Res
17:601-605,	2006.	5.	Abrahamsson	!,	Zitzmann	NU,	Berglundh	T,	et	al:	The	mucosa!	attachment	to	titanium	implants	with	different	surface	characteristics:	an	experimental	study	in	dogs,]	Clin	Pe,iodontol	29:448-455,	2002.	6.	Adell	R,	Lekholm	U,	Rockler	B,	et	al:	Marginal	tissue	reactions	at	osseointegrated	titanium	fixtures	(I)	A	3-year	longitudinal
prospective	study,	Int]	Oral	Maxillofac	Surg	15:39-52,	1986.	7.	Albrektsson	T:	Bone	tissue	response.	In	Branernark	Pl,	Zarb	G,	Albrektsson	T,	editors:	Tissue-integrated	prothesis:	osseointegration	in	clinical	dentistry,	Chicago,	1987,	Quintessence.	8.	Albrektsson	T:	The	host-implant	interface:	biology,	Int]	Prosthodont	16	Suppl:29-30,	2003,	discussion
47-51.	9.	Albrektsson	T,	Bran	em	ark	PI,	Hansson	HA,	et	al:	Osseointegrated	titanium	implants.	Requirements	for	ensuring	a	long-lasting,	direct	boneto-implant	anchorage	in	man,	Acta	Orthop	Scand	52:155-170,	1981.	10.	Albrektsson	T,	Branernark	Pl,	Jacobsson	M,	et	al:	Present	clinical	applications	of	osseointegrated	percutaneous	implants,	Plast
Reconstr	Surg	79:721-731,	1987.	11.	Albrektsson	T,	Eriksson	AR,	Friberg	B,	et	al:	Histologic	investigations	on	33	retrieved	Nobelpharma	implants,	Clin	Mater	12:1-9,	1993.	12.	Albrektsson	T,	Sennerby	L:	State	of	the	art	in	oral	implants,]	Clin	Periodontol	18:474-481,	1991.	13.	Albrektsson	T,	Wennerberg	A:	The	impact	of	oral	implants-past	and	future,
1966-2042,J	Can	Dent	Assoc	71:327,	2005.	14.	Albrektsson	T,	Zarb	G,	Worthington	P,	et	al:	The	long-term	efficacy	of	currently	used	dental	implants:	a	review	and	proposed	criteria	of	success,	Int]	Oral	Maxillofac	Implants	1:11-25,	1986.	15.	Arvidson	K,	Fartash	B,	Hilliges	M,	et	al:	Histological	characteristics	of	pen-implant	mucosa	around	Branernark
and	single-crystal	sapphire	implants,	Clin	Oral	Implants	Res	7:1-10,	1996.	16.	Arvidsson	A,	Sater	BA,	Wennerberg	A:	The	role	of	functional	parameters	for	topographical	characterization	of	bone-anchored	implants,	Clin	Implant	Dent	Re/at	Res	8:70-76,	2006.	17.	Balshi	TJ,	Wolfinger	Gj:	Management	of	the	posterior	maxilla	in	the	compromised	patient:
historical,	current,	and	future	perspectives,	Periodontal	2000	33:67-81,	2003.	18.	Barewal	RM,	Oates	TW,	Meredith	N,	et	al:	Resonance	frequency	measurement	of	implant	stability	in	vivo	on	implants	with	a	sandblasted	and	acid-etched	surface,	Int	J	Oral	Maxillofac	Implants	18:641-651,	2003.	19.	Berglundh	T,	Lind	he	j:	Dimension	of	the	periimplant
mucosa.	Biological	width	revisited,]	Clin	Paiodontol	23:971-973,	1996.	20.	Berglundh	T,	Lind	he	J,	Ericsson	I,	et	al:	The	soft	tissue	barrier	at	implants	and	teeth,	Clin	Oral	Implants	Res	2:81-90,	1991.	21.	Berglundh	T,	Lind	he	J,	Jonsson	K,	et	al:	The	topography	of	the	vascular	systems	in	the	periodontal	and	peri-implant	tissues	in	the	dog,	J	Clin
Periodontal	21:189-193,	1994.	22.	Block	MS,	KentJN:	Long-term	follow-up	on	hydroxylapatite-coated	cylindrical	dental	implants:	a	comparison	between	developmental	and	recent	periods,]	Oral	Maxillofac	Surg	52:937-943,	1994,	discussion	944.	23.	Bonte	B,	van	Steenberghe	D:	Masseteric	post-stimulus	EMG	complex	following	mechanical	stimulation
of	osseointegrated	oral	implants,	J	Oral	Rehabil	18:221-229,	1991.	24.	Bosker	H,	van	Dijk	L:	The	transmandibular	implant:	a	12-year	followup	study,]	Oral	Maxillofac	Surg	47:442-450,	1989.	25.	Botos	S,	Yousef	H,	Zweig	B,	et	al:	The	effects	of	laser	microtexturing	of	the	dental	implant	collar	on	crestal	bone	levels	and	peri-implant	health,	Int]	Oral
Maxillofac	Implants	26(3):492-498,	2011.	26.	Boyan	BD,	Hummert	TW,	Dean	DD,	et	al:	Role	of	material	surfaces	in	regulating	bone	and	cartilage	cell	response,	Biomataials	17:	13	7-146,	1996.	2	7.	Branernark	PI:	Osseointegration	and	its	experimental	background,	J	Prosthet	Dent	50:399-410,	1983.	28.	Branernark	PI:	The	osseointegration	book:	from
calvalium	to	calcaneus,	Berlin/Chicago,	2005,	Quitessenz	Verlag.	670.el	29.	Branernark	PI,	Adell	R,	Breine	U,	et	al:	Intra-osseous	anchorage	of	dental	prostheses.	1.	Experimental	studies,	Scand	J	Plast	Reconstr	Surg	3:	81-100,	1969.	30.	Branernark	Pl,	Zarb	G,	Albrektsson	T:	Tissue-integrated	prothesis:	osseointegration	in	clinical	dentistry,	Chicago,
1987,	Quintessence.	31.	Buser	D,	Broggini	N,	Wieland	M,	et	al:	Enhanced	bone	apposition	to	a	chemically	modified	SLA	titanium	surface,	J	Dent	Res	83:529-533,	2004.	32.	Buser	D,	Schenk	RK,	Steinemann	S,	et	al:	Influence	of	surface	characteristics	on	bone	integration	of	titanium	implants.	A	histomorphometric	study	in	miniature	pigs,]	Biomed	Mata
Res	25:889-902,	1991.	33.	Buser	D,	Weber	HP,	Donath	K,	et	al:	Soft	tissue	reactions	to	nonsubmerged	unloaded	titanium	implants	in	beagle	dogs,	J	Periodontal	63	225-235,	1992.	34.	Chavrier	C,	Couble	ML,	Hartmann	DJ:	Qualitative	study	of	collagenous	and	noncollagenous	glycoproteins	of	the	human	healthy	keratinized	mucosa	surrounding
implants,	Clin	Oral	Implants	Res	5:	117-124,	1994.	35.	Cochran	DL,	Hermann	JS,	Schenk	RK,	et	al:	Biologic	width	around	titanium	implants.	A	histometric	analysis	of	the	implanto-gingival	junction	around	unloaded	and	loaded	nonsubmerged	implants	in	the	canine	mandible,]	Periodontol	68186-198,	1997.	36.	Cooper	LF,	Zhou	Y,	TakebeJ,	et	al:	Fluoride
modification	effects	on	osteoblast	behavior	and	bone	formation	at	TiO2	grit-blasted	c.p.	titanium	endosseous	implants,	Biomatelials	27:926-936,	2006.	37.	Davies	JE:	Mechanisms	of	endosseous	integration,	Int	J	Prosthodont	11:391-401,	1998.	38.	Davies	JE:	Understanding	peri-implant	endosseous	healing,	J	Dent	Educ	67:932-949,	2003.	39.	DeAngelo
SJ,	Kumar	PS,	Beck	FM,	et	al:	Early	soft	tissue	healing	around	one-stage	dental	implants:	clinical	and	microbiologic	parameters,]	Periodontal	78:1878-1886,	2007.	40.	Dahl	G:	Om	Mojligheten	for	implantationi	kaken	ac	metallskelette	som	bas	dller	retention	for	fasta	eller	avtagbara	proteser,	Odont	Tidskl-,	1943.	41.	Driskell	TD:	History	of	implants,
CDAJ	15:16-25,	1987.	42.	Ellingsen	JE,	Johansson	CB,	Wennerberg	A,	et	al:	Improved	retention	and	bone-to-implant	contact	with	fluoride-modified	titanium	implants,	Int]	Oral	Maxillofac	Implants	19:659-666,	2004.	4	3.	Ellingsen	JE,	Thomsen	P,	Lyngstadaas	SP:	Advances	in	dental	implant	materials	and	tissue	regeneration,	Periodontal	2000	41:	136-
156,	2006.	44.	Francois	P,	Vaudaux	P,	Taborelli	M,	et	al:	Influence	of	surface	treatments	developed	for	oral	implants	on	the	physical	and	biological	properties	of	titanium.	(II)	Adsorption	isotherms	and	biological	activity	of	immobilized	fibronectin,	Clin	Oral	Implants	Res	8:217-225,	1997.	45.	Friberg	B,	Sennerby	L,	Linden	B,	et	al:	Stability
measurements	of	onestage	Branernark	implants	during	healing	in	mandibles.	A	clinical	resonance	frequency	analysis	study,	Int	J	Oral	Maxillofac	Surg	28:266-272,	1999.	46.	Glauser	R,	Schupbach	P,	Gottlow	J,	et	al:	Periimplant	soft	tissue	barrier	at	experimental	one-piece	mini-implants	with	different	surface	topography	in	humans:	a	light-microscopic
overview	and	histometric	analysis,	Clin	Implant	Dent	Relat	Res	7(Suppl	l)S44-S51,	2005.	4	7.	Glauser	R,	Sennerby	L,	Meredith	N,	et	al:	Resonance	frequency	analysis	of	implants	subjected	to	immediate	or	early	functional	occlusal	loading.	Successful	vs.	failing	implants,	Clin	Oral	Implants	Res	15:428-434,	2004.	48.	Gould	TR,	Westbury	L,	Brunette
DM:	Ultrastructural	study	of	the	attachment	of	human	gingiva	to	titanium	in	vivo,	J	Prosthet	Dent	52:	418-420,	1984.	49.	Haas	R,	Mensdorff-Pouilly	N,	Mailath	G,	et	al:	Survival	of	1,920	IMZ	implants	followed	for	up	to	100	months,	Int	J	Oral	Maxillofac	Implants	11:581-588,	1996.	50.	Hermann	JS,	Buser	D,	Schenk	RK,	et	al:	Biologic	width	around
titanium	implants.	A	physiologically	formed	and	stable	dimension	over	time,	Clin	Oral	Implants	Res	11:1-11,	2000.	51.	Hermann	JS,	Buser	D,	Schenk	RK,	et	al:	Biologic	width	around	one-	and	two-piece	titanium	implants,	Clin	Oral	Implants	Res	12:559-571,	2001.	52.	Hong	HL,	Brunette	DM:	Effect	of	cell	shape	on	proteinase	secretion	by	epithelial
cells,]	Cell	Sci	87(Pt	2)	259-267,	1987.	53.	Huang	YH,	Xiropaidis	AV,	Sorensen	RG,	et	al:	Bone	formation	at	titanium	porous	oxide	(TiUnite)	oral	implants	in	type	IV	bone,	Clin	Oral	Implants	Res	16105-111,	2005.	54.	Huiskes	R,	Weinans	H,	Dalstra	M:	Adaptive	bone	remodeling	and	biomechanical	design	considerations	for	noncemented	total	hip
arthroplasty,	Orthopedics	12:1255-1267,	1989.	55.	Ivanoff	CJ,	Widmark	G,	Johansson	C,	et	al:	Histologic	evaluation	of	bone	response	to	oxidized	and	turned	titanium	micro-implants	in	human	jawbone,	Int]	Oral	Maxillofac	Implants	18:341-348,	2003.	670.e2	PART	3	Oral	lmplantology	56.	Jacobs	R,	van	Steenberghe	D:	Role	of	periodontal	ligament
receptors	in	the	tactile	function	of	teeth:	a	review,	J	Periodontal	Res	29:153-167,	1994.	57.	James	RA:	Peri-implant	considerations,	Dent	Clin	North	Am	24:	415-420,	1980.	58.	Jemt	T:	Failures	and	complications	in	391	consecutively	inserted	fixed	prostheses	supported	by	Branernark	implants	in	edentulous	jaws:	a	study	of	treatment	from	the	time	of
prosthesis	placement	to	the	first	annual	checkup,	Int]	Oral	Maxil/ofac	Implants	6:270-276,	1991.	59.	Kasemo	B:	Biocompatibility	of	titanium	implants:	surface	science	aspects,]	Prnsthet	Dent	49:832-837,	1983.	60.	Kawahara	H,	Kawahara	D,	Mimura	Y,	et	al:	Morphologic	studies	on	the	biologic	seal	of	titanium	dental	implants.	Report	IL	In	vivo	study	on
the	defending	mechanism	of	epithelial	adhesions/attachment	against	invasive	factors,	Int]	0ml	Maxillofac	Implants	13:465-473,	1998.	61.	Kieswetter	K,	Schwartz	Z,	Dean	DD,	et	al:	The	role	of	implant	surface	characteristics	in	the	healing	of	bone,	Crit	Rev	Oral	Biol	Med	7:329-345,	1996.	62.	Kieswetter	K,	Schwartz	Z,	Hummert	TW,	et	al:	Surface
roughness	modulates	the	local	production	of	growth	factors	and	cytokines	by	osteoblast-like	MG-63	cells,]	Biomed	Mater	Res	32:55-63,	1996.	63.	Kirsch	A:	The	two-phase	implantation	method	using	lMZ	intramobile	cylinder	implants,]	Oral	Imp/antol	11197-210,	1983.	64.	Lek	ho	Im	U,	Ericsson	1,	Adell	R,	et	al:	The	condition	of	the	soft	tissues	at	tooth
and	fixture	abutments	supporting	fixed	bridges.	A	microbiological	and	histological	study,]	Clin	Periodontol	13:558-562,	1986.	65.	Lindquist	LW,	Carlsson	GE,	Jemt	T:	A	prospective	15-year	follow-up	study	of	mandibular	fixed	prostheses	supported	by	osseointegrated	implants.	Clinical	results	and	marginal	bone	loss,	Clin	Oral	Implants	Res	7:329-336,
1996.	66.	Linkevicius	T,	Apse	P:	Biologic	width	around	implants.	An	evidencebased	review,	Stomatologija	10:27-35,	2008.	67.	Linkow	LI:	The	endosseous	blade	vent,	Newsl	Am	Acad	Implant	Dent	18:15-24,	1969.	68.	Listgarten	MA:	Soft	and	hard	tissue	response	to	endosseous	dental	implants,	Anat	Rec	245:410-425,	1996.	69.	Listgarten	MA,	Lang	NP,
Schroeder	HE,	et	al:	Periodontal	tissues	and	their	counterparts	around	endosseous	implants	[corrected	and	republished	with	original	paging,	article	originally	printed	in	Clin	Oral	Implants	Res	1991	Jan-Mar;2(1):l-19],	Clin	Oral	Implants	Res	2:1-19,	1991.	70.	McClarence	E:	Close	to	the	edge:	BrJnemark	and	the	development	of	osseointegration,
London,	2003,	Quintessence.	71.	Mella\	A,	Wiskott	HW,	Botsis	J,	et	al:	Stimulating	effect	of	implant	loading	on	surrounding	bone.	Comparison	of	three	numerical	models	and	validation	by	in	vivo	data,	Clin	Oral	Implants	Res	15:239-248,	2004.	72.	Mendonca	G,	Mendonca	DB,	Aragao	FJ,	et	al:	Advancing	dental	implant	surface	technology-from	micron-
to	nanotopography,	Biomateria/s	29:3822-3835,	2008.	73.	Murray	DW,	Rae	T,	Rushton	N:	The	influence	of	the	surface	energy	and	roughness	of	implants	on	bone	resorption,	J	Bone	Joint	Surg	Br	71:	632-637,	1989.	74.	Nanci	A,	Wuest	JD,	Peru	L,	et	al:	Chemical	modification	of	titanium	surfaces	for	covalent	attachment	of	biological	molecules,J	Biomed
Mater	Res	40:324-335,	1998.	75.	Nevins	M,	Nevins	ML,	Camelo	M,	et	al:	Human	histologic	evidence	of	a	connective	tissue	attachment	to	a	dental	implant,	Int	J	Periodontics	Restorative	Dent	28:111-121,	2008.	76.	Nevins	M,	Kim	DM,	Jun	SH,	et	al:	Histologic	evidence	of	a	connective	tissue	attachment	to	laser	microgrooved	abutments:	a	canine	study,
Int]	Periodontics	Restorative	Dent	30:245-255,	2010.	77.	Nevins	M,	Camelo	M,	Nevins	ML,	et	al:	Connective	tissue	attachment	to	laser-microgrooved	abutments:	a	human	histologic	case	report,	Int	J	Periodontics	Restorative	Dent	32:385-392,	2012.	78.	Nimick	GA:	The	Core-Vent	implant	system,	J	Oral	Implantol	10:	379-418,	1982.	79.	Obwegeser	HL:
Experiences	with	subperiosteal	implants,	0ml	Surg	Oral	Med	Oral	Pathol	12:777-786,	1959.	80.	Op	Heij	DG,	Opdebeeck	H,	van	Steenberghe	D,	et	al:	Age	as	compromising	factor	for	implant	insertion,	Periodontal	2000	33:	172-184,	2003.	81.	Pearson	BS,	Klebe	RJ,	Boyan	BD,	et	al:	Comments	on	the	clinical	application	of	fibronectin	in	dentistry,]	Dent
Res	67:515-517,	1988.	82.	Pecora	GE,	Ceccarelli	R,	Bonelli	M,	et	al:	Clinical	evaluation	of	laser	microtexturing	for	soft	tissue	and	bone	attachment	to	dental	implants,	Implant	Dent	18	57-66,	2009.	83.	Pontes	AE,	Ribeiro	FS,	Iezzi	G,	et	al:	Biologic	width	changes	around	loaded	implants	inserted	in	different	levels	in	relation	to	crestal	bone:	84.	85.	86.
87.	88.	89.	90.	91.	92.	93.	94.	95.	96.	97.	98.	99.	100.	101.	102.	103.	104.	105.	106.	107.	108.	109.	110.	histometric	evaluation	in	canine	mandible,	C/in	Orn/	Implants	Res	19483-490,	2008.	Puleo	DA,	Nanci	A:	Understanding	and	controlling	the	bone-implant	interface,	Biomaterials	20:2311-2321,	1999.	Quirynen	M,	De	Soete	M,	van	Steenberghe	D:
Infectious	risks	for	oral	implants:	a	review	of	the	literature,	C/in	Oral	Implants	Res	13:1-19,	2002.	Quirynen	M,	van	Steenberghe	D,	Jacobs	R,	et	al:	The	reliability	of	pocket	probing	around	screw-type	implants,	C/in	Oral	Implants	Res	2:	186-192,	1991.	Raghavendra	S,	Wood	MC,	Taylor	TD:	Early	wound	healing	around	endosseous	implants:	a	review	of



the	literature,	Int	J	Oral	Maxillofac	Implants	20425-431,	2005.	Recum	AF,	Shannon	CE,	Cannon	CE,	et	al:	Surface	roughness,	porosity,	and	texture	as	modifiers	of	cellular	adhesion,	Tissue	Eng	2:241-253,	1996.	Ring	ME:	A	thousand	years	of	dental	implants:	a	definitive	historypart	1,	Compend	Cantin	Educ	Dent	16,	1995,	1060,	1062,	1064	passim.
Ronald	HJ,	Lyngstadaas	SP,	Ellingsen	JE:	A	study	on	the	effect	of	dual	blasting	with	TiO2	on	titanium	implant	surfaces	on	functional	attachment	in	bone,]	Biomed	Mater	Res	A	67:524-530,	2003.	Sanz	M,	Alandez	J,	Lazaro	P,	et	al:	Histo-pathologic	characteristics	of	peri-implant	soft	tissues	in	Branemark	implants	with	2	distinct	clinical	and	radiological
patterns,	Clin	Oral	Implants	Res	2:128-134,	1991.	Scarano	A,	Degidi	M,	Iezzi	G,	et	al:	Correlation	between	implant	stability	quotient	and	bone-implant	contact:	a	retrospective	histological	and	histomorphometrical	study	of	seven	titanium	implants	retrieved	from	humans,	Clin	Implant	Dent	Re/at	Res	8:218-222,	2006.	Schakenraad	JM,	Busscher	HJ,
Wildevuur	CR,	et	al:	The	influence	of	substratum	surface	free	energy	on	growth	and	spreading	of	human	fibroblasts	in	the	presence	and	absence	of	serum	proteins,	J	Biomed	Mater	Res	20	773-784,	1986.	Schenk	RK,	Buser	D:	Osseointegration:	a	reality,	Periodontal	2000	17:	22-35,	1998.	Schierano	G,	Ramieri	G,	Cortese	M,	et	al:	Organization	of	the
connective	tissue	barrier	around	long-term	loaded	implant	abutments	in	man,	Clin	Oral	Implants	Res	13460-464,	2002.	Schnitman	PA,	Shulman	LB:	Recommendations	of	the	consensus	development	conference	on	dental	implants,	J	Am	Dent	Assoc	98:373-377,	1979.	Schou	S,	Holmstrup	P,	Hjorting-Hansen	E,	et	al:	Plaque-induced	marginal	tissue
reactions	of	osseointegrated	oral	implants:	a	review	of	the	literature,	Clin	Oral	Implants	Res	3:149-161,	1992.	Schroeder	A,	Pohler	0,	Sutter	F:	Tissue	reaction	to	an	implant	of	a	titanium	hollow	cylinder	with	a	titanium	surface	spray	layer,	SSO	Schweiz	Monatsschr	Zahnheilkd	86:713-727,	1976.	Schwartz	Z,	Boyan	BD:	Underlying	mechanisms	at	the
bone-biomaterial	interface,]	Cell	Biochem	56:340-347,	1994.	Scortecci	G:	Immediate	function	of	cortically	anchored	disk-design	implants	without	bone	augmentation	in	moderately	to	severely	resorbed	completely	edentulous	maxillae,]	Oral	Implantol	25:70-79,	1999.	Selliseth	NJ,	Selvig	KA:	Microvascular	adaptation	to	transmucosal	implants.	A
scanning	electron	microscopic	study	in	the	rat,	Clin	Oral	Implants	Res	6:205-212,	1995.	Siegele	D,	Soltesz	U:	Numerical	investigations	of	the	influence	of	implant	shape	on	stress	distribution	in	the	jaw	bone,	Int	J	0ml	Maxillofac	Implants	4:333-340,	1989.	Small	IA,	Chalmers	J:	Lyons	memorial	lecture:	metal	implants	and	the	mandibular	staple	bone
plate,]	Oral	Surg	33:571-585,	1975.	Small	IA,	Metz	H,	Kobernick	S:	The	mandibular	staple	implant	for	the	atrophic	mandible,]	Biomed	Mater	Res	8:365-371,	1974.	Small	IA,	Misiek	D:	A	sixteen-year	evaluation	of	the	mandibular	staple	bone	plate,	J	Oral	Maxillofac	Surg	44	60-66,	1986.	Smithloff	M,	Fritz	ME:	The	use	of	blade	implants	in	a	selected
population	of	partially	edentulous	adults.	A	five-year	report,	J	Periodontal	47	19-24,	1976.	Sutter	F,	Schroeder	A,	Straumann	F:	Engineering	and	design	aspects	of	the	I.TL	hollow-basket	implants,]	Oral	Imp/antol	10	535-551,	1983.	Tricia	J,	Laohapand	P,	van	Steenberghe	D,	et	al:	Mechanical	state	assessment	of	the	implant-bone	continuum:	a	better
understanding	of	the	Periotest	method,	Int]	Oral	Maxillofac	Implants	10:43-49,	1995.	Trisi	P,	Lazzara	R,	Rao	W,	et	al:	Bone-implant	contact	and	bone	quality:	evaluation	of	expected	and	actual	bone	contact	on	machined	and	osseotite	implant	surfaces,	Int]	Periodontics	Restorative	Dent	22:535-545,	2002.	Ueda	M,	Matsuki	M,Jacobsson	M,	et	al:
Relationship	between	insertion	torque	and	removal	torque	analyzed	in	fresh	temporal	bone,	Int	J	Oral	Maxil/ofac	Implants	6442-447,	1991.	56	Biological	Aspects	of	Dental	Implants	111.	Versteegh	PA,	van	Beek	GJ,	Slagter	AP,	et	al:	Clinical	evaluation	of	mandibular	overdentures	supported	by	multiple-bar	fabrication:	a	followup	study	of	two	implant
systems,	Int	J	Oral	Maxillofac	Implants	10:	595-603,	1995.	112.	Warrer	K,	Buser	D,	Lang	NP,	et	al:	Plaque-induced	peri-implantitis	in	the	presence	or	absence	of	keratinized	mucosa.	An	experimental	study	in	monkeys,	Clin	Oral	Implants	Res	6:131-138,	1995.	113.	Weber	HP,	Kim	OM,	Ng	MW,	et	al:	Peri-implant	soft-tissue	health	surrounding	cement-
and	screw-retained	implant	restorations:	a	multi-center,	3-year	prospective	study,	Clin	Oral	Implants	Res	17:375-379,	2006.	114.	Webster	TJ,	Ejiofor	JU:	Increased	osteoblast	adhesion	on	nanophase	metals:	Ti,	Ti6Al4V,	and	CoCrMo,	Biomaterials	25:4731-4739,	2004.	115.	Weiss	CM:	Tissue	integration	of	dental	endosseous	implants:	description	and
comparative	analysis	of	the	ti	bro-osseous	integration	and	osseous	integration	systems,	J	Oral	Implantol	12:	169-214,	1986.	116.	Wennerberg	A,	Albrektsson	T:	Suggested	guidelines	for	the	topographic	evaluation	of	implant	surfaces,	Int]	Oral	Maxillofac	Implants	15:	331-344,	2000.	670.e3	117.	WennstromJL,	Bengazi	F,	Lekholm	U:	The	influence	of	the
rnasticatory	mucosa	on	the	peri-implant	soft	tissue	condition,	Clin	Oral	Implants	Res	5	1-8,	1994.	118.	Wikesjo	UM,	Huang	YH,	Xiropaidis	AV,	et	al:	Bone	formation	at	recombinant	human	bone	morphogenetic	protein-2-coated	titanium	implants	in	the	posterior	maxilla	(type	lV	bone)	in	non-human	primates,	J	Clin	Periodontol	35:992-1000,	2008.	119.
Xiao	G,	Cui	Y,	Duey	P,	et	al:	Ascorbic	acid-dependent	activation	of	the	osteocalcin	promoter	in	MC3T3-El	preosteoblasts:	requirement	for	collagen	matrix	synthesis	and	the	presence	of	an	intact	OSE2	sequence,	Mal	Endocrinol	111103-1113,	1997.	120.	Yanase	R:	Management	of	subperiosteal	implant	denture	problems.	ln	International	Symposium	on
P,·eprosthetic	Surge,y,	California,	1985,	Palm	Springs.	121.	Yurkatas	AA:	The	current	state	of	implants	in	prosthodontics,	Newsletter	AM	Acad	Implant	Dent,	1967.	122.	Zarb	G,	Albrektsson	T:	Osseointegration-a	requiem	for	the	periodontal	ligament?	/nt]	Periodontics	Restorative	Dent	14:251-262,	1991.	57	Diagnosis	and	Treatment	Planning	in
lmplantology	PR	Klokkevold	•	DL	Cochran	•	S	Tetradis	SM	Mallya	•	E	Chung	•	T-L	Chang	•	A	Jain	Chapter	Outline	Case	Types	and	Indications	Pretreatment	Evaluation	Risk	Factors	and	Contraindications	Posttreatment	Evaluation	Radiographic	Evaluation	of	the	Implant	Patient	Standard	Projections	Cross-Sectional	Imaging	Clinical	Selection	of
Diagnostic	Imaging	Patient	Evaluation	Prosthetic	&	Biomechanical	Considerations	Biomechanical	Considerations	Treatment	Planning	With	Dental	Implants	Strategies	to	Avoid	Implant	Overload	Endosseous	dental	implants	and	their	retained	prostheses	have	had	a	great	success	over	the	past	few	decades	following	the	landmark	research	and
development	of	osseointegrated	implants	by	Branemark	et	al.	Initially,	most	prosthetic	reconstructions	with	osseointegrated	implants	were	limited	to	use	in	the	edentulous	patients,	with	many	reports	documenting	their	excellent	long-term	success	of	implant-retained	prostheses.	Following	much	success	with	implants	in	edentulous	patients,	the
original	implant	treatment	protocols	were	adapted	for	use	in	partially	edentulous	patients.	Although	some	transitional	problems	were	associated	with	the	early	use	of	dental	implants	in	them,	successes	were	eventually	achieved.	Subsequently,	modifications	in	implant	design,	procedural	techniques,	and	treatment	planning	greatly	improved	implant
therapy	for	the	partially	edentulous	patient.	Currently,	the	long-term	success	of	dental	implants	used	to	replace	single	and	multiple	missing	teeth	in	the	partially	edentulous	patient	is	very	good.	Additionally,	with	the	implementation	of	bone	augmentation	procedures,	even	patients	with	inadequate	bone	volume	have	a	good	opportunity	to	be
successfully	restored	with	implant-retained	prostheses.	Virtually	any	patient	with	an	edentulous	space	is	a	candidate	for	endosseous	implants	and	studies	suggest	that	greater	than	90-95%	success	rates	can	be	expected	in	healthy	patients	with	good	bone	health	and	normal	healing	capacity.	The	ultimate	goal	of	dental	implant	therapy	is	to	satisfy	the
patient's	desire	to	replace	one	or	more	missing	teeth	in	an	esthetic,	secure,	functional,	and	long-lasting	manner.	To	achieve	this	goal,	clinicians	must	accurately	diagnose	the	current	dentoalveolar	condition,	as	well	as	the	overall	mental	and	physical	well-being	of	the	patient,	to	determine	whether	implant	therapy	is	possible	or	practical	and,	perhaps
most	importantly,	whether	it	is	indicated	for	a	particular	patient.	Local	evaluation	of	potential	jaw	sites	for	implant	placement	(eg,	measuring	available	alveolar	bone	height,	width,	and	spatial	relationship)	and	prosthetic	restorability	is	an	essential	part	of	determining	whether	an	implant(s)	is	possible.	However,	determining	whether	the	patient	is	a
good	candidate	for	implants	is	an	equally	important	aspect	of	the	evaluation	process.	This	aspect	of	the	patient	evaluation	includes	identifying	factors	that	might	increase	the	risk	of	failure	or	complications,	as	well	as	determining	whether	the	patient's	expectations	are	reasonable.	This	chapter	presents	an	overview	of	the	clinical	aspects	of	dental
implant	therapy,	including	an	assessment	of	possible	risk	factors	and	contraindications.	It	also	provides	guidelines	for	the	pretreatment	evaluation	of	potential	implant	patients	and	the	posttreatment	evaluation	of	patients	with	implants.	Case	Types	and	Indications	Edentulous	Patients	The	patients	who	seem	to	benefit	most	from	dental	implants	are
those	with	fully	edentulous	arches.	These	patients	can	be	671	672	PART	3	Oral	lmplantology	effectively	restored,	both	esthetically	and	functionally,	with	an	implant-assisted	removable	prosthesis	or	an	implantsupported	fixed	prosthesis.	The	original	design	for	the	edentulous	arch	was	a	fixedbone-anchored	bridge	that	used	five	to	six	implants	in	the
anterior	area	of	the	mandible	or	the	maxilla	to	support	a	fixed,	hybrid	prosthesis.	The	design	is	a	denture-like	complete	arch	of	teeth	attached	to	a	substructure	(metal	framework),	which	in	turn	is	attached	to	the	implants	with	cylindrical	titanium	abutments	(Fig.	5	7	.1).	The	prosthesis	is	fabricated	without	flange	extensions	and	does	not	rely	on	any
soft-tissue	support.	It	is	entirely	implant	supported.	Usually,	the	prosthesis	includes	bilateral	distal	cantilevers,	which	extend	to	replace	posterior	teeth	(back	to	premolars	or	first	molars).	Another	implant-supported	design	used	to	restore	an	edentulous	arch	is	the	ceramic-metal	fixed	bridge	(Fig.	57.2).	Some	patients	prefer	this	design	because	the
ceramic	restoration	emerges	directly	from	the	gingival	tissues	in	a	manner	similar	to	the	appearance	of	natural	teeth.	Depending	on	the	volume	of	existing	bone,	the	jaw	relationship,	the	amount	of	lip	support,	and	phonetics,	some	patients	may	not	be	able	to	be	rehabilitated	with	an	implantsupported	fixed	prosthesis.	One	limitation	of	both	hybrid	and
ceramometal	implantsupported	fixed	prostheses	is	that	they	provide	very	little	lip	support	and	thus	may	not	be	indicated	for	patients	who	have	lost	significant	alveolar	dimension.	This	is	often	more	problematic	for	maxillary	reconstructions	because	lip	support	is	more	critical	in	the	upper	arch.	Furthermore,	for	some	patients,	the	lack	of	a	complete
seal	(ie,	spaces	under	the	framework)	allows	air	to	escape	during	speech,	thus	creating	phonetic	problems.	Depending	on	the	volume	of	existing	bone,	the	jaw	relationship,	the	amount	of	lip	support,	and	phonetics,	some	patients	may	not	be	able	to	be	rehabilitated	with	an	implant-supported	fixed	prosthesis.	For	these	patients,	a	removable,	complete-
denture	type	of	prosthesis	is	a	better	choice	because	it	provides	a	flange	extension	that	can	be	adjusted	and	contoured	to	support	the	lip	and	there	are	no	FIGURE	57.1	Clinical	photograph	of	patient	with	a	complete	maxillary	denture	opposing	a	full-arch	implant-supported	fixed	prosthesis	in	the	mandibular	arch.	FIGURE	57.2	A,	Clinical	photograph
of	acrylic	provisional	fixed	fullarch	prosthesis	in	the	maxilla.	B,	Clinical	photograph	of	the	final	ceramometal	restoration,	anterior	view.	C,	Occlusal	view	of	final	restoration	on	master	cast.	(Courtesy	Dr	Russell	Nishimura,	Westlake	Village,	CA.)	spaces	for	unwanted	air	escape	during	speech.	This	type	of	prosthesis	can	be	retained	and	stabilized	by	two
or	more	implants	placed	in	the	anterior	region	of	the	maxilla	or	mandible.	Methods	used	to	secure	the	denture	to	the	implants	vary	from	separate	attachments	on	each	individual	implant	to	clips	or	other	attachments	that	connect	to	a	bar,	which	splints	the	implants	together	(Fig.	57.3).	Advantages	and	disadvantages	of	these	attachment	designs	are
discussed	in	Chapter	58.	Although	the	stability	of	the	implant-retained	overdenture	does	not	compare	to	the	rigidly	attached,	implant-supported	fixed	prosthesis,	the	increased	retention	and	stability	over	conventional	complete	dentures	is	an	important	advantage	for	denture	wearers.	Additionally,	implant-assisted	and	implant-Supported	prostheses
are	thought	to	protect	alveolar	bone	from	additional	bone	loss	caused	by	the	long-term	use	of	removable	prostheses	that	are	bearing	directly	on	the	alveolar	ridges.	57	Diagnosis	and	Treatment	Planning	in	lmplantology	673	FIGURE	57.3	A,	Laboratory	view	of	maxillary	overdenture	bar	attached	to	four	implants	with	anterior	clips	and	posterior
extracoronal	resilient	attachments	(ERAs).	B,	Clinical	view	of	maxillary	overdenture	bar.	C,	Palateless	maxillary	complete	overdenture.	D,	Tissue	surface	of	same	maxillary	implant-assisted	overdenture	showing	clips	and	ERAs.	(Courtesy	Dr	John	Beumer,	UCLA	Maxillofacial	Prosthodontics,	Los	Angeles.)	Partially	Edentulous	Patients	Multiple	Teeth
Partially	edentulous	patients	with	multiple	missing	teeth	represent	another	viable	treatment	population	for	osseointegrated	implants	but	the	remaining	natural	dentition	(occlusal	schemes,	periodontal	health	status,	spatial	relationships,	and	esthetics)	introduces	additional	challenges	for	successful	rehabilitation.	The	juxtaposition	of	implants	with
natural	teeth	in	the	partially	edentulous	patient	presents	the	clinician	with	challenges	not	encountered	with	implants	in	the	edentulous	patient.	As	a	result	of	distinct	differences	in	the	biology	and	function	of	implants	compared	with	natural	teeth,	clinicians	must	educate	themselves	and	use	a	prescribed	approach	to	the	evaluation	and	treatment
planning	of	implants	for	partially	edentulous	patients	(see	Chapter	57).	In	general,	endosseous	dental	implants	can	support	a	freestanding	fixed-partial	denture.	Adjacent	natural	teeth	are	not	necessary	for	support,	but	their	close	proximity	requires	special	attention	and	planning.	The	major	advantage	of	implant-supported	restorations	in	partially
edentulous	patients	is	that	they	replace	missing	teeth	without	invasion	or	alteration	of	adjacent	teeth.	Preparation	of	natural	teeth	becomes	unnecessary	and	larger	edentulous	spans	can	be	restored	with	implant-supported	fixed	bridges.	Moreover,	patients	who	previously	did	not	have	a	fixed	option,	such	as	those	with	Kennedy	Class	I	and	II	partially
edentulous	situations,	can	be	restored	with	an	implant-supported	fixed	restoration	(Fig.	5	7.	4).	Early	attempts	to	use	endosseous	implants	to	replace	missing	teeth	in	the	partially	edentulous	patient	were	a	challenge	partly	because	the	implants	and	armamentarium	were	designed	for	the	edentulous	patient	and	did	not	have	much	flexibility	for
adaptation	and	use	in	the	partially	edentulous	patient.	Today,	clinicians	have	many	choices	in	terms	of	implant	length,	diameter,	and	abutment	connection	to	choose	for	the	optimal	replacement	of	any	missing	tooth,	large	or	small	(Fig.	57	5).	The	primary	challenge	with	partially	edentulous	cases	is	an	underestimation	of	the	importance	of	treatment
planning	for	implant-retained	restorations	with	an	adequate	number	of	implants	to	withstand	occlusal	loads.	For	example,	one	problem	that	required	correction	was	the	misconception	that	two	implants	could	be	used	to	support	a	long-span,	multiunit	fixed	bridge	in	the	posterior	area.	Multiunit	fixed	restorations	in	the	posterior	jaw	are	more	likely	to
experience	complications	or	failures	(mechanical	or	biologic)	when	they	are	inadequately	supported	either	in	terms	of	the	number	of	implants,	quality	of	bone,	or	strength	of	the	implant	material	(see	Chapter	57).	The	use	of	implants	of	adequate	width	and	length	and	better	treatment	planning	(more	implants	used	to	support	more	restorative	units),
particularly	in	areas	of	poor-quality	bone,	has	solved	many	of	these	problems.	Single	Tooth	Patients	with	a	missing	single	tooth	(anterior	or	posterior)	represent	another	type	of	patient	who	benefits	greatly	from	674	PART	3	Oral	lmplantology	FIGURE	57.4	A,	Clinical	view	of	partially	edentulous	posterior	mandible	(Kennedy	Class	II	distal	extension).	B,
Occlusal	view	of	same	patient	in	A	restored	with	implant-supported	fixed	restoration	replacing	teeth	1118	and	1119.	Note	that	the	dimensions	of	the	crowns	are	smaller	than	typical	mandibular	molars	(ie,	closer	to	bicuspid	size).	C,	Buccal	view	of	same	restorations.	1-s-l	1--s-l	l-s-1	l-s-1	f-s.s,	1-s-l	l--1.s-l	(A)	(B)	FIGURE	57.5	Diagram	representing	the
use	of	wide-,	narrow-,	and	standard-diameter	implants	for	molars,	mandibular	incisors,	and	other	teeth	(different-sized	implants	superimposed	over	various	teeth).	A,	Maxillary	teeth.	B,	Mandibular	teeth.	the	success	and	predictability	of	endosseous	dental	implants	(see	Video	57.1:	Single	Esthetic	Implant	Slide	Show).	Replacement	of	a	single	missing
tooth	with	an	implantsupported	crown	is	a	much	more	conservative	approach	than	preparing	two	adjacent	teeth	for	the	fabrication	of	a	toothsupported	fixed-partial	denture.	It	is	no	longer	necessary	to	"cut"	healthy	or	minimally	restored	adjacent	teeth	to	replace	a	missing	tooth	with	a	nonremovable	prosthetic	replacement	(Fig.	57.6).	Reported
success	rates	for	single-tooth	implants	are	excellent.	Replacement	of	an	individual	missing	posterior	tooth	with	an	implant-supported	restoration	has	been	successful	as	well.	The	greatest	challenges	to	overcome	with	the	singletooth	implant	restorations	were	screw	loosening	and	implant	or	component	fracture.	Due	to	the	increased	potential	to
generate	forces	in	the	posterior	area,	the	implants,	components,	and	screws	often	failed.	Both	these	problems	have	been	addressed	with	the	use	of	wider-diameter	implants	and	internal	fixation	of	components	(Fig.	57.	7).	Wide-diameter	implants	often	have	a	wider	platform	(restorative	interface)	that	resists	tipping	forces	and	thus	reduces	screw
loosening.	The	wide-diameter	implant	also	provides	greater	strength	and	resistance	to	fracture	as	a	result	of	increased	wall	thickness	(the	thickness	of	the	implant	between	the	inner	screw	thread	and	the	outer	screw	thread).	Implants	with	an	internal	connection	are	inherently	more	resistant	to	screw	loosening	and	thus	have	an	added	advantage	for
single-tooth	applications.	Esthetic	Considerations	Anterior	single-tooth	implants	present	some	of	the	same	challenges	as	the	single	posterior	tooth	supported	by	an	implant	but	they	also	are	an	esthetic	concern	for	patients.	Some	cases	are	more	esthetically	challenging	than	others	because	of	the	nature	of	each	individual's	smile	and	display	of	teeth.
The	prominence	and	occlusal	relationship	of	existing	teeth,	the	thickness	and	health	of	periodontal	tissues,	and	the	patient's	own	psychologic	perception	of	esthetics,	all	play	a	role	in	57	Diagnosis	and	Treatment	Planning	in	lmplantology	675	compromised	or	thin	periodontium,	inadequate	hard	or	soft	tissues,	and	high	expectations	are	probably	some
of	the	most	difficult	challenges	in	implant	dentistry	and	should	not	be	attempted	by	novice	clinicians.	Pretreatment	Evaluation	FIGURE	57.6	Single-tooth	replacement.	A,	Implant	in	place.	B,	Metalloceramic	crown.	the	esthetic	challenge	of	the	case.	Cases	with	good	bone	volume,	bone	height,	and	tissue	thickness	can	be	predictable	in	terms	of
achieving	satisfactory	esthetic	results	(see	Fig.	57.6).	However,	achieving	esthetic	results	for	patients	with	lessthan-ideal	tissue	qualities	poses	difficult	challenges	for	the	restorative	and	surgical	team.	Replacing	a	single	tooth	with	an	implant-supported	crown	in	a	patient	with	a	high-smile	line,	A	comprehensive	evaluation	is	indicated	for	any	patient
who	is	being	considered	for	dental	implant	therapy.	The	evaluation	should	assess	all	aspects	of	the	patient's	current	health	status,	including	a	review	the	patient's	past	medical	history,	medications,	and	medical	treatments.	Patients	should	be	questioned	about	parafunctional	habits,	such	as	clenching	or	grinding	teeth,	as	well	as	any	substance	use	or
abuse,	including	tobacco,	alcohol,	and	drugs.	The	assessment	should	also	include	an	evaluation	of	the	patient's	motivations,	level	of	understanding,	compliance,	and	overall	behavior.	For	most	patients,	this	involves	simply	observing	their	demeanor	and	listening	to	their	comments	for	an	impression	of	their	overall	sensibility	and	coherence	with	other
patient	norms.	An	intraoral	and	radiographic	examination	must	be	done	to	determine	whether	it	is	possible	to	place	implant(s)	in	the	desired	location(s).	Properly	mounted	diagnostic	study	models	and	intraoral	clinical	photographs	are	a	useful	part	of	the	clinical	examination	and	treatment-planning	process	to	aid	in	assessment	of	spatial	and	occlusal
relationships.	Once	the	data	collection	is	completed,	the	clinician	will	be	able	to	determine	whether	an	implant	therapy	is	possible,	practical,	and	indicated	for	the	patient.	Conducting	an	organized,	systematic	history	and	examination	is	essential	in	obtaining	an	accurate	diagnosis	and	creating	a	treatment	plan	that	is	appropriate	for	the	patient.	Each
treatment	plan	should	be	comprehensive	and	provide	several	treatment	options	for	the	patient,	including	periodontal	and	restorative	therapies.	Then,	in	consultation,	the	clinician	can	agree	on	the	final	treatment	plan	with	the	patient.	Information	gathered	throughout	the	process	will	help	the	clinician's	decision-making	process	and	determine	whether
a	patient	is	a	good	candidate	for	dental	implants.	A	thoughtful	and	well-executed	evaluation	can	also	reveal	deficiencies	and	indicate	what	additional	surgical	procedures	may	be	necessary	to	accomplish	the	desired	goals	of	therapy	(eg,	localized	ridge	augmentation,	sinus	bone	augmentation,	FIGURE	57.7	A,	Occlusal	view	of	healing	abutment,	which
is	attached	to	a	wide-diameter	implant	used	to	replace	a	single	missing	molar.	B,	Radiograph	of	same	patient	depicted	in	A,	showing	the	wide-diameter	implant	supporting	the	final	restoration	(molar	replaced	with	a	single-tooth	implantsupported	crown).	676	PART	3	Oral	lmplantology	etc.).	Each	part	of	the	pretreatment	evaluation	is	briefly	discussed
here.	Chief	Complaint	What	is	the	problem	or	concern	in	the	patient's	own	words?	What	is	the	patient's	goal	of	treatment,	and	how	realistic	are	the	patient's	expectations?	The	patient's	chief	concern,	desires	for	treatment,	and	vision	of	the	successful	outcome	must	be	taken	into	consideration.	The	patient	will	measure	implant	success	according	to
personal	criteria.	The	overall	comfort	and	function	of	the	implant	restoration	are	often	the	most	important	factors,	but	satisfaction	with	the	appearance	of	the	final	restoration	will	also	influence	the	patient's	perception	of	success.	Furthermore,	patient	satisfaction	may	be	influenced	simply	by	the	impact	that	the	treatment	has	on	the	patient's
perceived	quality	of	life.	Patients	will	evaluate	for	themselves	whether	the	treatment	helped	them	to	eat	better,	look	better,	or	feel	better	about	themselves.	The	clinician	could	consider	an	implant(s)	and	the	retained	prosthesis	a	success	using	standard	criteria	of	symptom-free	implant	function,	implant	stability,	and	lack	of	periimplant	infection	or
bone	loss.	At	the	same	time,	however,	the	patient	who	does	not	like	the	esthetic	result	or	does	not	think	the	condition	has	improved	could	consider	the	treatment	as	a	failure.	Therefore,	it	is	critical	to	inquire,	as	specifically	as	possible,	about	the	patient's	expectations	before	initiating	implant	therapy	and	to	appreciate	the	patient's	desires	and	values.
With	this	goal	in	mind,	it	is	often	helpful	and	advisable	to	invite	patients	to	bring	their	spouses	or	family	members	to	the	consultation	and	treatment-planning	visits	to	add	an	independent	"trusted"	observer	to	the	discussion	of	treatment	options.	Ultimately,	it	is	the	clinician's	responsibility	to	determine	if	the	patient	has	realistic	expectations	for	the
outcome	of	therapy	and	to	educate	the	patient	about	realistic	outcomes	for	each	treatment	option.	Medical	History	A	thorough	medical	history	is	required	for	any	patient	in	need	of	dental	treatment,	regardless	of	whether	implants	are	part	of	the	plan.	This	history	should	be	documented	in	writing	by	the	patient's	completion	of	a	standard	health	history
form	and	verbally	through	an	interview	with	the	treating	clinician.	The	patient's	health	history	should	be	reviewed	for	any	condition	that	might	put	the	patient	at	risk	for	adverse	reactions	or	complications.	Patients	must	be	in	reasonably	good	health	to	undergo	surgical	therapy	for	the	placement	of	dental	implants.	Any	disorder	that	may	impair	the
normal	wound-healing	process,	especially	as	it	relates	to	bone	metabolism,	should	be	carefully	considered	as	a	possible	risk	factor	or	contraindication	to	implant	therapy	(see	section:	Risk	Factors	and	Contraindications).	A	thorough	physical	examination	is	warranted	if	any	questions	arise	about	the	health	status	of	the	patient.	Appropriate	laboratory
tests	(eg,	coagulation	tests	for	a	patient	receiving	anticoagulant	therapy)	should	be	requested	to	further	evaluate	any	conditions	that	may	affect	the	patient's	ability	to	undergo	the	planned	surgical	and	restorative	procedures	safely	and	effectively.	If	any	questions	remain	about	the	patient's	health	status,	a	medical	clearance	for	surgery	should	be
obtained	from	the	patient's	treating	physician.	Dental	History	A	review	of	a	patient's	past	dental	experiences	can	be	a	valuable	part	of	the	overall	evaluation.	Does	the	patient	report	a	history	of	recurrent	or	frequent	abscesses,	which	may	indicate	a	susceptibility	to	infections	or	diabetes?	Does	the	patient	have	many	restorations?	How	compliant	has
the	patient	been	with	previous	dental	recommendations?	What	are	the	patient's	current	oral	hygiene	practices?	The	individual's	previous	experiences	with	surgery	and	prosthetics	should	be	discussed.	If	a	patient	reports	numerous	problems	and	difficulties	with	past	dental	care,	including	a	history	of	dissatisfaction	with	past	treatment,	the	patient	may
have	similar	difficulties	with	implant	therapy.	It	is	essential	to	identify	past	problems	and	to	elucidate	any	contributing	factors.	The	clinician	must	also	assess	the	patient's	dental	knowledge	and	understanding	of	the	proposed	treatment,	as	well	as	the	patient's	attitude	and	motivation	toward	implants.	lntraoral	Examination	The	oral	examination	is
performed	to	assess	the	current	health	and	condition	of	existing	teeth,	as	well	as	to	evaluate	the	condition	of	the	oral	hard	and	soft	tissues.	It	is	imperative	that	no	pathologic	conditions	are	present	in	any	of	the	hard	or	soft	tissues	in	the	maxillofacial	region.	All	oral	lesions,	especially	infections,	should	be	diagnosed	and	appropriately	treated	before
implant	therapy.	Additional	criteria	to	consider	include	the	patient's	habits,	level	of	oral	hygiene,	overall	dental	and	periodontal	health,	occlusion,	jaw	relationship,	temporomandibular	joint	condition,	and	ability	to	open	wide.	After	a	thorough	intraoral	examination,	the	clinician	can	evaluate	potential	implant	sites.	All	sites	should	be	clinically	evaluated
to	measure	the	available	space	in	the	bone	for	the	placement	of	implants	and	in	the	dental	space	for	prosthetic	tooth	replacement	(Box	57.1).	The	mesial-distal	and	buccal-lingual	dimensions	of	edentulous	spaces	can	be	approximated	with	a	periodontal	probe	or	other	measuring	instrument.	The	orientation	or	tilt	of	adjacent	teeth	and	their	roots	should
be	noted	as	well.	There	may	be	enough	space	in	the	coronal	area	for	the	restoration	but	not	enough	space	in	the	apical	region	for	the	implant	if	roots	are	directed	into	the	area	of	interest	(Fig.	57.8).	Conversely,	there	may	be	adequate	space	between	roots	but	the	coronal	aspects	of	the	teeth	may	be	too	close	for	emergence	and	restoration	of	the
implant.	If	either	of	these	conditions	is	discovered,	orthodontic	tooth	movement	may	be	indicated.	Ultimately,	edentulous	areas	need	to	be	precisely	measured	using	diagnostic	study	models	and	imaging	techniques	to	determine	whether	space	is	available	and	whether	adequate	bone	volume	exists	to	replace	missing	teeth	with	implants	and	implant
restorations.	Figure	57.9	diagrams	the	minimal	space	requirements	for	standard-,	wide-,	and	narrow-diameter	implants	placed	between	natural	teeth,	and	the	minimal	interocclusal	space	needed	to	restore	implants.	Diagnostic	Study	Models	Mounted	study	models	are	an	excellent	means	of	assessing	potential	sites	for	dental	implants.	Properly
articulated	models	with	diagnostic	wax-up	of	the	proposed	restorations	allow	the	clinician	to	evaluate	the	available	space	and	57	Diagnosis	and	Treatment	Planning	in	lmplantology	677	Mucli	Space	Is	Required	for	the	Placement	of	One	or	More	lrnP.lants?'	ALVEOLAR	BONE	Assuming	an	implant	is	4	mm	in	diameter	and	10	mm	long,	the	minimal
width	of	the	jawbone	needs	to	be	6-7	mm,	and	the	minimal	height	should	be	10	mm	(minimum	of	12	mm	in	the	posterior	mandible	where	an	additional	margin	of	safety	is	required	over	the	mandibular	nerve).	This	dimension	is	desired	to	maintain	at	least	1.0-1.5	mm	of	bone	around	all	surfaces	of	the	implant	after	preparation	and	placement.
incrementally	according	to	the	size	of	the	implant.	For	example,	the	minimal	space	needed	for	the	placement	of	an	implant	6	mm	in	diameter	is	9	mm	(7	mm+	2	mm).	Whenever	the	avai	I	able	space	between	teeth	is	greater	than	7	mm	and	less	than	14	mm,	only	one	implant,	such	as	placement	of	a	wide-diameter	implant,	should	be	considered.	Two
narrowdiameter	implants	could	be	positioned	in	a	space	that	is	12	mm.	However,	the	smaller	implant	may	be	more	vulnerable	to	implant	fracture.	INTERDENTAL	SPACE	Edentulous	spaces	need	to	be	measured	to	determine	whether	enough	space	exists	for	the	placement	and	restoration	with	one	or	more	implant	crowns.	The	minimal	space
requirements	for	the	placement	of	one,	two,	or	more	implants	are	illustrated	diagrammatically	in	Fig.	57.9.	The	minimal	mesial-distal	space	for	an	implant	placed	between	two	teeth	is	7	mm.	The	minimal	mesial-distal	space	required	for	the	placement	of	two	standard-diameter	implants	(4-mm	diameter)	between	teeth	is	14	mm.	The	required	minimal
dimensions	for	wide-diameter	or	narrow-diameter	implants	will	increase	or	decrease	INTEROCCLUSAL	SPACE	The	restoration	consists	of	the	abutment,	the	abutment	screw,	and	the	crown	(it	may	also	include	a	screw	to	secure	the	crown	to	the	abutment	if	it	is	not	cemented).	This	restorative	"stack"	is	the	total	of	all	the	components	used	to	attach
the	crown	to	the	implant.	The	dimensions	of	the	restorative	stack	vary	slightly	depending	on	the	type	of	abutment	and	the	implant-restorative	interface	(ie,	internal	or	external	connection).	The	minimum	amount	of	interocclusal	space	required	for	the	restorative	"stack"	on	an	external	hextype	implant	is	7	mm.	'All	the	minimal	space	requirements
discussed	here	are	generic	averages.	The	actual	space	limitations	for	any	particular	implant	system	must	be	determined	according	to	the	manufacturer's	specifications.	to	determine	potential	limitations	of	the	planned	treatment	(Fig.	57	10)	This	is	particularly	useful	when	multiple	teeth	are	to	be	replaced	with	implants	or	when	a	malocclusion	is
present.	Hard-Tissue	Evaluation	The	amount	of	available	bone	is	the	next	criterion	to	evaluate.	Wide	variations	in	jaw	anatomy	are	encountered,	and	it	is	therefore	important	to	analyze	the	anatomy	of	the	dentoalveolar	region	of	interest	both	clinically	and	radiographically.	A	visual	examination	can	immediately	identify	deficient	areas	(Fig.	57.11),
whereas	other	areas	that	appear	to	have	good	ridge	width	will	require	further	evaluation	(Fig.	57.12).	Clinical	examination	of	the	Jawbone	consists	of	palpation	to	feel	for	anatomic	defects	and	variations	in	the	jaw	anatomy,	such	as	concavities	and	undercuts.	If	desired,	it	is	possible	with	local	anesthesia	to	probe	through	the	soft	tissue	(intraoral	bone
mapping)	to	assess	the	thickness	of	the	soft	tissues	and	measure	the	bone	dimensions	at	the	proposed	surgical	site.	The	spatial	relationship	of	the	bone	must	be	evaluated	in	a	three-dimensional	(3D)	view	because	the	implant	must	be	placed	in	the	appropriate	position	relative	to	the	prosthesis.	It	is	possible	that	an	adequate	dimension	of	bone	is
available	in	the	anticipated	implant	site	(Box	57.1),	but	that	the	bone	and	thus	the	implant	placement	might	be	located	too	lingual	or	too	buccal	for	the	desired	prosthetic	tooth	replacement.	Bone	augmentation	procedures	may	be	necessary	to	facilitate	the	placement	of	an	implant	in	an	acceptable	prosthetic	position	despite	the	availability	of	an
adequate	quantity	of	bone	(ie,	the	bone	is	in	the	wrong	location).	Indications	for	the	use	of	bone-augmentation	procedures	are	discussed	in	Chapter	58.	Radiographic	Examination	FIGURE	57.8	A,	Clinical	photograph	of	maxillary	premolar	space	with	apparently	adequate	space	between	the	remaining	teeth	for	an	implantsupported	crown.	B,
Radiograph	clearly	shows	a	lack	of	space	between	the	roots	of	the	adjacent	teeth	as	a	result	of	convergence	into	the	space	(same	patient	as	in	A).	Radiographic	assessment	of	the	quantity,	quality,	and	location	of	available	alveolar	bone	in	potential	implant	sites	ultimately	determines	whether	a	patient	is	a	candidate	for	implants	and	if	a	particular
implant	site	needs	bone	augmentation.	Appropriate	radiographic	procedures,	including	periapical	radiographs,	panoramic	projections,	and	cross-sectional	imaging,	can	help	identify	vital	structures,	such	as	the	floor	of	the	nasal	cavity,	maxillary	sinus,	mandibular	canal,	and	mental	foramen	(see	Chapter	57).	In	addition	to	the	absolute	dimensional
measurement	of	the	alveolar	bone,	it	is	important	to	determine	whether	the	volume	of	bone	radiographically	(as	well	as	clinically)	is	located	in	a	position	to	allow	for	the	proper	position	of	the	implant	to	facilitate	restoration	of	the	tooth/teeth	in	proper	esthetic	and	functional	relationship	with	the	adjacent	and	opposing	dentition.	The	best	way	to
evaluate	the	relationship	of	678	PART	3	Oral	lmplantology	(A)	(8)	The	minimum	mesial-distal	(d)	required	for	a:	A.	Narrow	diameter	implant	(e.g.,	3.25	mm)	is	6	mm.	B.	Standard	diameter	implant	(e.g.,	4.1	mm)	is	7	mm.	C.	Wide	diameter	implant	(e.g.,	5.0	mm)	is	8	mm.	D.	Wide	diameter	Implant	(e.g.,	6.0	mm)	Is	9	mm.	The	minimum	mesial-distal	(d)
required	for	two	standard	diameter	Implants	is	14	mm	wide.	FIGURE	57.9	A,	Minimum	amount	of	mesial-distal	space	(d)	required	for	placement	of	single-tooth	implant	between	natural	teeth:	(A)	6	mm	for	narrow-diameter	implant	(3.25	mm);	(B)	7	mm	for	standard-diameter	implant	(4.1	mm);	(C	and	D)	8	mm	and	9	mm,	respectively,	for	wide-diameter
implants	(5.0	mm	and	6.0	mm).	B,	Minimum	amount	of	mesial-distal	space	(d)	required	for	placement	of	two	standard-diameter	(4.1	mm)	implants	between	natural	teeth	is	14	mm.	This	allows	approximately	2	mm	between	teeth/implants	and	between	implant/implant.	Minimum	amount	of	space	required	between	implant/restoration	interface	and
opposing	occlusal	surfaces	for	restoration	of	an	implant.	This	dimension	will	vary,	depending	on	implant	design	and	manufacturer	component	dimensions.	The	minimal	dimension	of	7	mm	is	based	on	an	externally	hexed	implant	and	UCLA	abutment.	available	bone	to	the	dentition	is	to	image	the	patient	with	a	diagnostically	accurate	guide	using
radiopaque	markers	that	are	positioned	at	the	proposed	prosthetic	locations,	ideally	with	appropriate	restorative	contours	(Fig.	5	7	.13).	Soft-Tissue	Evaluation	Evaluation	of	the	quality,	quantity,	and	location	of	soft	tissue	present	in	the	anticipated	implant	site	helps	to	anticipate	the	type	of	tissue	that	will	surround	the	implant(s)	after	treatment	is
completed	(keratinized	vs	nonkeratinized	mucosa).	For	some	cases,	depending	on	the	clinician's	view	of	keratinized	tissue,	evaluation	may	reveal	a	need	for	soft-tissue	augmentation	(Box	57.2).	Areas	with	minimal	or	no	existing	keratinized	mucosa	may	be	augmented	with	gingival	or	connective	tissue	grafts.	Other	soft	tissue	concerns,	such	as	frenum
attachments	or	pulls,	should	be	thoroughly	evaluated	as	well.	Risk	Factors	and	Contraindications	Clearly,	there	are	numerous	indications	for	the	use	of	endosseous	dental	implants	to	replace	missing	teeth.	Most	patients	who	are	missing	one	or	more	teeth	can	benefit	from	the	application	of	an	implant-retained	prosthesis	provided	they	meet	the
requirements	for	surgical	and	prosthetic	rehabilitation.	Edentulous	patients	who	are	unable	to	function	with	complete	dentures	and	who	have	adequate	bone	for	the	placement	of	dental	implants	can	be	especially	good	dental	implant	candidates.	Partially	edentulous	patients	are	increasingly	being	treated	with	dental	implant	restorations.	Many
patients,	whether	they	are	missing	one,	several,	or	all	of	their	teeth,	can	be	predictably	restored	with	implant-retained	prostheses.	In	this	era	of	high	implant	success	and	predictability	and	thus	possible	complacency,	it	is	imperative	for	clinicians	to	57	Diagnosis	and	Treatment	Planning	in	lmplantology	679	FIGURE	57.10	Photographs	of	a	diagnostic
model	with	proposed	lateral	incisor	and	first	molar	tooth	replacement	waxed-up	to	evaluate	the	amount	of	space	and	contours.	A,	Diagnostic	cast	of	maxillary	arch	with	missing	left	lateral	incisor	and	left	first	molar.	B,	Diagnostic	wax-up	of	lateral	incisor	and	first	molar	in	the	maxillary	arch.	C,	Diagnostic	cast	of	mandibular	arch	with	missing	left	first
molar.	D,	Diagnostic	wax-up	of	first	molar.	E,	Articulated	maxillary	and	mandibular	diagnostic	models	with	wax-up	of	lateral	incisor	and	first	molars	to	evaluate	dimensions	and	contours.	(Courtesy	Dr	Stacy	Yu,	University	of	California,	Los	Angeles).	recognize	risk	factors	and	contraindications	to	implant	therapy	so	that	problems	can	be	minimized	and
patients	can	be	accurately	informed	about	risks.	As	such,	the	clinician	must	be	knowledgeable	in	this	area	and	inform	patients	about	risk	factors	and	contraindications	before	initiating	treatment.	Contraindications	for	the	use	of	dental	implants,	although	relatively	few	and	often	not	well	defined,	do	exist.	Some	conditions	are	probably	best	described	as
"risk	factors"	rather	than	"contraindications"	for	treatment	because	implants	can	be	successful	in	almost	all	patients;	implants	may	be	less	predictable	in	some	situations,	and	this	distinction	should	be	recognized.	Ultimately,	it	is	the	clinician's	responsibility	with	the	patient	to	make	decisions	as	to	when	implant	therapy	is	not	indicated.	Table	57.1
(online)	lists	some	conditions	and	factors	that	are	thought	to	increase	the	risk	for	implant	failure	or	otherwise	deem	the	patient	a	poor	candidate	for	implant	therapy.	Some	of	these	conditions	are	briefly	discussed	online.	680	PART	3	Oral	lmplantology	FIGURE	57.11	Clinical	photographs	of	edentulous	areas	with	obvious	deficient	areas	of	alveolar
dimension	noted	on	visual	examination.	A,	Anterior	maxilla;	B,	Posterior	maxilla;	C,	Anterior	mandible;	D,	Posterior	mandible.	These	clinical	images	all	represent	buccal-lingual	deficiencies	in	the	alveolar	dimensions.	FIGURE	57.12	Clinical	photographs	of	edentulous	areas	with	apparent	good	alveolar	dimension	noted	on	visual	examination.	A,
Anterior	maxilla;	B,	Posterior	maxilla;	C,	Anterior	mandible;	D,	Posterior	mandible.	It	is	likely	that	these	sites	have	adequate	bone	volume	for	implant	placement.	However,	it	is	also	possible	to	find	alveolar	deficiencies	despite	the	appearance	of	wide	ridges.	57	Diagnosis	and	Treatment	Planning	in	lmplantology	681	FIGURE	57.13	The	hammer-and-
anvil	effect	is	a	useful	analogy	for	the	clinician	to	keep	in	mind,	evoking	the	combination	syndrome,	when	planning	treatment	for	an	edentulous	maxilla	opposing	a	partially	dentate	mandible.	A,	Illustration	of	an	edentulous	maxilla	opposing	a	mandible	that	is	missing	posterior	teeth.	The	lack	of	posterior	occlusion	leads	to	overclosure	of	the	mandible
and	results	in	increased	forces	being	applied	to	the	anterior	maxilla	by	the	mandibular	anterior	natural	dentition.	B,	Illustration	of	the	hammer-and-anvil	effect	of	combination	syndrome.	for	implant	restorations.	Keratinized	mucosa	is	typically	thicker	and	denser	than	alveolar	mucosa	(nonkeratinized).	It	forms	a	strong	seal	around	the	implant	with	a
cuff	of	circular	(parallel)	fibers	around	the	implant,	abutment,	or	restoration	that	is	resistant	to	retraction	with	mastication	forces	and	oral	hygiene	procedures.	Implants	with	coated	surfaces	[ie,	hydroxyapatite	or	titanium-plasma	spray	coating]	demonstrate	greater	periimplant	bone	loss	and	failures	in	the	absence	of	keratinized	mucosa.	The	debate
about	whether	it	is	necessary	to	have	a	zone	of	keratinized	tissue	surrounding	implants	continues.	Despite	strong	opinions	and	beliefs	about	the	need	for	keratinized	mucosa	around	implants	versus	this	mucosa	being	unnecessary,	neither	argument	has	been	proved.	Some	studies	have	concluded	that,	in	the	presence	of	good	oral	hygiene,	a	lack	of
keratinized	tissue	does	not	impair	the	health	or	function	of	implants.	Others	strongly	believe	that	keratinized	mucosa	has	better	functional	and	esthetic	results	TABLE	57.1	RISK	FACTORS	AND	CONTRAINDICATIONS	FOR	IMPLANT	THERAPY	Risk	Factor	Contraindication	Medical	and	systemic	health-related	issues	Diabetes	(poorly	controlled)	Bone
metabolic	disease	(eg,	osteoporosis)	Radiation	therapy	(head	and	neck)	Bisphosphonate	therapy	[intravenous	(IV)]	Bisphosphonate	therapy	(oral)	lmmunosuppressive	medication	lmmunocompromising	disease	(eg,	HIV	and	AIDS)	77-Possibly	77-Probably	Yes	77-Probably	77-Possibly	??-Probably	77-Possibly	Relative	Relative	Relative/Absolute
Relative/Absolute	Relative	Relative	Relative	Psychologic	and	mental	conditions	Psychiatric	syndromes	(eg,	schizophrenia	and	paranoia)	Mental	instability	(eg,	neurotic	and	hysteric)	Mentally	impaired	and	uncooperative	Irrational	fears	and	phobias	Unrealistic	expectations	No	No	No	No	No	Absolute	Absolute	Absolute	Absolute	Absolute	Habits	and
behavioral	considerations	Smoking	and	tobacco	use	Parafunctional	habits	Substance	abuse	(eg,	alcohol	and	drugs)	Yes	Yes	77-Possibly	Relative	Relative	Absolute	Intraoml	examination	findings	Atrophic	maxilla	Current	infection	(eg,	endodontic)	Periodontal	disease	Yes	Yes	77-Possibly	Relative	Relative	Relative	57	Diagnosis	and	Treatment	Planning	in
lmplantology	Medical	and	Systemic	Health-Related	Issues	Although	few	absolute	medical	contraindications	to	implant	therapy	exist,	some	relative	contraindications	are	important	to	consider.	The	clinician	must	consider	medical	and	healthrelated	conditions	that	affect	bone	metabolism	or	any	aspect	of	the	patient's	capacity	to	heal	normally	This
category	includes	conditions,	such	as	diabetes,	osteoporosis,	immune	compromise,	medications,	and	medical	treatments	such	as	chemotherapy	and	irradiation.	Diabetes	Mellitus	Diabetes	is	a	metabolic	disease	that	can	have	significant	effects	on	the	patient's	ability	to	heal	normally	and	resist	infections.	This	is	particularly	true	for	patients	whose
diabetes	is	not	well	controlled.	Poorly	controlled	diabetics	often	have	impaired	wound	healing	and	a	predisposition	to	infections,	whereas	diabetic	patients	whose	disease	is	well	controlled	experience	few,	if	any,	problems	(see	Chapter	12).	There	is	concern	about	the	success	and	predictability	of	implants	in	patients	with	diabetes.	Several	studies	have
reported	moderate	failure	rates	in	patients	with	diabetes,	with	implant	success	ranging	from	85.6-94.3%.	A	prospective	study	demonstrated	2.2%	early	failures	and	7.3%	late	failures	in	diabetic	patients.	After	5	years,	the	overall	success	rate	for	this	group	of	diabetic	patients	was	90%.	None	of	these	studies	were	able	to	correlate	gender,	age,	smoking,
diabetes	type,	or	level	of	diabetic	control	with	implant	failure.	In	a	metaanalytical	review	of	implant	failures	in	patients	who	were	not	diabetics,	the	early	implant	failure	rate	was	3.2	%	and	the	late	implant	failure	rate	5.2%.	The	finding	that	patients	with	diabetes	experience	slightly	more	late	failures	may	be	related	to	less	tissue	integrity	caused	by
reduced	tissue	turnover	and	impaired	tissue	perfusion.	These	results	suggest	that	diabetes	may	be	a	risk	factor	for	implants,	particularly	for	late	failures.	However,	the	risk	does	not	appear	to	be	particularly	high.	Bone	Metabolic	Disease	Osteoporosis	is	a	skeletal	condition	characterized	by	decreased	mineral	density	The	two	main	classifications	are
primary	(three	types)	and	secondary	(multiple	types)	osteoporosis.	Primary	osteoporosis	has	been	attributed	to	menopausal	changes	(type	I),	age-related	changes	(type	II),	or	idiopathic	causes	(type	III).	Secondary	osteoporosis	has	been	attributed	to	many	different	diseases	and	conditions,	including	diabetes,	alcoholism,	malnutrition,	and	smoking.	All
the	various	types	of	osteoporosis	share	the	same	fundamental	problem	of	decreased	bone-mineral	density,	and	the	concern	that	this	condition	may	impair	the	patient's	ability	to	achieve	and	maintain	implant	osseointegration.	The	premise	that	implants	will	not	perform	as	well	in	a	patient	with	osteoporosis	is	reasonable,	given	that	osseointegration
depends	on	bone	formation	adjacent	to	the	implant	surface	and	that	success	rates	are	highest	in	dense	bone	and	lowest	in	poorquality,	loose	trabecular	bone.	However,	to	date,	there	is	no	clear	evidence	to	suggest	that	implants	will	not	be	successful	in	patients	with	osteoporosis,	so	the	issue	continues	to	be	debated.	On	the	positive	side,	although	the
evidence	is	weak,	case	reports	have	demonstrated	successful	implant	treatment	in	patients	with	osteoporosis.	Some	investigators	advocate	the	use	of	longer	healing	times	for	osseointegration	to	occur	before	loading	the	implants	in	patients	with	osteoporosis.	681.el	Conversely,	in	a	retrospective	analysis	of	49	patients	who	received	sinus-bone
augmentation,	individuals	(11	patients)	with	lower	bone	mass	density	had	significantly	lower	implant	success	rates	as	compared	to	age-	and	sex-matched	controls.	Other	parameters	evaluated	in	this	study	did	not	demonstrate	any	significant	differences.	Interestingly,	there	is	a	trend	in	aging	adults	(men	over	50	years	and	postmenopausal	women)	for
bone	mass	to	decrease	progressively	through	bone	demineralization	at	a	rate	of	1-2%	per	year	and	in	some	individuals	as	much	as	5-8%	per	year	throughout	their	later	life.	If	one	considers	this	decline	in	bone	mass	with	aging	along	with	a	continually	increasing	life	expectancy	in	the	population,	the	number	of	individuals	with	osteopenia	or
osteoporosis	will	continue	to	increase,	and	the	concern	about	this	condition's	influence	on	implant	success	will	become	increasingly	more	important	for	clinicians.	Medications	Some	prescribed	medications,	including	steroids	and	bisphosphonates,	may	be	cause	for	concern	relative	to	the	potential	implant	patient.	Corticosteroid	therapy,	whether	used
for	hormone	replacement,	cancer	treatment,	immune	suppression,	or	other	chronic	condition	may	suppress	the	immune	response,	impair	wound	healing,	or	compromise	the	normal	adrenal	response	to	stress.	See	the	later	section:	Immune	Compromise	and	Immune	Suppression,	as	well	as	Chapters	12,	for	more	information	on	the	treatment	of	patients
taking	corticosteroids	and	bisphosphonate	medications.	Only	a	brief	statement	regarding	the	risk	of	bisphosphonate	therapy	is	offered	here.	Readers	are	encouraged	to	review	more	detailed	explanations	in	Chapters	12	and	to	consult	online	information,	as	well	as	other	resources,	to	get	updated	information	about	this	important	subject	as	more	is
learned	and	recommendations	are	developed.	Although	there	is	heightened	awareness	and	great	concern	about	risk	of	bisphosphonate-related	osteonecrosis	of	the	jaw	(BRONJ),	the	causal	relationship	and	pathogenesis	of	the	problem	has	not	been	defined.	A	review	of	available	literature	offers	information	that	will	help	to	guide	clinicians	in	their
decision-making,	but	it	is	far	from	definitive.	The	prevalence	and	incidence	remains	uncertain.	In	general,	the	risk	of	BRONJ	is	between	1	in	10,000	and	1	in	100,000	but	may	increase	to	1	in	300	after	an	oral	surgical	procedure.	The	great	majority	of	BRO	NJ	cases	will	likely	remain	in	the	IV	population.	Cofactors,	such	as	smoking,	steroid	use,	anemia,
hypoxemia,	diabetes,	infection,	and	immune	deficiency,	have	not	been	firmly	established	but	may	be	important.	Rarely	does	BRONJ	in	the	oral	bisphosphonate	patient	appear	to	progress	beyond	stage	2	and	many	cases	reverses	with	discontinuation	of	oral	medication.	Procedures	reported	to	have	contributed	to	the	development	of	BRONJ	include
extractions,	periodontal	surgery,	root-canal	treatment,	and	dental	implant	surgery	Dental	implant	therapy,	as	well	as	other	surgical	procedures,	should	be	avoided	in	individuals	who	have	been	treated	with	IV	bisphosphonate	therapy	and	carefully	considered	with	caution	in	patients	treated	with	oral	bisphosphonate	therapy,	particularly	those	with	a
history	of	more	than	3	years	of	use.	Immune	Compromise	and	Immune	Suppression	Individuals	undergoing	chemotherapy	or	taking	medications	that	impair	healing	potential	(eg,	steroids)	are	probably	not	good	candidates	for	implant	therapy	because	of	the	effects	these	agents	have	on	normal	healing.	This	is	especially	681.e2	PART	3	Oral
lmplantology	true	for	cancer	chemotherapy.	A	lowered	resistance	to	infection	may	also	be	problematic	for	these	patients.	Past	history	of	chemotherapy	or	immunosuppressive	therapy	may	not	be	problematic	if	the	patient	has	recovered	from	the	side	effects	of	treatment.	Patients	with	an	immunocompromising	disease,	such	as	HIV	infection	or	AIDS,
are	not	good	candidates	for	implants	when	their	immune	system	is	seriously	impaired.	Patients	with	very	low	or	undetectable	viral	loads	and	normal	immune	function	(T-cell	counts)	may	be	candidates	for	implant	therapy	(see	Chapter	24).	Radiation	Therapy	Patients	with	a	history	of	radiation	treatment	to	the	head	and	neck	region	may	not	heal	well
after	surgery.	Soft	tissue	dehiscence	may	follow	surgical	manipulation,	which	may	lead	to	osteoradionecrosis	(ORN),	a	serious	condition	of	nonhealing	exposure	and	infection	of	bone.	This	is	especially	problematic	for	patients	who	have	received	radiation	dosages	greater	than	60	Gy.	Surgical	procedures,	or	any	procedure	that	may	initiate	a	wound,	are
generally	avoided	in	patients	with	a	history	of	radiation	therapy.	If	deemed	necessary,	surgical	procedures	can	be	done	in	conjunction	with	hyperbaric	oxygen	(HBO)	therapy	to	reduce	the	risk	of	ORN.	Several	studies	have	documented	poor	success	rates	for	implants	in	patients	with	a	history	of	radiation	therapy.	In	a	literature	review,	Sennerby	and
Roos	found	irradiation	to	be	associated	with	high	failure	rates,	as	did	Esposito	et	al	in	their	review.	Beumer	et	al	reported	success	rates	as	low	as	60.4%	in	the	irradiated	maxilla.	Granstrom	et	al	reported	a	significant	improvement	in	survival	rates	for	implants	in	patients	treated	with	HBO.	However,	in	a	systematic	review,	Coulthard	et	al	concluded
that	the	evidence	is	lacking	to	support	the	clinical	effectiveness	of	HBO	in	irradiated	patients	receiving	implants.	The	application	of	implants	in	patients	with	a	history	of	irradiation,	with	or	without	the	use	of	HBO,	is	not	resolved	and	continues	to	be	debated.	Clearly,	irradiation	is	a	risk	factor	for	implant	success	and	may	be	a	contraindication.
Psychologic	and	Mental	Conditions	In	general,	any	type	of	psychologic	abnormality	can	be	considered	a	contraindication	to	dental	implant	treatment	because	of	the	patient's	uncooperativeness,	lack	of	understanding,	or	behavioral	problems.	Physiologically,	there	is	no	reason	to	suspect	that	implants	could	not	become	osseointegrated	in	these
patients.	However,	the	patient's	ability	to	tolerate	the	number	and	type	of	treatment	appointments	required	for	implant	placement,	restoration,	and	maintenance	could	be	problematic.	All	psychologic	conditions	have	the	potential	to	be	absolute	contraindications	to	implant	treatment	depending	on	the	severity	of	the	condition.	The	exception	might	be
individuals	who	demonstrate	good	cooperative	behavior	with	only	mild	psychologic	or	mental	impairment.	The	clinician	should	take	great	care	before	accepting	a	mentally	or	psychologically	impaired	individual	for	treatment	with	implants.	Habits	and	Behavioral	Considerations	Patients	have	a	variety	of	habits	and	behaviors	that	may	increase	the	risk
of	failure	for	dental	implants.	Smoking,	clenching	or	grinding	of	teeth,	and	drug	or	alcohol	abuse	are	among	the	most	well-known	habits	that	should	be	identified	because	of	the	increased	risk	for	implant	failure	or	complications.	Smoking	and	Tobacco	Use	Moderate	to	heavy	smoking	has	been	documented	to	result	in	higher	rates	of	early	implant
failure	and	adversely	affect	the	long-term	prognosis	of	dental	implant	restorations.	This	is	particularly	true	for	implants	placed	in	poor	quality	bone,	such	as	the	posterior	maxilla.	The	mechanisms	of	action	responsible	for	higher	implant	failures	associated	with	smoking	are	not	understood.	Plausible	explanations	include	the	effect	of	smoking	on	white-
blood	cells,	vasoconstriction,	wound	healing,	and	osteoporosis.	Smoking	is	a	known	risk	factor	for	osteoporosis	and	thus	may	adversely	affect	implant	success	through	its	effect	on	bone	metabolism.	Smoking	cessation	may	improve	the	success	rate	of	implants.	In	a	metaanalytical	review,	Bain	et	al	found	that	implants	with	an	altered	surface
microtopography	(Biomet	3i,	Osseotite;	dual	acid-etched	surface)	seemed	to	significantly	lessen	the	adverse	effects	of	smoking	on	implant	success.	Parafunctional	Habits	Parafunctional	habits,	such	as	clenching	or	grinding	of	teeth	(consciously	or	unconsciously),	has	been	associated	with	an	increased	rate	of	implant	failure	(eg,	failure	to	integrate,
loss	of	integration,	and	implant	fracture).	Repeated	lateral	forces	(ie,	parafunctional	habits)	applied	to	implants	can	be	detrimental	to	the	osseointegration	process,	especially	during	the	early	healing	period.	Patients	with	known	parafunctional	habits	should	be	advised	of	an	increased	risk	of	complications	or	failures	as	a	result	of	their	clenching	or
grinding.	Many	consider	bruxism	to	be	a	contraindication	to	implant	treatment,	especially	in	the	case	of	a	short-span,	fixed-partial	denture	or	a	single-tooth	implant.	If	implants	are	planned	for	a	patient	with	parafunctional	habits,	protective	measures	should	be	employed,	such	as	creating	a	narrow	occlusal	table	with	flat	cusp	angles,	protected
occlusion,	and	the	regular	use	of	occlusal	guards	(see	Chapter	57).	Substance	Abuse	Drug	and	alcohol	abuse	should	be	considered	a	contraindication	for	implant	therapy	for	reasons	similar	to	the	psychologic	problems	discussed	earlier.	Patients	with	drug	or	alcohol	addictions	can	be	irresponsible	and	noncompliant	with	treatment	recommendations.
Depending	on	the	severity	and	duration	of	an	individual's	addiction,	some	patients	may	be	malnourished	or	may	even	have	impaired	organ	function	and	therefore	may	not	be	good	surgical	candidates	because	of	poor	healing	capacity.	All	elective	treatments,	including	implant	therapy,	should	be	refused	until	addictions	are	treated	and	controlled.	682
PART	3	Oral	lmplantology	Posttreatment	Evaluation	Periodic	posttreatment	examination	of	implants,	the	retained	prosthesis,	and	the	condition	of	the	surrounding	periimplant	tissue	is	an	important	part	of	successful	treatment.	Aberrations	and	complications	can	often	be	treated	if	discovered	early	but	many	problems	will	go	unnoticed	by	the	patient.
Thus,	periodic	examination	is	essential	in	discovering	problems	early	and	to	intervene	and	prevent	problems	from	getting	worse.	Several	parameters	are	available	to	evaluate	the	condition	of	the	prosthesis,	the	stability	of	the	implant(s),	and	the	health	of	surrounding	periimplant	tissues	after	implant	integration	and	prosthetic	restoration.	Intraoral
radiographs	should	be	taken	at	the	time	of	placement	(baseline),	at	the	time	of	abutment	connection	(confirm	seating	and	serve	as	another	baseline),	at	the	time	of	final	restoration	delivery	(loading),	and	subsequently	to	monitor	marginal	or	periimplant	bone	changes.	Periapical	radiographs	have	excellent	resolution	and	provide	adequate	details	for
evaluating	bone	support	around	implants	if	taken	at	a	perpendicular	direction.	The	long-term	success	of	dental	implants	is	dependent	on	the	health	and	stability	of	supporting	periimplant	tissues.	Good	oral	hygiene	and	regular	professional	care	are	essential	in	maintaining	periimplant	health	and	the	importance	of	good	oral	hygiene	should	be	stressed
as	early	as	possible.	Patients	should	be	taught	to	maintain	good	oral	hygiene.	Their	performance	should	be	monitored	and	reinforced	at	each	visit.	See	Chapter	60	for	a	detailed	description	of	important	clinical	and	radiographic	monitoring	methods,	as	well	as	oral	hygiene	and	implant-maintenance	protocols.	Hence	concluding,	dental	clinicians	can
now	predictably	replace	missing	teeth	with	endosseous	dental	implants.	Most	patients,	whether	missing	a	single	tooth,	several	teeth,	or	all	their	teeth,	can	be	candidates	for	dental	implant	therapy.	However,	many	factors	influence	the	outcome;	the	clinician	must	consider	the	quantity,	quality,	and	location	of	available	bone;	the	patient's	mental	and
physical	health;	as	well	as	risk	factors	and	contraindications.	Patients	should	be	advised	about	risk	factors	and	be	provided	treatment	options,	both	with	and	without	dental	implants.	Periodic	evaluation,	good	oral	hygiene,	and	regular	maintenance	are	important	aspects	of	care	for	the	long-term	success	and	the	prevention	of	complications	with	dental
implants.	Radiographic	Evaluation	of	the	Implant	Patient	Several	radiographic	imaging	options	are	available	for	diagnosis	and	treatment	planning	of	patients	receiving	dental	implants.	Options	range	from	standard	projections	routinely	available	in	the	dental	office	to	more	complex	radiographic	techniques	typically	available	only	in	radiology	centers.
Standard	projections	include	intraoral	(periapical	and	occlusal)	and	extraoral	(panoramic	and	lateral	cephalometric)	radiographs.	More	complex	imaging	techniques	include	cone-beam	computed	tomography	(CBCT)	and	multislice	computed	tomography	(MSCT).	The	CBCT	and	MSCT	image	data	files	can	be	reformatted	and	viewed	on	a	personal
computer	using	simulation	software,	making	the	diagnosis	and	treatmentplanning	process	interactive	and	visually	more	meaningful.	Often,	combinations	of	various	modalities	are	used	because	no	single	modality	can	provide	all	information	pertinent	to	the	radiographic	evaluation	of	the	implant	patient.	Familiarity	with	the	benefits,	limitations	of
various	techniques,	and	awareness	of	the	specific	clinical	questions	that	need	to	be	answered	should	guide	the	decision-making	process	and	selection	of	radiographic	examinations	for	individual	patients.	Multiple	factors	influence	the	selection	of	radiographic	technique(s)	for	a	particular	case,	including	cost,	availability,	radiation	exposure,	and	case
type.	The	decision	is	a	balance	between	these	factors	and	the	desire	to	minimize	risk	of	complications	for	the	patient.	Accurately	identifying	vital	anatomic	structures	and	being	able	to	perform	implant	placement	surgery	without	injury	to	these	structures	are	critical	to	treatment	success.	Diagnostic	imaging	techniques	must	always	be	interpreted	in
conjunction	with	a	good	clinical	examination.	This	chapter	discusses	common	imaging	techniques	used	for	the	evaluation	of	the	implant	patient.	Indications	for	each	technique	are	outlined,	along	with	the	advantages	and	limitations	of	each	technique.	Standard	Projections	Standard	diagnostic	imaging	modalities	include	periapical,	panoramic,	lateral
cephalometric,	and	occlusal	radiographs.	Table	57.2	summarizes	the	advantages	and	disadvantages	of	each	modality.	Individual	modalities	are	discussed	online.	TABLE	57.2	ADVANTAGES	AND	DISADVANTAGES	OF	THE	VARIOUS	RADIOGRAPHIC	PROJECTIONS	Modality	Advantages	Disadvantages	Periapical	and	occlusal	radiography	Panoramic
radiography	High	resolution	and	detail,	easy	acquisition,	low	exposure,	and	inexpensive	Easy	to	acquire,	images	whole	ridge,	low	exposure,	and	inexpensive	Lateral	cephalometric	radiography	MSCT	Easy	to	acquire,	predictable	magnification,	low	exposure,	and	inexpensive	30	representation,	predictable	magnification,	sufficient	detail,	digital	format,
and	images	whole	arch	30	representation,	predictable	magnification,	sufficient	detail,	digital	format,	images	whole	arch,	and	low	dose	Unpredictable	magnification,	small	imaged	area,	and	20	representation	of	anatomy	Unpredictable	magnification,	unequal	magnification	in	vertical	and	horizontal	dimensions,	and	20	representation	of	anatomy,	not
detailed	Limited	use	in	area	of	midline	and	20	representation	of	anatomy	Requires	special	equipment,	is	expensive,	and	has	a	high-exposure	dose	Requires	special	equipment	and	is	expensive	CBCT	57	Diagnosis	and	Treatment	Planning	in	lmplantology	682.el	Periapical	Radiographs	Periapical	radiographs	offer	great	advantages	for	the	evaluation	of
the	implant	patient.	They	provide	an	overall	assessment	of	the	quantity	and	quality	of	the	edentulous	alveolar	ridge	and	the	adjacent	teeth.	They	are	easy	to	obtain	in	the	dental	office,	are	inexpensive,	and	deliver	low	radiation	to	the	patient	(Table	57	3)	Dentists	are	familiar	with	the	depicted	anatomy	and	possible	pathology	Since	these	direct-exposure
proJections	do	not	use	intensifying	screens,	intraoral	radiographs	offer	the	highest	detail	and	spatial	resolution	of	all	radiographic	modalities	(Fig.	57.14	).	Thus,	intraoral	radiographs	are	the	projection	of	choice	when	subtle	pathology,	such	as	a	retained	root	tip,	needs	to	be	detected	and	evaluated.	The	most	significant	disadvantage	of	periapical
radiographs	is	their	susceptibility	to	unpredictably	magnify	anatomic	structures,	which	does	not	allow	reliable	measurements.	Foreshortening	or	elongation	can	be	minimized	by	the	use	of	paralleling	technique.	However,	distortion	is	particularly	accentuated	in	edentulous	areas	where	missing	teeth	and	resorption	of	the	alveolus	necessitate	receptor
placement	at	significant	angulation	in	relation	to	the	long	axis	of	the	teeth	and	the	alveolar	bone.	Additionally,	periapical	radiographs	are	two-dimensional	(2D)	representations	of	3D	objects	and	do	not	provide	any	TABLE	57.3	RADIATION	DOSE	(EFFECTIVE	DOSE	IN	µSV)	RECEIVED	FROM	COMMON	PROJECTIONS	DURING	EVALUATION	OF	THE
IMPLANT	PATIENT	DATN	Modality	Effective	Dose	(µSv)	Full-mouth	X-ray	(FMX)	series	Panoramic	Conventional	tomography	CT	of	the	head	35-388	9-26	26-187	2000	Large	FOV	CBCT	New	Tom	3G	i-CAT:	next	generation	portrait	mode	Kodak	9500,	20	cm	X	18	cm	Galileos	Comfort,	15	cm	X	15	cm	Scanora	3D,	14.5	cm	X	13.5	cm	CB	Mercuray,	20	cm
diameter	30-68	74-83	93-260	70-128	68	569-1073	Medium	FOV	CBCT	Accuitomo	170,	10	cm	X	5	cm	iCat	next	generation,	16	cm	X	6	cm	iCat,	classic,	16	cm	X	8	cm	New	Tom	3G,	10	cm	diameter	Kodak	9500,	15	cm	X	8	cm	Prexion,	8	cm	X	8	cm,	low	dose	Prexion,	8	cm	X	8	cm,	high	dose	Promax	3D,	low	dose	Promax	3D,	high	dose	54	45	34-77	57	76-
166	189	389	28	122-652	Small	FOV	CBCT	Accuitomo	3DX,	4	cm	X	4	cm	Kodak	9000,	5	cm	X	3.7	cm	PaX-Uni3D	13-44	19-40	44	'Reviewed	by	Ludlow	JB,	Davies-Ludlow	LE,	White	SC:	Patient	risk	related	to	common	dental	radiographic	examinations:	the	impact	of	2007	International	Commission	on	Radiological	Protection	recommendations	regarding
dose	calculation,	J	Am	Dent	Assoc	139:1237,	2008;	Ludlow	JB,	Ivanonic	M:	Comparative	dosimetry	of	dental	CBCT	devices	and	64-slice	CT	for	oral	and	maxillofacial	radiology,	Orn/	Sw·g	Orn/	Med	Orn/	Pathol	Oral	Radial	Endod	106	106,	2008;	and	White	SC,	Mallya	SM:	Update	on	the	biological	effects	of	ionizing	radiation,	relative	dose	factors,	and
radiation	hygiene,	Aust	Dent]	57(Suppl	1):2,	2012.	FIGURE	57.14	The	periapical	radiograph	offers	a	high-resolution,	detailed	image	of	the	edentulous	area.	Healing	of	the	extraction	socket	with	dense	bone	(socket	sclerosis)	can	be	seen	(small	white	arrows).	Some	anatomic	structures,	such	as	the	maxillary	sinus	(large	white	arrow)	and	the	zygomatic
process	of	the	maxilla	(black	arrow),	can	also	be	visualized.	information	of	the	buccal-lingual	dimension	of	the	alveolar	ridge.	Structures	that	are	distinctly	separated	in	the	buccal-lingual	dimension	appear	to	be	overlapping.	Also,	the	periapical	image	is	limited	by	the	size	of	film	or	sensor	being	used.	Often,	it	is	not	possible	to	image	the	entire	height
of	the	remaining	alveolar	ridge,	and	when	extensive	mesial-distal	areas	need	to	be	evaluated,	multiple	periapical	radiographs	are	required.	In	summary,	periapical	radiographs	are	useful	screening	images	that	offer	a	detailed	view	of	a	small	area	of	the	alveolar	arch.	Limitations	that	must	be	considered	include	the	possibility	of	distortion	and	the	2D
representation	of	anatomic	structures.	Occlusal	Radiographs	Occlusal	radiographs	are	intraoral	projections	that	offer	easy,	economic,	low-dose,	and	high-resolution	images	covering	a	larger	area	than	periapical	projections.	Depending	on	receptor	placement	and	the	angulation	of	the	X-ray	tube,	occlusal	radiographs	can	provide	an	image	of	the
mandibular	width	or	can	depict	an	extended	area	of	the	edentulous	ridge.	Occlusal	radiographs	have	the	same	limitations	of	distortion	and	overlapping	anatomy	as	periapical	radiographs.	In	summary,	occlusal	radiographic	projections	are	good	screening	images	as	compared	to	periapical	radiographic	projections	as	they	provide	an	overview	of	the
mandibular	width	and	can	visualize	larger	areas	of	alveolar	ridge.	Panoramic	Radiographs	Panoramic	radiographs	are	often	used	in	the	evaluation	of	the	implant	patient	because	they	offer	several	advantages	over	other	modalities.	Panoramic	radiographs	deliver	low	radiation	(Table	57.3)	to	provide	a	broad	picture	of	both	arches	and	thus	allow
assessment	of	extensive	edentulous	areas,	angulation	of	existing	teeth	and	occlusal	plane,	and	important	anatomy	in	implant	treatment	planning,	such	as	the	maxillary	sinus,	nasal	cavity,	mental	foramen,	and	mandibular	canal	(Fig.	57.15).	Panoramic	units	are	widely	available	and	easy	to	operate	and	dentists	are	familiar	with	the	anatomy	and
pathology	depicted	by	the	images.	Similar	to	intraoral	projections,	panoramic	images	are	2D	and	thus	do	not	offer	diagnostic	information	for	the	buccal-lingual	width	of	the	alveolar	arch.	682.e2	PART	3	Oral	lmplantology	implant	patient	is	limited	to	structures	at	the	midline,	with	minimal	usefulness	for	other	areas	of	the	jaws.	In	summary,	lateral
cephalometric	radiographs	have	a	limited	use	in	implant	treatment	planning.	Cross-Sectional	Imaging	FIGURE	57.15	Panoramic	radiograph.	Both	jaws	are	visualized	on	the	same	image.	An	overall	assessment	of	superoinferior	and	mesial-distal	dimensions	of	the	alveolar	ridge	can	be	formulated.	Tooth	and	root	positions	relative	to	planned	implant
sites	can	be	evaluated.	Important	anatomic	structures,	such	as	the	maxillary	sinus	and	mandibular	canal,	can	be	identified.	Panoramic	images	appear	intuitively	familiar.	However,	they	combine	characteristic	physical	and	radiographic	principles	that	make	them	distinct	from	other	intraoral	and	extraoral	radiographs.	Although	outside	the	scope	of	this
chapter,	familiarity	with	the	principles	underlying	panoramic	radiography	is	central	in	understanding,	and	thus	compensating	for,	the	limitations	and	constraints	of	the	images.	The	reader	is	referred	to	other	textbooks	for	detailed	discussion	of	this	topic.	Briefly,	the	existence	of	ghost	shadows,	unpredictable	horizontal	and	vertical	magnification,
distortion	of	structures	outside	the	focal	trough,	projection	geometry	generated	by	the	negative	vertical	angulation	of	the	X-ray	beam,	and	propensity	to	patient-positioning	errors	do	not	allow	consistent	detailed	and	accurate	measurements	to	be	generated.	As	a	result,	panoramic	radiographs	do	not	provide	the	highly	detailed	images	that	are
generated	by	intraoral	radiographs.	Measurement	distortion	is	more	prevalent	and	varies	across	the	radiographic	image.	On	average,	panoramic	radiographs	are	25%	magnifications	of	actual	size.	Implant	manufacturers	often	provide	transparency	sheets	with	implant	size	outlines	of	25%	magnification.	However,	it	is	important	to	appreciate	that	the
25%	magnification	is	an	estimate.	The	actual	magnification	may	range	from	10-30%	in	different	areas	within	the	same	image	and	depends	greatly	on	patient	positioning	during	panoramic	radiography	For	this	reason,	precise	measurements	on	panoramic	projections	are	not	possible.	Nonetheless,	panoramic	radiographs	offer	an	overall	view	of	the
maxilla	and	mandible	that	can	be	used	to	estimate	bone	measurements	and	evaluate	the	approximate	relationships	between	teeth	and	other	anatomic	structures.	More	precise	diagnostic	imaging	should	be	used	to	measure	the	proximity	of	critical	anatomic	structures,	such	as	the	maxillary	sinus,	the	mandibular	canal,	or	proposed	implant	positions.	In
summary,	panoramic	projections	are	useful	screening	images	of	the	jaws	for	approximations	and	relative	spatial	relationships.	However,	because	of	magnification	and	distortion	errors,	panoramic	radiographs	should	not	be	used	for	detailed	measurements	of	proposed	implant	sites.	Lateral	Cephalometric	Radiographs	Lateral	cephalometric
radiographs	are	occasionally	used	to	evaluate	potential	implant	patients.	These	projections	provide	useful	information	for	the	cortical	thickness,	height,	and	width	of	the	alveolar	ridge	at	the	midline,	as	well	as	the	skeletal	relationship	between	maxilla	and	mandible	and	facial	profile.	Lateral	cephalometric	radiographs	are	low	in	cost,	readily	available,
easy	to	interpret,	and	have	a	predictable	magnification	of	the	depicted	structures.	However,	their	use	for	the	Cross-sectional	diagnostic	imaging	modalities	include	MSCT	and	CBCT.	Conventional	tomography	also	provides	crosssectional	images	with	predictable	magnification	and	has	been	used	in	the	assessment	of	the	implant	patient.	However,	with
the	introduction	and	expansion	of	CBCT	imaging,	conventional	tomography	is	becoming	progressively	infrequent	and	is	not	described	in	this	chapter.	Multislice	Computed	Tomography	CT	scanning	is	widely	used	in	the	evaluation	of	the	implant	patient.	The	detailed	physics	behind	image	acquisition	during	CT	scanning	are	beyond	the	scope	of	this
chapter.	In	general,	a	fan-beam	of	X-rays	and	an	array	of	detectors	rotate	around	the	patient	to	generate	axial	slices	of	the	area	of	interest	(Fig.	57.16A).	Multiple	overlapping	axial	slices	are	obtained	by	several	revolutions	of	the	X-ray	beam	until	the	whole	area	of	interest	is	covered.	These	slices	are	then	used	to	generate	a	digital	volume	of	the
imaged	object	with	the	help	of	a	computer	and	sophisticated	algorithms.	CT's	advantage	during	evaluation	of	the	implant	patient	is	the	construction	of	this	3D	digital	map	of	the	jaws.	Specialized	software	can	be	used	to	generate	appropriate	views	that	best	depict	the	dimensions	of	the	jaws	and	the	location	of	important	anatomic	structures.	Typical
dental	views	reconstructed	from	a	CT	scan	include	axial	(Fig.	57.16B),	panoramic	(Fig.	5716C),	and	crosssectional	(Fig.	57.16D)	views	of	the	jaws.	Appropriate	axial	slices	through	the	alveolar	ridge	of	interest	are	selected	as	scout	views.	The	curvature	of	the	maxillary	or	mandibular	ridge	is	then	drawn	on	the	axial	slices	and	panoramic	images	along
the	drawn	line	are	created.	Finally,	cross-sectional	slices,	every	1-2	mm	and	perpendicular	to	the	drawn	curvature,	are	created.	In	addition	to	these	flat,	2D	views,	complex,	3D	images	with	surface	rendering	can	also	be	generated	from	the	CT	data	(Fig.	57	16E)	These	images	can	provide	useful	information	about	the	alveolar	ridge	defects	that	are	easy
to	comprehend.	Images	can	be	printed	on	photographic	paper	or	transparent	film	or	can	be	displayed	on	the	computer	screen.	CT	scans	offer	several	advantages	for	evaluation	of	the	implant	patient.	True	cross-sections	offer	a	precise	and	detailed	evaluation	of	the	height	and	width	of	the	alveolar	ridge.	The	images	can	be	adjusted	and	printed	without
magnification,	facilitating	measurements	directly	on	the	prints	or	films	with	standard	rulers	(ie,	not	magnified).	Vertical	and	horizontal	rulers	adjacent	to	each	section	allow	the	clinician	to	check	for	magnification	and	make	direct	measurements.	The	digital	format	allows	for	image	enhancement	tools,	rapid	communication	between	the	radiologist	and
the	surgeon,	and	generation	of	multiple	copies	of	the	images.	Various	anatomic	structures	can	be	visualized	and	analyzed	at	all	three	coordinate	axes,	so	that	their	superoinferior,	anteroposterior,	and	buccolingual	location	can	be	identified	with	precision.	The	process	of	CT-scanning	images	the	entire	arch	(usually	one	arch/scan),	so	several	edentulous
areas	can	be	visualized	with	a	single	examination.	The	bone-	and	soft-tissue	contrast	and	resolution	are	excellent	for	the	diagnostic	task.	CT	scanning	requires	specialized	equipment	and	setting.	Radiologists	and	technicians	need	to	be	knowledgeable	of	the	anatomy,	anatomic	variants,	and	pathology	of	the	jaws,	as	well	57	Diagnosis	and	Treatment
Planning	in	lmplantology	682.e3	FIGURE	57.16	Computed	tomography	(CT)	examination	for	evaluation	of	edentulous	maxilla	before	implant	placement.	A,	Scout	view	of	the	patient's	head;	axial	sections	through	the	area	of	interest	are	indicated.	B,	Axial	slice	through	the	markers	is	used	to	display	the	orientation	of	the	panoramic	and	cross-sectional
images	through	the	alveolar	ridge.	C,	Panoramic	views	through	the	alveolar	ridge	demonstrate	the	relation	of	the	markers	to	adjacent	teeth.	D,	Cross-sectional	slices	through	the	area	of	the	markers	reveal	the	height	and	buccolingual	dimension	of	the	alveolar	ridge,	as	well	as	the	relation	of	the	markers	to	the	ridge.	E,	3D	reconstructions	provide	an



overall	impression	of	the	bone	contours	and	shape	of	the	alveolar	ridge.	as,	considerations	pertinent	to	implant	treatment	planning,	so	that	optimal	views	will	be	provided.	A	CT	scan	delivers	a	much	higher	radiation	dose	to	the	patient	than	other	modalities	used	during	implant	treatment	planning	(Table	57.3).	Since	a	CT	scan	images	the	whole	arch,
radiation	is	delivered	to	the	entire	imaged	area,	regardless	of	how	many	or	few	sites	are	actually	needed.	Metallic	restorations	can	cause	ring	artifacts	that	impair	the	diagnostic	quality	of	the	images.	This	is	particularly	challenging	in	patients	with	heavily	restored	dentition.	In	general,	the	cost	of	CT	is	significantly	higher	than	that	of	conventional
tomography	or	the	other	standard	intraoral	and	extraoral	projections.	In	summary,	CT	scanning	offers	many	advantages	during	implant	treatment	planning,	including	accurate	cross-sectional	imaging	and	3D	visualization	of	anatomic	structures.	High	doses	to	the	patient	and	ring	artifacts	caused	by	metallic	restorations	are	concerns	that	should	be
considered.	An	important	feature	of	the	various	CBCT	units	is	the	field	of	view	(FOV)	describing	the	extent	of	the	imaged	volume.	CBCT	units	can	be	distinguished	in	large-FOV	(>	15	cm),	medium	FOV	(5-15	cm),	and	limited-FOY	systems	(	90%	fill	of	dehiscence).	This	study	reported	a	membrane	exposure	rate	of	29%,	but	noted	little	adverse	effect	on
the	bone	regeneration.	With	respect	to	ridge	preservation,	Becker	et	al	reported	the	effect	of	barrier	membranes	and	autogenous	bone	grafts	on	the	preservation	of	ridge	width	around	implants.	They	evaluated	the	ridge	width	around	76	implants	in	61	patients	from	a	case	series	database.	Three	groups	were	compared,	including	34	implants	treated
with	GBR	(barrier	membranes),	27	implants	treated	with	autogenous	bone	grafts,	and	15	implants	placed	without	the	need	for	ridge	preservation/augmentation	procedures	(control	group).	The	results	revealed	that	implant	sites	treated	with	barrier	membranes	and	autogenous	bone	grafts	lost	an	average	of	0.1	and	0.8	mm,	respectively,	more	than	the
no	augmentation	group.	Another	study	evaluated	the	possibility	of	regenerating	bone	around	implants	placed	in	extraction	sockets.	Bone	augmentation	was	achieved	with	human	DFDBA	particles	mixed	with	tetracycline	packed	around	the	exposed	implant	surfaces.	Implants	and	graft	material	were	covered	with	ePTFE	barrier	membranes	with
complete	flap	closure	for	4-6	months.	The	results	demonstrated	complete	bone	regeneration	in	all	cases	except	when	barrier	membranes	were	prematurely	exposed	and	removed.	One-year	posttreatment	histologic	evaluation	of	regenerated	bone	revealed	remnants	of	the	DFDBA	graft	particles	in	direct	contact	with	vital	bone	tissue	(woven	and
lamellar	bone).	Osteoblasts	were	observed	and	appeared	to	be	actively	engaged	in	bone	formation	adjacent	to	graft	particles.	Figure	58.16,	Land	M,	demonstrates	a	simultaneous	GBR	and	implant	placement	in	a	dehiscence	defect.	Complications	Bone	augmentation	procedures	used	to	increase	the	bone	volume	in	deficient	alveolar	ridges	have	been
successful	and	have	enabled	the	placement	of	implants	into	prosthetically	driven	positions.	Unfortunately,	these	augmentation	procedures	carry	an	increased	risk	of	morbidity	and	can	require	secondary	surgeries	to	correct	problems	resulting	from	the	procedure.	The	subsequent	corrective	surgeries	required	to	correct	problems	add	surgical	time	and
complexity	to	the	implant	therapy.	Surgical	complications	are	reported	for	a	variety	of	bone	reconstructive	techniques.	A	review	assessed	the	number	and	types	of	complications	associated	with	bone	reconstructive	procedures	for	endosseous	implants.	The	review	of	literature	(1976-94)	included	2315	implants	in	733	autogenous	blocks,	particulate,
and	various	other	bone	graft	materials.	Complications	reported	included	bleeding,	postoperative	infection,	bone	fracture,	nerve	dysfunction,	perforation	of	the	mucosa,	loss	of	a	portion	of	the	bone	graft,	pain,	decubital	ulcers,	sinusitis,	and	wound	dehiscence.	Wound	dehiscence	seemed	710	PART	3	Oral	lmplantology	FIGURE	58.16	Use	of	staged	(A-H)
and	delayed	(1-0)	implant	placement	after	extraction	of	two	maxillary	lateral	incisors	in	one	individual.	A,	Preoperative	photograph	of	tooth	#7	with	gingival	recession	and	marginal	inflammation.	B,	Atraumatic	extraction	or	tooth	#7	without	tissue	incision	or	tissue	elevation.	Palpation	reveals	no	facial	bone	present	at	the	time	of	extraction.	C,
Decalcified	freeze-dried	bone	allograft	condensed	into	extraction	site.	D,	Expanded	polytetrafluoroethylene	(ePTFE)	barrier	membrane	positioned	over	graft	and	held	in	place	with	sutures.	E,	Six	months	after	the	extraction/graft,	the	implant	is	placed.	Notice	the	implant	is	completely	covered	with	bone.	F,	Final	restoration.	G,	Preoperative	photograph
of	tooth	#10	with	exposed	gingival	margin.	H,	Atraumatic	extraction	of	tooth	#10	without	tissue	incision	or	tissue	elevation.	Palpation	reveals	no	facial	bone	present,	and	deh	iscence	is	expected.	to	have	the	most	deleterious	effect	on	implant	survival.	This	finding	emphasizes	the	importance	of	flap	management.	Typical	findings	include	less	bone	fill
with	early	exposure	and	membrane	removal	versus	retaining	the	membrane	without	exposure	for	6-8	months.	Buccolingual	ridge	deficiencies	were	treated	in	a	prospective	study	involving	19	patients	using	ePTFE	membranes	and	miniscrews	as	fixation	and	tenting	devices.	The	group	of	defects,	which	healed	uneventfully,	yielded	on	reentry	90-100%
bone	regeneration	compared	with	the	maximal	volume	of	the	space	defined	by	the	membrane	placement.	In	the	exposed-membrane	group,	the	percentage	of	regenerated	bone	ranged	from	0-62%.	When	a	late	membrane	removal	was	performed	(3-5	months	postsurgically),	the	regeneration	varied	between	42%	and	62%.	The	authors	concluded	that
the	length	of	membrane	healing	and	size	of	the	defect	played	a	significant	role	in	the	amount	of	new	bone	formation.	Other	authors	have	reported	successful	bone	fill	in	situations	in	which	the	membranes	had	to	be	removed	because	of	an	early	exposure.	A	significantly	greater	fill	of	the	osseous	defects	at	the	grafted	sites	was	noted.	The	authors
concluded	that	the	regeneration	of	bone	around	the	implants	appeared	most	dependent	on	the	anatomy	of	the	bony	defect	at	the	time	of	implant	placement.	Although	the	effect	or	amount	of	regenerated	bone	with	regard	to	membrane	exposure	is	somewhat	contradictory,	58	Surgical	Concepts	of	Implant	Therapy	711	FIGURE	58.16	(cont.)	I,	Two
months	after	extraction,	the	implant	is	placed	with	dehiscence	defect.	J,	Guided	bone	regeneration	accomplished	with	ePTFE	barrier	membrane	positioned	over	the	dehiscence.	K,	Final	restoration.	L,	Periapical	radiograph	of	tooth	117	with	a	large	radiolucent	lesion	around	the	apex	and	periodontal	bone	loss	along	the	distal	interproximal	area.	M,
Final	radiograph	of	delayed	implant	placement.	N,	Periapical	radiograph	of	tooth	1110.0,	Final	radiograph.	(Figs.	A,	B,	C,	F,	C,	/,	M,	N,	and	O	from	Klokkevold	PR,	Han	TJ,	Camargo	PM.:	Aesthetic	management	of	extractions	for	implant	site	development:	delayed	versus	staged	implant	placement.	Pract	Periodontics	Aesthet	Dent	11	:603,	1999.)	the
goal	should	be	to	keep	the	membranes	covered	during	the	healing	period	so	that	the	risk	of	infection	and	soft	tissue	and	esthetic	problems	can	be	minimized	or	eliminated.	Again,	the	importance	of	flap	management	for	ridge	augmentation	procedures	should	be	stressed.	See	Chapter	59	for	more	information	and	details	regarding	surgical
complications	and	failures.	Conclusions	Localized	bone	augmentation	procedures	allow	clinicians	to	reconstruct	horizontal	alveolar	ridge	deficiencies	and	replace	missing	teeth	with	dental	implants	in	a	prosthetically	driven	position	with	natural	appearance	and	function.	In	many	cases,	implants	can	be	placed	simultaneously	with	the	58	Surgical
Concepts	of	Implant	Therapy	Alveolar	Ridge	Preservation/	Management	of	Extractions	Since	tooth	extraction	(or	tooth	loss)	often	results	in	alveolar	ridge	resorption	or	collapse,	preservation	of	bone	volume	at	the	time	of	extraction	is	a	desirable	goal.	Most	bone	loss	after	extraction	occurs	in	the	first	6-24	months.	Therefore,	when	clinicians	are
afforded	the	opportunity	to	intervene	at	the	time	of	extraction,	preservation	of	alveolar	bone	should	be	initiated.	A	conservative	approach	to	the	management	of	extraction	sites	can	eliminate	or	significantly	reduce	the	necessity	of	advanced	bone	augmentation	procedures.	When	extracting	a	tooth	and	preparing	for	implant	placement,	alveolar	bone
resorption	should	be	prevented.	Experimental	animal	studies	show	that	the	use	of	a	barrier	membrane	enhances	the	predictability	of	bone	fill	in	the	extraction	site	and	therefore	maintains	original	bone	volume	when	compared	with	mucoperiosteal	flap	coverage	alone.	Clinical	studies	also	demonstrate	the	benefits	of	a	regenerative	approach	to	tooth
extraction.	These	authors	found	that	a	nonresorbable	barrier	membrane	results	in	minimal	resorption	of	alveolar	ridge	size	and	shape.	Although	earlier	studies	have	proposed	the	concept	of	treating	extraction	sites	without	flap	closure	(ie,	an	exposed	membrane	used	to	cover	the	graft),	more	recent	studies	conclude	that	complete	wound	closure	over
the	physical	barrier	might	be	associated	with	greater	bone	fill.	The	decision	about	whether	to	advance	a	flap	to	achieve	wound	closure	must	be	weighed	against	the	soft-tissue	changes	that	will	be	created	and	may	need	to	be	corrected	(ie,	mucogingival	junction	discrepancies	and	esthetic	problems).	The	timing	of	implant	placement	relative	to	the	time
of	extraction	has	been	widely	debated.	Depending	on	the	quantity,	quality,	and	support	of	existing	bone,	as	well	as	the	preferences	of	the	clinician	and	patient,	the	placement	of	implants	after	tooth	extraction	can	be	immediate,	delayed,	or	staged.	By	definition,	immediate	implant	placement	occurs	at	the	time	of	extraction.	Delayed	implant	placement
is	performed	approximately	2	months	after	extraction	to	allow	for	soft	tissue	healing.	Staged	implant	placement	allows	for	substantial	bone	healing	within	the	extraction	site,	which	typically	requires	4-6	months	or	longer.	Tooth	extraction	is	managed	with	an	atraumatic	surgical	technique	that	uses	a	narrow,	flat	instrument	(eg,	Periotome,	Hu-Friedy,
Chicago)	directed	apically	into	the	sulcus	to	sever	the	periodontal	ligament	and	slightly	expand	the	adjacent	periodontal	tissues.	The	tooth	is	elevated	and	removed	with	forceps	using	a	gentle,	rotational	movement.	Chapter	80	describes	new	techniques	for	atraumatic	extraction.	Buccolingual	forces	are	avoided	to	prevent	damaging	the	integrity	of	the
labial	bone.	No	incisions	are	made,	and	care	is	taken	to	avoid	soft-tissue	reflection.	In	this	manner,	soft	tissues	maintain	their	structural	anatomy,	and	the	periosteum	(blood	supply	to	the	bone)	remains	intact.	If	the	tooth	has	multiple	roots,	curved	roots,	or	other	anatomic	features	that	make	removal	difficult,	it	may	be	necessary	to	cut	the	tooth	using
a	highspeed	rotary	drill	or	other	cutting	device	and	remove	it	in	smaller	pieces.	It	is	important	to	cut	only	tooth	structure	and	avoid	cutting	(overheating)	bone	when	using	high-speed	rotary	drills.	The	bone	within	the	extraction	site	is	completely	debrided	of	soft	tissue	with	surgical	curettes.	After	debridement,	the	extraction	site	is	thoroughly	irrigated
with	sterile	711.el	saline.	Finally,	the	clinician	can	evaluate	the	bone	level	and	socket	anatomy	to	determine	whether	to	bone-graft	the	site	and	when	to	place	the	implant	(immediate,	delayed,	or	staged	placement).	Delayed	Implant	Placement	Delayed	implant	placement	shares	some	advantages	of	immediate	implant	placement,	including	extraction
site	preservation,	and	offers	additional	advantages.	Unlike	immediate	implant	placement,	which	is	deficient	of	soft	tissue	for	coverage,	the	delayed-implant	placement	technique	allows	time	for	soft-tissue	healing	to	close	the	wound.	The	delayedplacement	technique	still	reduces	the	length	of	treatment	by	several	months	because	it	is	not	necessary	to
wait	for	complete	bone	healing.	Furthermore,	because	bone	formation	is	active	within	the	first	few	months	after	tooth	extraction,	the	delayed	technique	may	facilitate	more	osteogenesis	adjacent	to	the	implant.	The	primary	advantage	of	delayed	implant	placement	is	that	by	allowing	for	soft-tissue	healing	and	closure	of	the	extraction	site,
mucogingival	flap	advancement	is	not	necessary.	This	alleviates	the	need	for	additional	surgeries	to	correct	mucogingival	discrepancies.	Delayed	implant	placement	also	allows	time	for	resolution	of	infections	that	may	have	been	present	within	the	extraction	site.	As	with	immediate	implant	placement,	similar	limitations	of	bone	support	and	implant
stability	exist	for	delayed	placement.	The	normal	osseous	healing	that	occurs	within	the	first	2	months	does	not	significantly	affect	the	anatomy	of	the	alveolar	bone.	Therefore,	limitations	in	bone	support	after	2	months	of	healing	are	similar	to	those	that	exist	at	the	time	of	extraction.	Staged	Implant	Placement	Staged	implant	placement	allows
adequate	time	for	osseous	healing.	This	may	be	complete	osseous	healing	of	an	extraction	site	without	a	bone	graft	(if	circumferential	bone	support	is	good)	or	with	a	bone	graft.	Staged	implant	placement,	by	definition,	allows	for	complete	hard	and	soft-tissue	healing	and	permits	the	placement	of	implants	into	healed	bone	sites	with	adequate
coverage	by	hard	and	soft	tissues.	This	eliminates	the	necessity	of	mucogingival	flap	advancement,	allows	for	the	resolution	of	preexisting	infections,	and	prevents	softtissue	invasion.	Furthermore,	by	using	an	extended	healing	period,	the	grafted	bone	also	has	the	opportunity	to	become	vascularized.	Bone	grafts	performed	simultaneously	with
implant	placement	do	not	share	this	advantage.	The	primary	disadvantage	of	staged	implant	placement	is	the	length	of	time	required	for	bone	healing.	Delayed	Versus	Staged	Technique	Delayed	and	staged	techniques	for	implant	placement	are	demonstrated	here	in	one	individual	using	two	extraction	sites	with	similar	bone	morphologies	in	the
anterior	maxilla	(Fig.	58.16).	Both	techniques	facilitate	the	esthetic	placement	of	implants	into	prosthetically	driven	positions.	Delayed	and	staged	approaches	maintain	alveolar	bone	volume,	reduce	the	need	for	advanced	bone	augmentation,	and	eliminate	the	need	for	subsequent	mucogingival	surgery.	The	timing	and	711.e2	PART	3	Oral
lmplantology	management	of	delayed	versus	staged	implant	placement	is	described	in	the	next	section.	To	decide	which	implant	placement	method	to	use,	the	quantity	and	location	of	bone	surrounding	the	tooth	should	be	assessed.	Once	the	patient	has	been	anesthetized,	a	periodontal	probe	can	be	used	to	"sound"	for	the	level	of	bone	support
through	the	soft	tissue.	Using	this	method,	the	bone	levels	surrounding	the	tooth	can	be	mapped.	Bone	support	that	surrounds	the	extraction	site	can	also	be	evaluated	and	confirmed	after	tooth	removal	by	palpation,	probing,	and	direct	(internal)	visualization.	If	the	tooth	to	be	extracted	has	sufficient	bone	support	on	all	surfaces,	the	extraction	site
can	be	expected	to	fill	with	bone	without	additional	augmentation	procedures,	except	when	the	labial	bone	is	very	thin.	A	simple	extraction	followed	by	a	healing	period	of	4-6	months	could	be	sufficient	for	complete	osseous	healing.	Subsequently,	an	implant	could	be	placed	in	the	usual	manner	without	the	need	for	bone	augmentation.	Conversely,	if
little	or	no	bone	exists	on	the	labial	surface,	it	should	be	anticipated	that	the	site	would	require	bone	augmentation	to	facilitate	placement	of	the	implant.	In	this	case,	bone	grafting	at	the	time	of	extraction	can	be	used	to	maintain	the	alveolar	ridge	dimensions	occupied	by	the	tooth.	Immediate	Implant	Placement	The	primary	advantage	of	immediate
implant	placement	is	the	reduction	of	the	healing	time,	which	translates	to	an	earlier	restorative	time	(ie,	shorter	time	to	completion	for	the	patient).	Since	the	implant	is	placed	at	the	time	of	extraction,	the	bone-to-implant	healing	begins	immediately	with	extraction	site	healing.	Another	advantage	is	that	the	normal	bone	healing,	which	generally
occurs	within	the	extraction	site,	takes	effect	around	the	implant.	This	bone-forming	activity	may	enhance	the	bone-to-implant	contact	compared	with	an	implant	placed	in	a	less	osteogenically	active	site.	Possible	disadvantages	of	immediate	implant	placement	include	the	need	for	subsequent	mucogingival	surgeries	to	correct	tissues	moved	by
repositioned	flaps	and	the	need	for	bone	grafting	to	fill	extraction	site	defects	around	the	implant.	If	inadequate	bone	exists	to	stabilize	the	implant,	immediate	implant	placement	is	not	recommended.	When	a	two-stage	implant	is	placed	at	the	time	of	tooth	extraction,	the	mucogingival	flap	is	advanced,	with	releasing	incisions,	to	cover	the	implant
completely	(exception:	onestage	implants).	It	may	also	be	necessary	to	graft	bone	into	the	extraction	site	in	areas	that	do	not	contact	the	implant	to	avoid	soft-tissue	invasion	around	the	implant.	A	1-year	study	of	49	immediate	extraction	site	implants	treated	by	a	membrane	alone	demonstrated	a	93.6%	bone	fill.	After	1	year	(postloading),	the	implant
success	rate	was	93.9%.	Although	some	have	advocated	submerging	implants	placed	in	extraction	sockets	with	flap	advancement,	others	have	demonstrated	success	with	a	nonsubmerged	approach.	Implants	may	be	placed	in	extraction	sockets	along	with	bone	augmentation	without	flap	advancement	using	a	one-stage	implant	placement	approach.
Clinical	studies	evaluating	the	outcome	of	bone	augmentation	around	implants	placed	in	extraction	sockets	reveal	good	bone	fill.	The	placement	of	21	transmucosal	implants	in	immediate	extraction	sites	treated	with	a	barrier	membrane	were	tested	for	the	implant	success	rate	and	the	percentage	of	bone	fill.	Of	21	transmucosal	implants,	20	yielded
complete	bone	fill	and	coverage	of	the	entire	plasma-coated	implant	surface.	A	clinical	report	on	the	use	of	resorbable	collagen	membranes	around	extraction	site	implants	demonstrated	a	variable	degree	of	bone	fill	in	nine	patients.	More	clinical	review	of	the	use	of	resorbable	membranes	for	GBR	is	required	because	evidence	is	insufficient	to
evaluate	the	predictability	In	a	study	of	30	patients,	the	use	of	autografts	alone	in	54	extraction	sites	was	highly	effective	for	simultaneously	placed	implants	completely	within	the	envelope	of	bone.	The	study	showed	that	extraction	sites,	including	those	with	a	buccal	dehiscence,	could	be	treated	with	autografts	alone.	However,	because	ungrafted
sites	were	not	included,	the	absolute	need	to	graft	small	defects	adjacent	to	implants	was	not	ascertained	by	this	study.	In	another	study,	implants	placed	in	extraction	sockets	were	tested	for	their	potential	to	regenerate	bone	with	allograft	alone,	a	membrane	alone,	and	a	combination	treatment.	Reentry	confirmed	100%	thread	coverage	in	all	but	one
implant	in	the	"no-wall"	group	treated	with	DFDBA	alone.	A	clinical	study	of	five	patients	evaluated	different	treatment	modalities	for	extraction	site	implants	together	with	bone	graft	combinations.	This	small	study	supported	the	concept	that	"nonspace-making	defects"	are	best	treated	with	a	combination	of	barrier	membrane	and	an	autograft	or
allograft	as	compared	to	treatment	with	a	nonreinforced	membrane	alone	(without	a	graft).	Immediate	placement	of	an	implant	into	the	extraction	socket	in	a	one-stage	approach	along	with	immediate	provisionalization	is	perhaps	the	best	way	to	manage	the	hard	and	soft	tissues	following	extraction	(Fig.	58.17).	The	immediate	placement	of	a
provisional	restoration	is	the	best	way	to	support	the	soft	tissues	(papilla	and	marginal	gingiva)	following	tooth	extraction.	58	Surgical	Concepts	of	Implant	Therapy	711.e3	FIGURE	58.17	Immediate	implant	placement	after	extraction	of	a	maxillary	first	premolar.	A,	Preoperative	clinical	photograph	of	tooth	#12,	which	fractured	and	was	deemed
nonrestorable.	B,	Periapical	radiograph	of	tooth	1112.	It	is	root	canal-treated	and	has	a	full-coverage	porcelain-fused-tometal	crown.	C,	Atraumatic	extraction	of	tooth	1112	without	incisions	or	tissue	elevation.	D,	Extracted	tooth.	E,	Palpation	and	examination	with	probe	reveals	intact	bony	walls	around	the	extraction	socket.	The	facial	bone	wall	is
observed	to	be	about	2	mm	below	the	facial	gingival	margin.	F,	The	palatal	aspect	of	the	extraction	socket	is	prepared,	and	a	tapered	implant	is	placed	to	emerge	through	the	central	fossa.	Autogenous	bone	chips	(harvested	from	the	maxillary	tuberosity)	are	condensed	into	the	labial	aspect	of	the	extraction	socket	to	support	the	facial	bone	and	soft
tissue	contours.	G,	An	immediate	provisional	restoration	is	fabricated	(indirectly	in	the	laboratory)	and	delivered	at	the	time	of	implant	placement.	The	palatal	cusp	is	not	replaced	in	this	provisional	to	avoid	function	and	the	occlusion	is	checked	for	light	centric	contacts	only.	H,	Facial	view	of	provisional	restoration	at	the	time	of	delivery.	Notice	how
the	interdental	papilla	and	facial	gingival	margin	is	well	supported	by	the	contours	of	the	provisional	restoration.	I,	Final	restoration	at	time	of	delivery	(approximately	4	months	after	implant	placement).	J,	Final	radiograph	of	definitive	restoration.	712	PART	3	Oral	lmplantology	augmentation	procedure.	In	cases	of	advanced	bone	resorption,	ridge
augmentation	before	implant	placement	may	be	a	better	choice.	Bone	augmentation	procedures	can	also	be	used	to	preserve	alveolar	dimensions	following	tooth	extraction.	If	adequate	bone	exists	to	stabilize	an	implant,	these	procedures	may	be	combined.	The	predictable	outcome	of	these	procedures	depends	on	several	biologic	principles	that	must
be	followed.	Diagnosis,	treatment	planning,	careful	execution	of	the	surgical	treatment,	postoperative	follow-up,	and	appropriate	implant	loading	are	all	important	factors	in	achieving	success.	Advanced	Implant	Surgical	Procedures	The	high	predictability	of	endosseous	dental	implants	has	led	to	routine	use	and	an	expectation	for	success.	However,
the	ultimate	success	for	any	patient	or	any	particular	implant	relies	on	several	factors,	the	most	important	of	which	is	the	availability	of	bone.	The	loss	of	teeth,	whether	caused	by	disease	or	trauma,	can	result	in	severe	deficiency	of	the	alveolar	bone.	Horizontal	bone	deficiencies	are	managed	quite	predictably	with	localized	bone	augmentation
procedures.	However,	vertical	bone	deficiencies	are	much	more	challenging.	The	edentulous	posterior	maxilla	is	challenging	as	the	result	of	a	general	lack	of	bone	volume	and	the	omnipresent	poor	bone	quality	of	the	area;	that	is,	posterior	maxillary	bone	often	consists	of	a	thin	cortical	shell	filled	with	sparse	trabecular	bone.	Edentulous	sites,	in	any
anatomic	location,	that	have	suffered	significant	vertical	alveolar	bone	loss	are	especially	challenging	to	reconstruct.	This	chapter	reviews	advanced	surgical	procedures	used	to	treat	the	most	challenging	type	of	bone	loss,	which	is	a	deficiency	in	vertical	bone	height.	Maxillary	sinus	elevation	and	bone	augmentation,	vertical	bone	augmentation,	and
distraction	osteogenesis	are	reviewed.	The	role	of	growth	factors	in	bone	augmentation	procedures	is	also	discussed.	Maxillary	Sinus	Elevation	and	Bone	Augmentation	Rehabilitation	of	the	edentulous	posterior	maxilla	with	endosseous	dental	implants	often	represents	a	clinical	challenge	because	of	insufficient	bone	volume	resulting	from
pneumatization	of	the	maxillary	sinus	and	resorption	or	loss	of	alveolar	crestal	bone.	Before	the	utilization	of	bone	augmentation	procedures,	patients	with	missing	teeth	and	deficient	bone	in	the	posterior	maxilla	could	only	be	rehabilitated	with	removable	prostheses,	short	implants,	or	cantilevered	restorations	(ie,	supported	by	adjacent	teeth	or
implants).	Historically,	the	failure	rate	for	implants	in	the	posterior	maxilla	has	been	significantly	higher	than	failure	rates	for	implants	in	all	other	anatomic	locations.	Consequently,	procedures	such	as	the	maxillary	sinus	elevation	and	bone	augmentation	are	needed	to	increase	the	amount	of	vertical	bone	height	in	the	posterior	maxilla	for	the
placement	of	implants.	In	1980,	Boyne	and	James	first	described	a	procedure	to	graft	the	maxillary	sinus	floor	with	autogenous	marrow	and	bone	for	placing	an	implant	(blade	type).	Access	to	the	maxillary	sinus	was	gained	through	a	"Caldwell-Luc"	procedure	(ie	,	an	opening	into	the	maxillary	sinus	created	at	the	anteriorsuperior	aspect).	Since	then
several	other	techniques	have	been	described,	including	variations	on	the	lateral	window	osteotomy	and	a	variety	of	techniques	to	lift	the	sinus	floor	from	a	crestal	approach.	Various	bone	graft	materials	have	been	used	to	augment	the	maxillary	sinus.	The	1996	Consensus	Conference	on	Maxillary	Sinus	Bone	Grafting	reviewed	available	data	and
concluded	that	allografts,	alloplasts,	and	xenografts,	alone	or	in	combination	with	autogenous	bone,	can	be	effective	as	bone	substitute	graft	materials	for	sinus	bone	augmentation.	More	importantly,	it	was	concluded	that	the	sinus	graft	procedure	with	implant	placement	is	a	highly	predictable	and	effective	therapeutic	modality	for	the	rehabilitation
of	the	posterior	maxilla.	Sinus	floor	elevation	with	bone	augmentation	of	the	maxillary	sinus	is	now	a	well-accepted	procedure	used	to	increase	bone	volume	in	the	posterior	maxilla.	Numerous	reports	have	validated	the	safety	and	efficacy	of	this	procedure.	Implant	success	rates	are	equal	to	or	better	than	that	of	implants	placed	in	nongrafted
maxillary	bone	(ie,	areas	of	the	posterior	maxilla	with	adequate	height	of	existing	native	bone).	Thus	bone	augmentation	of	the	maxillary	sinus	is	a	viable	option	for	the	vertically	deficient	posterior	maxilla	in	which	the	interocclusal	dimension	is	normal	or	only	moderately	increased.	Indications	and	Contraindications	As	with	any	therapeutic	procedure,
treatment	success	depends	on	appropriate	patient	selection,	careful	evaluation	of	the	anatomy,	identification	and	management	of	any	pathology,	sound	surgical	procedures,	and	appropriate	postsurgical	management.	The	primary	indication	for	maxillary	sinus	elevation	and	bone	augmentation,	specific	for	the	placement	of	endosseous	dental	implants,
is	an	alveolar	bone	height	in	the	posterior	maxilla	that	is	deficient	(eg,	less	than	7	mm	of	existing	vertical	bone	height).	Other	factors	that	must	be	considered	include	the	health	of	the	patient,	the	condition	of	the	remaining	dentition,	and	the	likelihood	of	a	beneficial	outcome.	A	thorough	evaluation	of	the	patient	and	the	judgment	of	the	clinician
ultimately	determine	whether	the	procedure	is	indicated	for	any	particular	individual.	Contraindications	to	maxillary	sinus	elevation	and	bone	augmentation	are	similar	to	contraindications	for	other	surgical	procedures,	with	the	added	consideration	of	the	maxillary	sinus	(Box	58.4).	Patients	must	be	in	good	general	health	and	free	of	diseases	that
affect	the	maxilla	or	maxillary	sinus.	Local	LOCAL	FACTORS	1.	2.	3.	4.	5.	6.	7.	Tumors	or	pathologic	growth	in	the	sinus	Maxillary	sinus	infection	Severe	chronic	sinusitis	Surgical	scar/deformity	of	sinus	cavity	Dental	infection	involving	or	in	proximity	to	sinus	Severe	allergic	rhinitis/sinusitis	Chronic	topical	steroid	use	SYSTEMIC	FACTORS	1.	2.	3.	4.
5.	Radiation	therapy	involving	the	maxillary	sinus	Metabolic	disease	(eg,	uncontrolled	diabetes	mellitus)	Excessive	tobacco	use	Drug/alcohol	abuse	Psychological/mental	impairment	58	Surgical	Concepts	of	Implant	Therapy	factors	that	are	considered	contraindications	to	maxillary	sinus	elevation	and	bone	augmentation	include	the	presence	of
tumors,	maxillary	sinus	infection,	severe	chronic	sinusitis,	scar	or	deformity	of	the	sinus	cavity	from	previous	surgery,	dental	infection,	severe	allergic	rhinitis,	and	chronic	use	of	topical	steroids.	Systemic	contraindications	to	treatment	include	radiation	therapy,	uncontrolled	metabolic	disease	(eg,	diabetes),	excessive	tobacco	use,	drug	or	alcohol
abuse,	and	psychologic	or	mental	impairment.	Risks	and	Complications	The	maxillary	sinus	elevation	and	bone	augmentation	procedure	is	technique	sensitive,	requiring	meticulous	surgical	skills.	Risks	and	complications	of	the	procedure	include	tearing	or	perforation	of	the	schneiderian	membrane,	intraoperative/postoperative	bleeding,	postoperative
infection,	and	loss	of	bone	graft	or	implants	(see	Chapter	59).	The	reported	incidence	of	perforation	or	tearing	of	the	schneiderian	membrane	varies	greatly	(up	to	60%)	and	depends	largely	on	the	anatomy	of	the	sinus	and	the	skill	and	experience	of	the	operator.	The	presence	of	septa	in	the	maxillary	sinus	increases	the	likelihood	of	membrane
perforation.	Positioning	of	the	sinus	window	within	2-4	mm	from	the	anterior	and	inferior	borders	of	the	sinus	makes	it	easier	to	get	direct	access	to	the	bony	walls.	This	may	lessen	the	amount	of	membrane	perforation	during	the	elevation	of	the	sinus	membrane.	If	the	perforation	is	small,	it	can	often	be	managed	with	a	resorbable	barrier	membrane
placed	over	the	opening,	followed	by	careful	packing	of	the	bone	augmentation	material.	If	a	perforation	or	tear	is	extensive	(Fig.	59.18,	A	online),	it	may	be	necessary	to	abort	the	procedure,	close	the	wound,	and	attempt	it	again	at	a	later	date.	Infections	have	been	reported	in	a	small	but	significant	number	of	cases	(up	to	10%)	after	maxillary	sinus
elevation	and	bone	augmentation	procedures.	Prevention	of	infection	is	crucial	for	bone	augmentation	procedures.	Surgery	should	always	be	performed	using	sterile	technique.	Patients	should	use	a	presurgical	antimicrobial	mouth	rinse	(eg,	chlorhexidine),	and	postoperative	antibiotics	should	be	prescribed.	The	signs	and	symptoms	of	sinus	graft
infection	as	well	as	a	detailed	protocol	for	its	treatment	was	described	in	a	recent	clinical	study.	Opening	a	window	through	the	lateral	wall	is	accomplished	by	completely	cutting	through	the	bone	of	the	lateral	wall	up	to	the	schneiderian	membrane.	The	membrane	is	highly	vascularized	and	may	bleed	significantly.	However,	a	more	serious	bleeding
problem	can	arise	if	an	intraosseous	artery	is	severed	in	the	process.	Bone	wax	and	topical	hemostatic	agents	must	be	available	to	manage	such	an	urgent	surgical	complication.	If	a	medium-to-large	vascular	channel	is	identified	(with	CT	or	CBCT	scan)	presurgically,	it	can	usually	be	avoided.	Supracrestal!Vertical	Bone	Augmentation	Supracrestal	or
vertical	bone	augmentation	presents	one	of	the	greatest	challenges	of	bone	regeneration	in	implant	dentistry.	This	is	primarily	a	result	of	the	difficulty	of	the	surgical	procedure	and	its	potential	complications.	Since	vertical	augmentation	can	be	a	very	challenging	procedure	with	a	relatively	high	rate	of	complications,	it	is	necessary	to	justify	this	713
particular	treatment	for	each	patient.	The	rate	of	complications	associated	with	vertical	bone	augmentation	procedures,	including	membrane	exposure	and/or	postoperative	infection,	is	reported	to	range	from	2.	78%	to	17%.	Alternative	treatment	options,	albeit	with	limited	outcomes,	need	to	be	considered.	For	example,	regenerating	a	vertically
deficient	defect	may	not	be	necessary	if	(1)	implants	can	be	placed	in	adjacent	sites,	(2)	short	implants	can	be	used,	or	(3)	pink	ceramic	can	be	used	to	create	an	illusion	of	"normal"	soft-tissue	anatomy.	Historical	attempts	to	vertically	increase	alveolar	bone	height	using	modalities	such	as	onlay	bone	grafting	have	failed.	More	recent	treatment
modalities	developed	for	vertical	bone	growth	include	distraction	osteogenesis	and	vertical	guided	bone	regeneration	(GBR).	The	techniques	and	evidence	of	success	are	presented	online.	Growth	Factors	in	Bone	Augmentation	Current	research	is	exploring	the	use	of	various	growth	factors	to	induce	bone	formation.	These	bone-inductive	mediators
are	powerful	modifiers	of	the	healing	process.	Incorporation	of	osteoinductive	mediators	into	bone	graft	material	or	other	carriers	can	be	applied	to	sites	in	conjunction	with	conventional	bone	augmentation	procedures	to	enhance	the	outcome.	Most	of	the	clinical	techniques	available	to	try	and	stimulate	new	bone	growth	at	such	sites	use	some	type
of	bone	replacement	graft,	including	autograft,	allograft,	xenograft,	or	alloplast.	These	bone	graft	materials	have	both	advantages	and	limitations.	Consequently,	attempts	have	been	made	to	improve	bone	grafting	by	either	using	growth	factors	alone	or	growth	factors	combined	with	a	bone	replacement	graft.	The	rationale	is	that	bone	formation	can
be	further	enhanced	when	a	growth	factor	is	used	to	stimulate	osteoblast	precursor	or	osteoblast	cells	and	hence	to	push	the	bone	formation/bone	resorption	balance	in	favor	of	bone	formation.	Conclusions	Bone	augmentation	and	advanced	implant	surgery	procedures	allow	clinicians	to	reconstruct	vertical	alveolar	bone	deficiencies	and	replace
missing	teeth	with	endosseous	dental	implants.	As	stated	in	this	chapter,	the	predictable	outcome	of	these	procedures	depends	on	several	biologic	principles	that	must	be	followed.	Diagnosis,	treatment	planning,	careful	execution	of	the	surgical	treatment,	postoperative	follow-up,	and	appropriate	implant	loading	are	all	important	factors	in	achieving
success.	Sinus	elevation	and	bone	augmentation	has	become	a	widely	used	and	predictable	procedure	to	augment	the	deficient	posterior	maxilla	(ie,	pneumatized	maxillary	sinus).	Reconstruction	of	vertically	deficient	ridges	remains	a	significant	challenge	despite	the	reported	progress	and	success	of	new	techniques.	Esthetic	Management	of	Difficult
Cases	(Minimally	Invasive	Approach)	In	recent	years,	implant	dentistry	has	been	increasingly	influenced	by	esthetic	considerations.	In	addition	to	successful	osseointegration,	harmonious	soft	and	hard	tissues	must	surround	the	implant	restorations	so	that	they	look	natural	and	healthy.	A	major	challenge	in	implant	dentistry	is	that,	in	58	Surgical
Concepts	of	Implant	Therapy	Surgical	Procedures	for	Sinus	Elevation	The	goal	of	sinus	elevation	and	bone	augmentation	is	to	lift	the	schneiderian	membrane	from	the	floor	of	the	sinus,	raising	it	up	into	the	sinus	cavity	to	create	a	new,	more	superiorly	located	sinus	floor	with	a	space	between	it	and	the	deficient	alveolar	ridge.	The	newly	created
space	can	then	be	filled	with	bone	(or	a	suitable	bone	substitute	material)	to	increase	the	total	vertical	height	of	bone	in	the	posterior	maxilla	for	the	placement	of	endosseous	implants.	The	maxillary	sinus	bone	augmentation	procedure	was	first	described	in	the	1960s	by	Boyne	(unpublished	oral	presentations	to	United	States	Navy	Dental
postgraduates,	1965-68)	and	originally	used	as	a	preprosthetic	surgical	procedure	for	patients	with	large	tuberosities	and	pneumatized	sinuses.	To	reduce	the	size	of	the	tuberosity	without	creating	an	oral-antral	defect,	bone	was	grafted	into	the	sinus	cavity	to	increase	the	volume	of	bone	within	the	maxillary	tuberosity.	After	a	period	of	healing,	the
tuberosity	was	able	to	be	reduced	surgically	from	the	alveolar	ridge	crest.	As	stated	earlier,	Boyne	and	James	were	the	first	to	describe	the	use	of	the	maxillary	sinus	bone-grafting	procedure	for	placement	of	an	implant	(blade	type)	to	retain	a	prosthesis.	Greater	use	and	further	development	of	this	procedure	evolved	along	with	the	success	of
endosseous	dental	implants	and	the	desire	to	replace	missing	posterior	maxillary	teeth	with	implant-retained	restorations.	The	techniques	used	for	sinus	elevation	and	bone	augmentation	are	primarily	differentiated	by	the	anatomic	location	of	the	osteotomy	used	to	gain	access	to	the	maxillary	sinus.	Specifically,	four	different	anatomic	locations	have
been	described:	(1)	the	superior	lateral	wall,	or	"Caldwell-Luc,"	opening,	which	is	located	just	anterior	to	the	zygomatic	arch;	(2)	the	middle	lateral	wall	opening,	which	is	located	midway	between	the	alveolar	ridge	and	the	zygomatic	arch;	(3)	the	inferior	lateral	wall	opening,	which	is	located	at	the	level	of	the	alveolar	ridge;	and	(	4)	the	crestal
osteotomy	approach,	which	is	an	opening	through	the	alveolar	bone	crest	superiorly	toward	the	floor	of	the	sinus.	At	present,	the	most	common	procedures	used	for	sinus	elevation	and	bone	augmentation	are	the	lateral	wall	antrostomy	(middle	or	inferior	approach)	and	the	crestal	approach	osteotomy.	Presurgical	Evaluation	of	Maxillary	Sinus
Presurgical	evaluation	of	the	maxillary	sinus	is	primarily	accomplished	using	radiographic	examination	techniques	(Fig.	58.18).	Several	observations	about	the	anatomy	can	be	made	with	a	periapical	or	panoramic	projection,	but	the	internal	anatomy	is	more	accurately	assessed	with	a	three-dimensional	(3D)	scan,	such	as	computed	tomography	(CT)
or	cone-beam	CT	(CBCT)	scan.	The	maxillary	sinus	should	be	evaluated	for	any	pathology,	masses,	or	the	presence	of	septa.	If	3D	scans	are	available,	the	lateral	wall	should	also	be	evaluated	for	the	presence	of	medium	or	large	intraosseous	vascular	channels	(Fig.	54.15).	Medium-	to	large-sized	vessels	occasionally	traverse	the	lateral	wall	of	the
maxillary	sinus,	and	identifying	them	is	helpful	in	avoiding	a	bleeding	problem	during	surgery	(see	Chapter	42).	713.el	It	has	been	suggested	that	a	minimum	of	5	mm	of	existing	native	bone	in	the	alveolar	crest	is	required	for	simultaneous	implant	placement.	However,	some	clinicians	claim	that	it	is	possible	to	place	implants	simultaneously	with	as
little	as	1	mm	of	remaining	bone.	The	most	important	factor	in	determining	whether	implant(s)	can	be	placed	at	the	time	of	sinus	bone	augmentation	is	the	ability	to	achieve	implant	stability	in	the	existing	bone	rather	than	any	measure	of	bone	height.	Factors	that	influence	implant	stability	include	bone	height,	bone	quality,	precision	of	osteotomy
preparation,	and	the	surgeon's	skill	and	experience.	If	inadequate	native	bone	exists	to	place	implants	at	the	time	of	the	bone	augmentation	procedure,	they	can	be	placed	at	a	subsequent	surgery	after	an	appropriate	healing	period	(Fig.	58.20).	Bone	Craft	Materials	Autogenous	bone	is	often	considered	the	"gold	standard"	for	bone	augmentation
because	of	its	osteoconductive,	osteoinductive,	and	osteogenic	properties.	However,	harvesting	autogenous	bone	from	intraoral	or	extraoral	locations	creates	a	second	surgical	site	with	additional	morbidity.	Numerous	studies	have	demonstrated	clinical	success	using	many	variations	of	bone	graft	materials	and	combinations.	Several	recent	clinical
studies	and	reports	have	attempted	to	evaluate	the	maxillary	sinus	augmentation	procedures	using	a	variety	of	bone-grafting	materials,	including	autogenous	bone	from	the	iliac	crest	or	oral	cavity	and	bone	substitutes	such	as	freeze-dried	demineralized	bone,	resorbable	and	nonresorbable	hydroxyapatite,	and	xenografts.	However,	only	a	few	studies
have	critically	evaluated	the	long-term	clinical	outcome	of	this	procedure,	and	most	have	used	a	small	study	population.	Short-	to	long-term	clinical	studies	of	dental	implants	placed	into	grafted	sinuses	demonstrate	an	equivalent	or	higher	survival	rate	as	compared	to	implants	placed	in	native	maxillary	bone	(ie,	without	the	need	of	sinus
augmentation).	The	results	of	these	studies	support	the	clinical	predictability	of	maxillary	sinus	augmentation	procedures	for	the	rehabilitation	of	the	edentulous	posterior	maxilla	with	implant-supported	prostheses	(Fig.	58.21).	The	use	of	bone-substitute	graft	materials	can	reduce	the	morbidity	introduced	by	a	second	surgical	site	while	maintaining
equally	good	implant	success	rates.	Anorganic	bovine	bone-derived	mineral	(ABBM;	ABBM	has	also	been	referred	to	in	the	literature	as	deproteinized	bovine	bone	mineral,	deproteinized	anorganic	bovine	bone,	and	anorganic	bovine	bone)	has	also	been	used	successfully	for	sinus	augmentation.	This	graft	material	has	demonstrated	good	dimensional
stability	and	high	implant	survival	rates.	These	materials	form	an	osteoconductive	scaffold	for	bone	growth	but	do	not	have	any	osteoinductive	properties.	A	possible	exception	is	demineralized	freezedried	bone	allograft	(DFDBA).	This	material	has	demonstrated	osteoinductive	potential	but	has	not	proved	to	be	particularly	advantageous	in	the
maxillary	sinus	bone	augmentation.	In	fact,	the	bone	volume	gained	with	the	use	of	DFDBA	is	less	than	that	achieved	with	mineralized	graft	materials	as	a	result	of	moderate	postoperative	shrinkage	of	DFDBA-grafted	bone.	Crestal	Osteotomy	Technique	Simultaneous	Implant	Placement	Simultaneous	implant	placement	is	possible	with	sinus	elevation
and	bone	augmentation	procedures	as	long	as	the	implant	can	be	stabilized	in	the	desired	location	with	the	existing	native	bone	(Fig.	58.19).	In	cases	with	moderate	bone	height	(eg,	7-9	mm)	that	require	limited	sinus	bone	augmentation,	a	crestal	approach	to	elevation	may	be	desirable.	The	osteotome	technique	is	a	procedure	that	uses	osteotomes
(Fig.	58.22)	to	compress	bone	(internally	from	the	alveolar	crest	upward)	against	the	floor	713.e2	PART	3	Oral	lmplantology	FIGURE	58.18	Presurgical	evaluation	of	the	maxillary	sinus.	A,	Periapical	radiograph.	B,	Panoramic	projection	from	cone-beam	scan.	Note	the	presence	of	maxillary	septa	in	the	premolar	region.	C,	Cross-sectional	image	in
premolar	region	showing	about	6	mm	of	bone	height	and	presence	of	maxillary	septa.	D,	Cross-sectional	image	in	molar	region	showing	about	2	mm	of	bone	height.	58	Surgical	Concepts	of	Implant	Therapy	FIGURE	58.19	Simultaneous	implant	placement	with	maxillary	sinus	elevation	and	bone	augmentation	procedure.	A,	Preoperative	periapical
radiograph.	B,	Preoperative,	cross-sectional	image	in	premolar	region	demonstrating	10.6	mm	of	vertical	bone	height.	C,	Preoperative,	cross-sectional	image	in	molar	region	demonstrating	5.3	mm	of	vertical	bone	height.	D,	Postsurgical	radiograph	of	graft	and	implants	in	place.	713.e3	713.e4	PART	3	Oral	lmplantology	FIGURE	58.20	Staged	implant
placement	after	sinus	elevation	and	bone	augmentation	procedure.	Same	patient	as	in	Figure	58.1.	See	preoperative	radiograph	and	preoperative	cross-sectional	images.	A,	Postsurgical	panoramic	view	of	bone-augmented	maxillary	sinus.	The	maxillary	left	cuspid	has	been	extracted	because	of	a	vertical	fracture.	B,	Postsurgical	cross-sectional	image
in	premolar	region	demonstrating	more	than	17-mm	vertical	bone	height.	C,	Postsurgical	cross-sectional	image	in	molar	region	demonstrating	19.1-mm	vertical	bone	height.	D,	Postsurgical	radiograph	of	implants	placed	in	the	previously	grafted	maxillary	sinus	(and	cuspid	site).	FIGURE	58.21	Long-term	follow-up	of	patient	presenting	with	minimal
residual	crestal	bone	height.	A,	Preoperative	radiograph	demonstrates	minimal	residual	crestal	bone	height.	B,	Postoperative	radiograph	demonstrates	sinus	graft	healing	after	6	months.	C,	Abutment	connection	of	implants	after	6	months	of	submerged	healing.	The	three	distal	implants	were	placed	into	augmented	bone.	D,	Periapical	radiograph
demonstrates	stability	of	crestal	bone	around	implants	at	10	years	loading.	(From	Urban	IA,	Lozada	JL.	A	prospective	study	of	implants	placed	in	augmented	sinuses	with	minimal	and	moderate	residual	crestal	bone:	results	after	1	to	5	years.	Int	J	Oral	Maxillofac	Implants	25(6):	1203-7	212,	20	70.)	58	Surgical	Concepts	of	Implant	Therapy	713.eS	be
contraindicated	for	sinuses	that	have	an	acutely	sloped	floor	or	septa	in	the	location	of	the	planned	osteotomy.	An	acutely	sloped	sinus	floor	will	tend	to	deflect	the	osteotome	in	an	undesirable	direction	rather	than	allowing	the	osteotome	to	penetrate	into	the	sinus	space,	and	the	presence	of	septa	makes	it	virtually	impossible	to	fracture	the	sinus
floor	inward.	Box	58.5	provides	additional	precautions	and	clinician	comments	on	using	the	osteotome	technique.	Several	new	instruments	and	techniques	have	emerged	that	improve	the	ability	to	create	a	crestal	approach	osteotomy	while	avoiding	trauma	or	injury	to	the	schneiderian	membrane.	These	instruments/techniques	vary	from	drill	systems
to	piezoelectric	bone	surgery.	Lateral	Window	Technique	FIGURE	58.22	Osteotome	instruments.	A,	Straight	osteotomes.	B,	Offset	osteotomes.	of	the	sinus,	ultimately	leading	to	a	controlled	"inward	fracture"	of	the	sinus	floor	bone	and	the	schneiderian	membrane,	which	should	remain	intact	above	the	inward-fractured	bone.	The	osteotome	sinus	floor
elevation	technique	was	described	by	Summers.	It	is	considered	to	be	a	"conservative"	approach	to	sinus	elevation,	but	it	is	also	a	"blind"	technique	because	it	does	not	allow	the	operator	to	visualize	the	schneiderian	membrane	during	the	osteotomy.	For	this	reason,	it	is	a	technique-sensitive	procedure	as	well	(ie,	the	operator	must	"feel"	the	bone
fracture	and	the	membrane	elevation).	Verification	of	success	can	only	be	observed	with	radiographs	and	visualization	of	the	bone	graft	material	in	the	sinus	cavity.	Procedure.	An	osteotomy	site	is	prepared	with	a	series	of	drills	(eg,	initial	drills	used	for	implant	site	preparation)	to	a	depth	that	is	approximately	1-2	mm	from	the	floor	of	the	maxillary
sinus.	Osteotomes	are	used	to	increase	compressive	forces	gradually	against	the	floor	of	the	sinus	by	adding	incremental	quantities	of	graft	material	until	the	floor	of	the	sinus	fractures	inward	(Fig.	58.23).	After	the	controlled	inward	fracture	of	the	maxillary	sinus	floor,	bone	graft	materials	continue	to	be	slowly	introduced,	through	the	osteotomy	site
and	into	the	maxillary	sinus,	which	continues	to	elevate	the	membrane	and	thus	allows	a	vertical	expansion	of	the	bone	height	in	a	localized	area	of	the	maxillary	sinus.	Once	the	sinus	membrane	is	elevated	with	bone	graft	material	to	the	desired	height,	the	implant	osteotomy	can	be	completed,	with	a	final	drill	used	to	finish	preparation	of	the	site,
and	an	implant	can	be	inserted.	Multiple	individual	sites	can	be	elevated	and	prepared	simultaneously	through	separate	osteotomy	sites.	Published	reports	of	this	technique	have	demonstrated	increased	bone	height	from	2	to	7	mm	(average:	3.8	mm).	Thus	the	crestal	approach	is	a	useful	technique	for	increasing	the	vertical	height	of	bone	up	to
approximately	4	mm.	If	more	vertical	bone	height	is	needed,	the	lateral	wall	osteotomy	approach	may	be	more	advantageous.	In	addition	to	the	usual	precautions	and	contraindications	for	sinus	elevation	and	bone	augmentation	procedures,	the	osteotome	technique	may	The	lateral	window	technique	is	probably	the	most	effective	and	efficient	way	to
access	the	maxillary	sinus	and	elevate	the	sinus	floor.	In	this	procedure,	an	opening	into	the	maxillary	sinus	is	created	to	elevate	the	schneiderian	membrane	and	to	place	bone	graft	in	the	space	immediately	above	the	existing	alveolar	bone.	The	osteotomy	can	be	prepared	with	a	highspeed	round	diamond	or	a	piezoelectric	bone	surgery	device.	Some
clinicians	prefer	to	cut	the	lateral	window	(outline	cut	through	to	the	membrane)	and	use	the	impacted	bony	wall	as	the	superior	wall	of	the	space	created	for	bone	grafting	(Fig.	58.24,	A-C),	and	others	prefer	to	eliminate	the	bony	window	entirely	by	reducing	it	to	a	paper-thin	layer,	which	is	easily	removed	(Fig.	58.24,	D-F)	With	the	former	technique,
it	is	important	to	create	a	window	that	is	small	enough,	relative	to	the	mediolateral	width	of	the	maxillary	sinus,	to	allow	the	"window"	to	be	pushed	completely	into	the	sinus	cavity.	If	the	window	cannot	be	inserted	completely,	it	must	be	carefully	separated	from	the	membrane	and	removed.	The	bone	removed	from	the	lateral	window	osteotomy	can
be	harvested	and	incorporated	into	the	bone	graft.	Elevation	of	the	schneiderian	membrane	is	accomplished	with	hand	instruments	that	are	inserted	along	the	internal	aspect	of	the	bony	walls	of	the	sinus	(Fig.	58.25)	Great	care	is	taken	to	avoid	perforation	of	the	membrane.	Small	instruments,	such	as	the	De	Marco	curette,	are	introduced	along	the
inferior,	anterior,	posterior,	and	superior	aspects	of	the	prepared	antrostomy	window,	gradually	inserting	further	along	the	bone	until	the	membrane	begins	to	separate	and	lift	away	from	the	bone.	Subsequently,	larger	instruments,	such	as	the	Gracey	13/14	curette,	are	gently	introduced	along	the	bone	to	continue	lifting	the	membrane	to	the	desired
levels	(height,	width,	and	depth).	Instruments	must	always	be	kept	in	contact	with	the	bone	surface	while	elevating	the	schneiderian	membrane	to	avoid	perforation.	Regardless	of	whether	implants	are	being	placed	simultaneously	or	not,	it	is	useful	to	estimate	the	dimensions	of	the	augmentation	needed	by	inserting	a	surgical	guide	with	holes	or
markers	indicating	the	ideal	location	for	planned	implants.	Once	elevated,	the	space	can	be	grafted	with	bone	(autogenous,	bone	substitute,	or	a	combination).	If	implants	are	being	simultaneously	placed,	the	implant	osteotomy	sites	should	be	prepared,	and	implants	placed	after	the	medial,	anterior,	and	posterior	aspects	are	filled	with	bone,	thereby
supporting	the	schneiderian	membrane	up	and	away	from	the	drills	and	implants.	After	implant	placement,	the	remaining	lateral	aspect	is	packed	with	bone	graft.	Finally,	the	antrostomy	and	bone	graft	is	covered	with	a	barrier	membrane	(eg,	resorbable	membrane)	and	the	flap	is	sutured.	713.e6	PART	3	Oral	lmplantology	FIGURE	58.23	Illustration
of	the	osteotome	sinus	floor	elevation	(OSFE)	technique.	A,	Osteotomy	prepared	with	drills	to	a	depth	that	is	near	the	maxillary	sinus	floor.	B,	Graft	material	introduced	into	osteotomy	and	condensed	with	osteotome.	C,	Additional	bone	graft	material	is	added	to	the	osteotomy.	D,	Bone	graft	continues	to	be	condensed	by	osteotomes.	E,	This	process	is
continued	until	floor	of	sinus	is	"fractured"	up	internally	and	the	floor	is	lifted	with	the	bone	graft	material.	F,	Continuation	of	process	shown	in	E	for	second	site.	G,	Bone	graft	material	continues	to	be	added	gradually	to	both	sites	with	osteotome	condensation	to	elevate	the	schneiderian	membrane	away	from	the	bone	(maxillary	sinus	walls)	until
sufficient	height	and	volume	are	created	for	the	placement	of	implants.	H,	The	coronal	aspect	of	the	osteotomy	is	carefully	prepared	for	the	placement	of	implants	(instrumentation	not	shown)	and	the	implant	is	placed.	I,	Final	view	of	two	implants	placed	in	the	grafted	maxillary	sinus	using	the	OSFE	technique.	ifechni~ue	CLINICAL	PERSPECTIVE	1
The	osteotome	procedure	involves	repeated	tapping	of	osteotomes	with	a	mallet	to	create	the	necessary	pressure	to	fracture	the	floor	of	the	maxillary	sinus.	This	tapping	can	be	bothersome	to	some	individuals,	especially	those	patients	who	are	not	sedated	for	the	procedure.	The	tapping	procedure	tends	to	be	more	bothersome	for	patients	with	dense
cortical	bone	than	for	those	with	loose	trabecular	bone.	In	fact,	a	specific	postoperative	complication,	called	benign	paroxysmal	positional	vertigo	(BPPV),	has	been	associated	with	the	osteotome	sinus	elevation	technique.	During	the	osteotomy	preparation	and	sinus	floor	elevation,	the	trauma	induced	by	percussion	of	the	osteotome	with	the	surgical
hammer,	along	with	hyperextension	of	the	neck	during	the	operation,	can	displace	otoliths	in	the	inner	ear	and	induce	BPPV	(see	Chapter	59).	CLINICAL	PERSPECTIVE	2	The	osteotome	technique	requires	that	the	osteotome	be	properly	aligned	in	the	direction	of	the	long	axis	of	the	planned	implant.	Thus	patients	must	be	able	to	open	wide	enough	to
allow	a	direct	insertion	of	the	osteotome	into	the	osteotomy	site.	Offset	osteotomes	are	available	that	can	facilitate	the	correct	angulation	(Figure	58.4,	B).	58	Surgical	Concepts	of	Implant	Therapy	713.e7	(A)	(D)	FIGURE	58.24	Illustrations	showing	two	techniques	for	the	lateral	window	procedure	to	access	the	maxillary	sinus	for	bone	augmentation.
The	first	technique	(A-C)	preserves	the	bone	of	the	lateral	window	elevating	it	up	into	the	sinus	cavity	to	create	a	new	sinus	floor.	The	second	technique	(D-F)	completely	removes	the	lateral	window	as	part	of	the	preparation.	A,	Lateral	window	is	cut	at	the	periphery	of	the	access	window,	leaving	the	lateral	bony	wall	in	the	center	of	the	window	intact.
The	bony	window	is	then	pushed	inward	to	become	the	new,	elevated	sinus	floor/superior	wall	of	the	grafted	maxillary	sinus	space.	B,	Bone	graft	material	is	packed	into	the	newly	created	space.	C,	A	barrier	membrane	is	placed	over	the	lateral	window	and	bone	graft	material.	The	full-thickness	flap	is	sutured	over	the	barrier	membrane.	D,	Lateral
window	is	removed	entirely	during	the	preparation	of	the	osteotomy.	The	schneiderian	membrane	is	elevated	inward	and	upward	to	become	the	superior	containment	of	the	grafted	maxillary	sinus	space	without	a	superior	bony	wall.	E,	Bone	graft	material	is	packed	into	the	newly	created	space.	F,	A	barrier	membrane	is	placed	over	the	lateral	window
and	bone	graft	material.	The	full-thickness	flap	is	sutured	over	the	barrier	membrane.	FIGURE	58.25	Instruments	used	to	elevate	the	schneiderian	membrane	through	lateral	window	antrostomy.	A,	De	Marco	curettes.	B,	Gracey	13/14	curette.	C,	Universal	curettes.	D,	Large	spoon	curettes.	E,	Medium-size	curved	membrane	elevators.	713.e8	PART	3
Oral	lmplantology	Guided	Bone	Regeneration	and	Augmentation	The	surgical	technique	of	GBR	for	supracrestal	regeneration	was	described	in	the	1990s.	Both	animal	and	human	studies	demonstrated	successful	vertical	bone	augmentation	with	histologic	evidence.	The	available	evidence	describing	and	supporting	the	use	of	supracrestal	GBR	is
limited.	Some	studies	have	evaluated	the	effect	of	space	creation	by	a	membrane	alone,	whereas	others	have	used	an	autogenous	bone	graft	to	maintain	space	under	the	membrane.	Animal	(dog)	studies	demonstrated	the	ability	to	gain	about	2.7	mm	(0.4-4.0	mm)	of	vertical	bone	height	around	simultaneously	placed	implants.	In	one	clinical	study,	5
patients	were	treated	with	a	supracrestal	exposure	of	3-7	mm	(average:	4.67	mm)	and	showed	a	clinical	bone	gain	of	0.5-4	mm	(average:	2.97	mm)	after	9	months.	These	studies	suggest	that	supracrestal	bone	formation	up	to	3	mm	is	predictable	using	the	GBR	technique	with	a	membrane-blood	clot	combination.	Simion	et	al	and	Jovanovic	et	al	used	a
titanium-reinforced	(TR)	membrane	for	vertical	bone	regeneration	around	dental	implants	without	the	placement	of	supportive	bone	substrates.	Instead,	the	space	was	filled	with	a	blood	clot	facilitated	by	perforating	the	cortical	bone	surface	or	by	injecting	the	space	with	venous	blood.	Supracrestal	bone	regeneration	achieved	was	3.3	mm	and	1.82
mm	in	these	studies,	respectively	Recent	studies	showed	that	supracrestal	bone	formation	is	more	predictable	using	a	bone	graft	filler	material	placed	under	the	TR	membrane.	Therefore,	at	present,	advanced	surgical	GBR	augmentation	for	vertical	bone	gain	should	be	achieved	with	a	nonresorbable	TR	membrane	that	is	supported	by	a	bone	graft
(Fig.	58	26)	The	long-term	results	of	vertical	GBR	after	1-5	years	of	prosthetic	loading	were	examined	in	a	retrospective	multicenter	study	evaluating	123	implants.	Three	treatment	modalities	(nonresorbable	regenerative	membranes	in	combination	with	blood	clot	only,	DFDBA,	and	autogenous	bone	chips)	were	studied,	and	the	results	from	this
investigation	revealed	that	vertical	bone	regeneration	greater	than	4	mm	could	only	be	achieved	with	the	use	of	autogenous	bone	chips.	These	authors	reported	an	overall	success	rate	of	97.5%,	leading	them	to	conclude	that	vertically	augmented	bone	using	GBR	techniques	supports	implant	placement	in	a	fashion	similar	to	native,	nonregenerated
bone.	Urban	et	al	used	TR	membranes	with	autogenous	particulated	bone	for	vertical	bone	augmentation	before	implant	placement.	The	study	included	35	patients	with	36	vertical	bone	defects.	Eighty-two	implants	were	placed	in	a	staged	approach	and	a	resorbable	collagen	membrane	(Bio-Gide	Resorbable	Bilayer	Membrane,	Osteohealth,	Shirley,
NY)	was	placed	over	the	newly	formed	crestal	bone	at	the	implant	placement	surgery	to	protect	the	graft	from	early	resorption	after	removal	of	the	expanded	polytetrafluoroethylene	(ePTFE)	membrane.	Implants	were	followed	from	1	to	6	years	after	prosthetic	loading.	Treatment	groups	included	single	and	multiple	tooth	sites,	as	well	as	vertical
defects	in	the	posterior	maxilla.	Vertical	bone	augmentation	of	the	posterior	maxillary	ridge	was	done	simultaneously	with	sinus	bone	augmentation	(Fig.	58.27).	At	membrane	removal,	the	mean	vertical	bone	augmentation	was	5.5	mm	(±2.29	mm).	The	mean	combined	crestal	remodeling	was	1.01	mm	(±0.57	mm)	at	12	months,	which	remained	stable
through	the	6-year	follow-up	period.	There	were	no	statistically	significant	differences	between	the	treatment	groups	in	mean	marginal	bone	remodeling.	The	overall	implant	survival	rate	was	100%	with	a	cumulative	success	rate	of94.7%.	The	efficacy	of	a	1:1	mixture	of	ABBM	and	autogenous	particulated	bone	graft	using	ePTFE	membranes	was
evaluated	histologically	and	histomorphometrically	in	8	patients	(10	ridge	defects).	After	a	healing	period	of	6	to	9	months,	a	mean	vertical	gain	of	3.15	mm	(SD	±1.12	mm)	was	achieved.	In	a	recent	clinical	and	histologic	study	evaluating	the	same	graft	material	and	using	dense	PTFE	membranes	in	19	patients,	an	average	bone	gain	of	5.45	mm	(SD
1.93)	was	achieved.	In	both	studies	histologic	evaluation	showed	that	ABBM	was	connected	with	a	dense	network	of	newly	formed	bone	of	varying	degrees	of	maturation.	However,	long-term	results	are	not	available	to	confirm	the	predictability	of	the	procedure	or	implant	success.	More	long-term	studies	are	needed.	Distraction	Osteogenesis
Distraction	osteogenesis	is	a	surgical	technique	that	has	been	developed	to	increase	vertical	bone	height	in	the	deficient	jaw	site	and	contrasts	with	the	more	conventional	method	of	bone	grafting	with	or	without	membranes.	Under	the	proper	circumstances,	most	cells	in	bone	can	differentiate	into	osteogenic	(or	chondrogenic)	cells	needed	for	repair.
Ilizarov	popularized	the	concept	of	distraction	osteogenesis	in	the	1980s	by	developing	a	protocol	for	"cutting"	long	bones	and	"stretching"	them	during	the	healing	process.	Based	on	experimental	and	clinical	studies	over	35	years,	distraction	osteogenesis	can	provide	a	surgeon	with	the	ability	to	treat	small	bones	in	the	hands	and	feet	using	external
fixation	devices.	Recently,	new	intraoral	devices	for	vertical	bone	growth	of	the	alveolar	process	have	been	developed	and	successfully	applied	in	preparation	for	the	placement	of	dental	implants.	Other	important	advantages	of	distraction	osteogenesis	are	that	it	may	avoid	the	need	for	a	second	surgical	site	to	harvest	bone,	and	the	newly	created
bone	has	native	bone	at	the	crest,	which	is	thought	to	withstand	forces	better	than	regenerated	bone.	One	of	the	most	significant	disadvantages	of	the	distraction	osteogenesis	procedure	for	intraoral	application	is	the	unidirectional	limitation	of	current	devices.	The	application	of	distraction	osteogenesis	for	vertical	bone	growth	has	shown	good
predictability	However,	limitations	have	been	encountered	in	achieving	horizontal	bone	growth	with	this	method.	Secondary	bone	grafting	is	frequently	needed	following	vertical	distraction	osteogenesis,	especially	for	the	extremely	resorbed	(narrow)	ridges.	Consequently,	distraction	osteogenesis	cannot	be	expected	to	solve	vertical	ridge	defects
without	the	use	of	additional	augmentation	procedures.	58	Surgical	Concepts	of	Implant	Therapy	713.e9	FIGURE	58.26	Representative	case	of	a	posterior	mandibular	vertical	ridge	augmentation.	A,	Atrophic	posterior	mandibular	area.	B,	Particulated	chin	bone	graft	is	placed	on	the	ridge.	Cortical	bone	was	perforated	and	guided	tissue	regeneration
membrane/titanium-reinforced	(GTRM-TR)	membrane	was	secured	on	the	lingual	side	before	applying	bone	graft.	C,	GTRM-TR	membrane	is	secured	over	the	graft	with	titanium	pins.	D,	Three	implants	are	in	place	in	the	newly	formed	posterior	mandibular	ridge.	Note	the	well-integrated	bone	graft.	E,	Periapical	radiograph	at	abutment	connection.	F,
Periapical	radiograph	at	8-year	follow-up	with	implants	in	function.	G,	Clinical	picture	demonstrates	healthy	periimplant	mucosa.	(From	Urban	IA,	Jovanovic	SA,	Lozada	JL:	Vertical	ridge	augmentation	using	guided	bone	regeneration	(CBR)	in	three	clinical	scenarios	prior	to	implant	placement:	a	retrospective	study	of	35	patients	12	to	72	months	after
loading.	Int	J	Oral	Maxillofac	Implants	24(3):502-510,	2009.)	713.e10	PART	3	Oral	lmplantology	FIGURE	58.27	Simultaneous	vertical	ridge	and	sinus	bone	augmentation.	Representative	case	requiring	posterior	maxillary	vertical	and	sinus	augmentation.	A,	Failing	implant	and	severe	periimplant	bone	defect	on	the	right	maxillary	premolar	area.	B,
Radiograph	3	months	after	implant	removal	demonstrates	vertical	deficiency	and	sinus	proximity.	C	and	D,	Remote	full-thickness	flap	is	elevated	exposing	the	facial	bone	of	the	posterior	maxillary	region.	Buccal	and	occlusal	views	of	esthetically	and	functionally	demanding	vertical	defect.	E,	The	lateral	window	of	the	sinus	is	outlined	and	fractured
inward.	The	schneiderian	membrane	is	carefully	elevated	until	the	correct	vertical	height	is	reached.	F	and	G,	Anorganic	bovine-derived	bone	mineral	(ABBM)	and	autogenous	bone	was	applied	and	packed	to	the	subantral	space	of	the	elevated	sinus.	Guided	tissue	regeneration	membrane/	titanium-reinforced	(GTRM-TR)	membrane	was	fixated	on	the
palatal	bone	and	a	titanium	tenting	screw	is	placed	protruding	to	the	desired	vertical	position.	Autogenous	particulated	bone	was	applied	to	the	vertical	defect.	Bone	Morphogenetic	Proteins	Perhaps	the	most	studied	of	all	the	osteoinductive	growth	factors	are	the	bone	morphogenetic	proteins	(BMPs),	which	belong	to	the	transforming	growth	factor
beta	(TGF-~)	superfamily	Of	this	family,	recombinant	human	bone	morphogenetic	protein-2	(rhBMP-2)	has	shown	significant	signs	of	bone-enhancing	potential.	One	commercial	bone	growth	factor	product	has	been	approved	by	the	FDA	for	use	in	the	oral	cavity	to	stimulate	bone	formation.	As	was	noted	in	the	use	of	growth	factors	for	periodontal
regeneration,	the	growth	factor	protein	must	be	combined	with	a	carrier	to	have	activity	and	be	used	clinically.	The	commercially	available	bone	growth	product	contains	rhBMP-2	combined	with	a	bovine	type	I	collagen	sponge.	This	product	has	been	cleared	for	oral	cavity	use	in	both	sinus	lift	augmentation	therapy	and	for	ridge	augmentation	in
maxillary	anterior	extraction	sites	with	bone	loss.	The	BMPs	are	a	group	of	related	proteins	that	are	found	in	the	body	and	are	important	for	skeletal	development.	Each	of	the	proteins	has	relatively	specific	functions,	and	BMP-2	has	been	shown	to	have	some	of	the	strongest	bone-producing	activity.	BMP-7	[also	called	osteogenic	protein-]	(OP-1)]	and
BMP-3	(also	known	as	osteogenin)	have	also	been	shown	to	stimulate	bone	formation.	The	BMPs	were	originally	isolated	from	bovine	bone	by	Marshall	Urist.	As	a	growth	factor,	the	BMPs	induce	the	differentiation	of	mesenchymal	stem	cells	to	become	bone-producing	osteoblast	cells.	Thus,	unlike	proliferation	factors	that	increase	the	number	of	cells,
the	BMPs	are	differentiation	factors	that	stimulate	cells	to	produce	bone	58	Surgical	Concepts	of	Implant	Therapy	713.el	1	FIGURE	58.27	(cont.)	H	and	I,	Buccal	and	occlusal	views	of	GTRM-TR	membrane	secured	over	the	graft	with	titanium	pins.	J,	After	9	months	of	uneventful	healing,	the	GTRM-TR	membrane	has	maintained	its	position.	Kand	L,
Buccal	and	occlusal	views	of	the	regenerated	alveolar	bone	crest.	M,	The	final	reconstruction	demonstrates	a	functional	and	esthetic	outcome.	N,	Stable	crestal	bone	around	the	implants	after	10	years	of	loading.	tissue.	Many	carriers	have	been	tested	with	the	BMPs,	but	the	binding	and	release	kinetics	using	bovine	type	I	collagen	have	proved	to	be
the	most	useful	clinically.	BMP	binds	tightly	to	the	collagen	within	minutes	and	has	been	shown	to	be	released	over	time	for	2-3	weeks	at	the	defect	site.	The	extended	release	kinetics	likely	allow	the	undifferentiated	mesenchymal	cells	migrating	into	the	wound	site	over	time	to	be	exposed	to	the	growth	factor.	These	BMPs	have	been	extensively
studied	and	have	been	shown	to	stimulate	bone	formation	in	many	animal	models	and	in	humans	under	a	variety	of	conditions	and	indications.	In	fact,	the	same	product	approved	for	use	in	the	oral	cavity	had	previously	been	approved	by	the	FDA	for	use	in	single-level	spine	fusion	procedures	and	in	open	tibial	fractures	in	humans.	The	BMPs	have
specific	receptors	on	the	surfaces	of	cells.	Binding	of	the	BMP	causes	dimerization	of	the	receptor	proteins,	which	in	turn	stimulates	a	cascade	of	events	intracellularly	involving	a	set	of	proteins	called	SMADs.	The	end	result	of	the	intracellular	cascade	is	the	activation	of	genetic	activity	and	bone	cell	differentiation.	The	preclinical	results	of	using
rhBMP-2	in	animals	with	critical-sized	defects	have	reported	rapid	new	bone	formation.	The	inductive	capacity	of	rhBMP-2	was	demonstrated	by	impregnating	a	polymer	carrier	and	placing	the	substrate	in	critical-sized	rat	mandibular	defects	with	or	without	a	barrier	membrane.	The	study	evaluated	12-	and	24-day	healing	times	and	showed	a	bony
union	of	the	defects	for	rhBMP-treated	sites.	The	control	sites	were	not	closed	at	the	same	intervals.	The	clinical	results	of	using	rhBMP-2	and	collagen	in	patients	are	remarkable	considering	that	only	one	bone	differentiation	agent	is	being	delivered	to	the	bone	site	and	it	is	only	delivered	at	the	time	of	the	surgical	procedure.	Relatively	high	doses	of
the	protein	are	often	used	in	some	sites	however,	possibly	as	the	result	of	the	need	to	release	effective	doses	at	later	times.	Future	research	directions	will	likely	focus	on	more	targeted	delivery	of	the	bone	growth	factor	at	specified	times	during	the	wound	healing	process.	The	use	of	growth	factors	for	bone	augmentation	has	the	potential	to
completely	eliminate	the	need	of	bone	harvesting	and	any	bone	filler	materials,	and	preliminary	results	are	encouraging.	However,	the	clinician	must	recognize	that	there	is	limited	clinical	information	available	on	these	new	modalities,	and	no	information	on	resorption	of	the	regenerated	bone,	implant	survival,	or	bone	remodeling	around	implants.
Further	documentation	from	long-term,	randomized,	controlled	clinical	studies	are	necessary.	Autologous	Platelet	Concentration	In	recent	years,	a	new	approach	to	enhance	the	vitality	of	bone	grafts	has	been	introduced	by	using	platelet	concentrate	or	platelet-rich	plasma	(PRP).	PRP	is	an	autologous	713.e12	PART	3	Oral	lmplantology	source	of
platelet-derived	growth	factors	and	transforming	growth	factors	that	is	obtained	by	sequestering	and	concentrating	platelets	by	centrifugation.	The	patient's	own	blood	is	withdrawn	and	separated	into	platelet-rich	and	platelet-poor	components.	The	PRP	is	the	important	content,	containing	a	high-level	mixture	of	platelets	and	a	concentration	of
growth	factors.	This	PRP	mixture	is	added	to	the	autologous	bone	graft	and	has	been	shown	to	increase	the	quality	of	and	reduce	the	time	needed	for	bone	regeneration.	Clinical	and	experimental	studies	are	scarce	but	suggest	that	this	technique	holds	promise	for	large	bone	defects	and	bone	defects	with	low	osteogenic	potential.	Extrapolation	to	the
possible	effect	of	PRP	on	other	bone-filler	materials	cannot	be	made	at	this	time.	714	PART	3	Oral	lmplantology	FIGURE	58.28	Implant	sites	in	the	anterior,	esthetic	zone	with	extensive	bone	loss.	A,	Anterior	mandibular	site	showing	extensive	bone	loss	following	extraction	of	hopelessly	infected	mandibular	incisors.	B,	Extremely	narrow	(labial-palatal)
ridge	width	in	the	anterior	maxilla	that	was	missing	centrals	and	laterals	for	many	years.	C,	Moderate	bone	loss	associated	with	the	extraction	socket	of	a	maxillary	cuspid.	many	instances,	dental	implants	need	to	be	placed	in	an	esthetic	zone	in	which	there	is	extensive	alveolar	bone	deficiency	from	tooth	loss,	dentoalveolar	infection,	or	other
pathology	(Fig.	58.28,	A-C)	Gingival	morphology	follows	the	shape	of	the	underlying	bone,	and	it	is	difficult	to	build	esthetically	acceptable	gingiva	in	areas	with	deficient	supporting	bone.	Furthermore,	using	conventional	surgical	approaches	to	accomplish	the	goal	in	a	patient-friendly	manner	with	minimal	trauma	and	clinical	predictability	is	an
extremely	demanding	task.	Treatment	planning	in	a	complex	implant	case	today	is	often	confusing	because	there	are	many	different	surgical	and	restorative	approaches	to	solve	the	same	problem.	Many	times	these	procedures	seem	to	conflict.	When	considering	the	surgical	placement	of	implants,	clinicians	must	consider	the	approach	(conventional
two-stage	approach	vs	a	one-stage	approach)	and	the	timing	of	implant	placement	(immediate	vs	delayed	or	staged	placement).	For	bone	augmentation	procedures,	there	is	the	more	conventional	approach	of	augmenting	the	ridge	first	and	placing	the	implant(s)	after	healing,	or	the	simultaneous	implant	placement	with	bone	augmentation	approach
in	which	bone	grafting	is	done	at	same	time	as	implant	placement.	All	of	these	approaches	can	provide	a	successful	outcome	if	patient	selection	is	appropriate	and	techniques	are	performed	properly.	However,	depending	on	the	situation,	some	of	these	techniques	are	more	advantageous	than	others	in	achieving	esthetic	results	with	better	predictably
and	less	patient	discomfort.	It	is	easy	for	a	clinician	to	"dogmatically"	choose	one	approach,	usually	choosing	the	one	that	the	clinician	feels	most	comfortable	with,	and	to	treat	all	patients	with	the	same	approach.	However,	with	heightened	expectations	of	esthetics	pushing	the	art	and	science	of	dentistry,	it	is	necessary	more	than	ever	for	clinicians
to	fully	understand	all	the	available	options	of	treatment	and	decide	appropriately	which,	where,	when,	and	how	to	use	these	options	for	each	patient.	An	important	recent	clinical	development	in	dental	implant	surgery	is	the	concept	of	"minimally	invasive"	approaches	to	treatment.	Specifically,	there	is	a	new	drive	toward	minimally	invasive	implant
placement.	With	advances	in	technologies,	materials,	and	biologic	sciences	in	dentistry,	this	approach	to	implant	surgery	is	becoming	more	popular	among	clinicians	and	will	most	likely	dominate	the	way	dental	implants	will	be	placed	in	the	near	future.	Minimally	invasive	surgery	in	implant	dentistry	implies	a	surgical	approach	that	minimizes	the
extent	and	number	of	surgeries	while	providing	esthetics,	predictability,	and	longevity	with	minimal	surgical	morbidity	and	discomfort	to	patients.	The	surgical	approach	most	often	required	to	achieve	these	goals	for	anterior	implant	therapy	involves	immediate	implant	placement,	one-stage	surgical	approach,	with	or	without	flap,	and	simultaneous
bone	grafting.	Furthermore,	these	surgical	techniques	need	to	be	guided	by	a	consistent	surgical	strategy	that	provides	predictable	esthetic	results	in	implant	dentistry.	A	minimally	invasive	approach	to	implant	therapy	in	posterior	sextants	in	which	esthetics	is	not	a	major	concern	can	be	predictably	achieved	with	the	use	of	short	wide	implants.	This
chapter	introduces	surgical	strategies	that	enhance	the	esthetic	predictability	in	implant	dentistry.	The	minimally	invasive	surgical	approach	to	manage	difficult	esthetic	and	anatomically	deficient	cases	is	discussed	with	examples.	The	one-stage,	immediate	implant	placement	technique,	which	is	the	foundation	of	a	patient-friendly	approach	to	esthetic
implant	dentistry,	is	presented	in	detail.	The	thought	processes	58	Surgical	Concepts	of	Implant	Therapy	involved	in	case	selection,	their	scientific	rationale,	and	proper	techniques	of	soft	and	hard	tissue	management	are	described	with	cases.	Surgical	Strategy	for	Predictable	Esthetics	Observation	of	and	adherence	to	the	following	surgical	strategies
enhance	predictability	and	outcomes	for	esthetic	dental	implant	surgeries	with	minimal	discomfort	to	patients:	1.	2.	3.	4.	Determine	the	level	of	surgical	esthetic	goal	to	be	achieved.	Visualize	the	final	outcome.	Preserve	existing	tissues	important	for	esthetics.	Always	overbuild	bone	and	soft	tissue	in	augmentation	surgeries.	Immediate	Implant
Placement	for	Predictability	and	Esthetics	Immediate	implant	placement	in	a	one-stage	approach,	in	which	a	healing	abutment	or	provisional	restoration	is	attached	to	the	implant	and	remains	exposed,	provides	more	predictable	preservation	of	the	interproximal	periimplant	gingival	tissue	with	less	patient	discomfort	and	treatment	time.	This
approach	to	implant	placement	is	the	foundation	of	a	minimally	invasive	approach	to	esthetic	implant	dentistry.	However,	as	with	any	surgical	technique,	it	takes	learning	and	practice	to	perform	it	properly.	The	criteria	and	techniques	for	proper	immediate	implant	placement	have	previously	been	established	and	reported	with	successful	long-term
outcomes.	One	of	the	more	difficult	aspects	of	immediate	implant	placement	is	positioning	the	implant	with	sufficient	primary	FIGURE	58.32	A,	Bone	graft	material	is	lightly	packed	into	the	extraction	socket	gap	between	the	labial	wall	and	the	implant	surface.	B,	Diagram	of	crescent-shaped,	free	gingival	graft	tissue	being	harvested	from	the	palate.
C,	Clinical	photograph	of	crescent-shaped,	free	gingival	graft	tissue	positioned	over	the	bone	graft	to	fit	snuggly	in	the	gap	between	the	gingival	wall	and	the	implant	surface.	D,	Crescent-shaped,	free	gingival	graft	is	sutured	in	place	using	5-0	gut	sutures.	The	sutures	pass	through	the	gingival	graft	toward	the	labial	gingival	margin	and	are	tied.	Then,
without	cutting	the	ends,	the	suture	is	passed	over	the	graft	and	tied	to	the	palatal	gingival	tissue.	Three	sutures	are	needed	to	keep	the	graft	in	position.	715	stability	in	an	extraction	socket,	often	without	elevating	a	flap.	The	alveolar	architecture	in	relation	to	the	angle	of	the	implant	to	be	inserted;	the	presence	or	absence	of	a	bone	concavity	apical
to	the	extracted	tooth;	the	amount	of	existing	bone	apical	and	palatal	to	the	extraction	socket,	which	can	provide	primary	stability	for	the	immediate	implant;	and	the	quality	of	the	bone	and	soft	tissues	of	the	ridge	should	all	be	thoroughly	evaluated	clinically	and	radiographically	before	surgery.	Many	clinicians	perform	successful	immediate	implant
placement	without	the	aid	of	3D	scans	[eg,	computed	tomography	(CT)	or	cone-beam	CT	(CBCT)].	However,	if	the	tooth	involved	is	long	and	large	or	if	there	is	an	alveolar	concavity	or	other	anatomic	variations,	the	use	of	a	CT/CBCT	scan	is	advised.	A	major	disadvantage	of	placing	implants	immediately	in	the	changing	alveolar	bone	of	an	extraction



socket	is	that	it	may	result	in	progressive	recession	of	the	gingival	labial	margin	over	the	implant	restoration.	Therefore,	when	placing	an	immediate	implant	with	one-stage	surgical	approach	in	anesthetic	zone,	a	prudent	strategy	would	be	to	improve	the	quality	and	quantity	of	labial	gingival	tissue,	which	seems	to	be	vital	for	the	stability	of	the	labial
gingival	margin	involving	immediate	implants.	One	of	the	most	effective	ways	to	keep	the	implanted	socket	from	collapsing	and	improve	the	labial	gingival	biotype	is	to	simultaneously	fill	the	labial	socket	void	with	particulate	bone	and	augment	the	labial	gingival	tissue	with	soft	tissue.	An	effective	bone	and	gingival	tissue	augmentation	technique
used	with	flapless	immediate	implant	placement	in	a	one-stage	approach	is	the	bone	and	crescent-shaped	free	gingival	grafting	technique.	In	this	technique,	the	space	between	the	inner	surface	of	the	labial	bony	wall	and	the	labial	surface	of	the	implant	is	filled	with	slow-resorbing	mineralized,	freezedried	particulate	bone	allograft	or	particulate
xenograft	to	help	preserve	the	horizontal	dimension	of	the	ridge	(Fig.	58.32,	A).	58	Surgical	Concepts	of	Implant	Therapy	715.el	Determine	the	Level	of	Surgical	Esthetic	Goal	In	dental	implant	therapy,	it	is	important	to	determine	from	the	onset	the	level	of	surgical	esthetic	goal.	To	determine	the	treatment	needs,	it	is	important	to	assess	the	patient's
esthetic	expectations	and	to	consider	their	age,	medical	condition,	time	constraints,	and	finances	as	well	as	the	status	of	existing	soft	and	hard	tissue.	The	ability	and	experience	of	the	clinician	must	also	be	factored	into	the	determination.	The	surgical	esthetic	goal	can	be	ideal,	acceptable,	or	compromised.	An	ideal	surgical	esthetic	goal	(Fig.	58.29)
implies	an	ideal,	complete	surgical	reproduction	of	periimplant	tissue	around	an	implant	restoration.	An	acceptable	surgical	esthetic	goal	(Fig.	58	30)	implies	that	the	esthetics	of	the	final	implant	restoration	and	the	periimplant	tissue	is	not	ideal,	but	both	the	patient	and	the	clinician	accept	it.	Also,	the	hygiene	and	the	long-term	health	of	the
restoration	are	not	compromised.	A	compromised	surgical	esthetic	goal	(Fig.	58.31)	implies	that	the	esthetic,	hygiene,	and	long-term	health	of	the	implant	are	far	below	what	is	acceptable	in	today's	clinical	standard.	In	general,	more	surgeries	are	required	to	achieve	esthetic	results	that	are	close	to	ideal.	The	treatment	time	is	usually	much	longer
and	the	cost	is	much	higher.	There	is	more	surgical	morbidity	for	the	patient,	and	the	ideal	esthetic	outcome	remains	elusive	and	often	is	not	achieved.	Due	to	the	logistic	consequences	of	this	decision,	the	level	of	the	esthetic	goal	should	be	determined	at	the	beginning	of	FIGURE	58.31	Compromised	surgical	esthetic	goal.	Severe	ridge	deficiency
resulted	in	long	implant-supported	fixed	restoration	and	difficult	oral	hygiene	access.	Notice	the	pink	porcelain	used	to	mask	the	increased	length	of	the	crowns.	Soft	tissues	are	obviously	compromised	and	completely	lack	any	semblance	of	normal.	treatment	so	that	the	patient	is	well	informed	about	treatment	costs	and	time	requirements.	Many
clinicians	feel	it	is	overtreatment	to	attempt	ideal	esthetics	for	all	patients.	Visualize	the	Final	Outcome	Once	the	level	of	the	esthetic	goal	is	determined,	the	next	step	is	to	visualize	the	final	outcome.	Determination	of	the	vertical	position	of	the	implant,	quantity	and	quality	of	the	soft	and	hard	tissue	augmentation	needed,	components	of	the	alveolar
tissue	that	need	to	be	preserved	in	surgery,	and	what	surgical	approach	is	most	appropriate	for	the	patient	cannot	be	accomplished	without	first	visualizing	the	final	esthetics	of	the	implant	restoration(s)	involved.	In	simple	cases,	the	visualization	can	be	done	mentally	or	with	the	aid	of	computer	graphic	simulation.	In	more	complex	cases,	a
diagnostic	wax-up	may	be	necessary.	Preserve	Existing	Tissues	Important	for	Esthetics	FIGURE	58.29	Ideal	surgical	esthetic	goal.	Clinical	photograph	of	an	implant-supported	crown	replacing	maxillary	right	cuspid	in	a	20-yearold	female	with	a	high	smile	line.	Soft	tissues	are	full	and	contours	appear	natural.	•.	.	.	,.	~	•..	•	-:-,...	J'.:'..,,~,.	...	···--·	·	,,	-'•-
--~	•.	.•.....	~·~	~·	:	4	_	..	,,	-	.	it'	_	•	·!J,	..	"	.	.	i	:.~	J	t	-	.	·,	,	·.,	-	FIGURE	58.30	Acceptable	surgical	esthetic	goal.	Clinical	photograph	of	implant-supported	crowns	replacing	multiple	missing	maxillary	anterior	teeth	in	a	63-year-old	female	with	a	low	smile	line.	Soft	tissues	are	nearly	full	and	contours	appear	fairly	normal	but	not	ideal.	Once	what	needs
to	be	accomplished	surgically	is	decided	through	visualization	of	the	esthetics	of	the	final	restorations,	the	next	step	is	determining	what	aspects	of	the	soft	and	hard	tissues	need	to	be	preserved	for	a	predictable	esthetic	result.	For	example,	if	the	initial	vertical	position	of	the	interdental	papilla	is	esthetically	compatible	with	the	image	of	the	final
restorations,	it	is	prudent	to	preserve	them	rather	than	needing	to	rebuild	them	after	they	are	lost.	Knowing	what	needs	to	be	preserved	will	help	assist	in	choosing	an	appropriate	surgical	approach.	Always	Overbuild	Bone	and	Soft	Tissue	in	Augmentation	Surgeries	Many	studies	have	shown	that	there	is	rapid	labial	and	vertical	bone	loss	after
extractions,	and	immediate	implant	placement	does	not	stop	the	resorption	process.	Furthermore,	it	has	been	demonstrated	that	soft	and	hard	tissues	grafted	in	augmentation	procedures	to	enhance	esthetics	undergo	extensive	shrinkage	within	3-6	months.	Therefore,	the	deficient	ridge	needs	to	be	overbuilt	by	approximately	30-40%	at	the	time	of
surgery	to	be	esthetically	sufficient	after	the	expected	primary	and	secondary	tissue	shrinkage.	716	PART	3	Oral	lmplantology	Then,	a	crescent-shaped	soft-tissue	graft	is	harvested	from	the	ipsilateral	palate	(Fig.	58.32,	B)	and	transplanted	into	the	labial	recipient	site	coronal	to	the	particulate	bone	graft	(Fig.	58.32,	C)	To	provide/maintain	the	blood
supply	to	the	donor	tissue,	it	is	important	that	the	outer	surface	of	the	crescent	graft	fits	with	an	intimate	contact	with	the	bleeding	lamina	propria	of	the	labial	gingiva.	Proper	suturing	ensures	good	proximity	and	prevents	the	graft	from	being	displaced	coronally	out	of	the	recipient	site	(Fig.	58.32,	D)	The	advantage	of	this	approach	to	gingival
augmentation	is	simplicity	and	minimal	surgical	morbidity.	In	addition	to	providing	a	sealed	protection	for	the	bone	graft,	it	prevents	resorption	of	the	sensitive	labial	crestal	bone.	Preparation	of	the	recipient	site	involves	no	surgical	manipulation	other	than	deepithelialization	as	described.	Gingival	walls	are	completely	intact	with	a	full	blood	supply.
The	donor	site	wound	is	small	(approximately	3	mm	depth	X	3	mm	height	at	the	widest	point)	with	intact	epithelium	around	the	wound,	which	epithelializes	within	a	week	and	causes	minimal	discomfort	for	the	patient.	Since	each	donor	tissue	graft	is	small,	multiple	grafts	can	be	harvested	from	a	single	palate	so	that	multiple	immediate	implants	can
be	augmented	at	same	time.	Furthermore,	this	gingival	augmentation	technique	frequently	improves	an	unfavorable	initial	gingival	margin	because	the	grafted	gingival	margin	is	always	coronal	to	the	existing	gingival	margin.	This	minimizes	a	need	for	other	time-consuming	techniques,	such	as	orthodontic	extrusion,	or	a	delayed	approach	to	implant
placement	when	the	initial	gingival	margin	is	not	esthetic	or	ideal,	as	recommended	by	many	authors.	The	risk-to-benefit	ratio	of	the	crescent	grafting	technique	is	favorable	enough	that	if	the	graft	does	not	survive,	or	if	more	than	expected	horizontal	resorption	of	the	ridge	occurs,	traditional	techniques	(eg,	subepithelial	connective	tissue	graft)	can
be	performed	to	augment	the	results.	This	is	usually	possible	without	refabrication	of	the	implant	restoration	because	the	vertical	height	of	the	interdental	papilla	is	sufficiently	preserved	with	immediate	implant	placement	in	a	onestage	approach.	Certainly,	these	techniques	require	learning	and	practice	to	make	them	effective	in	each	clinician's
hands.	However,	they	present	a	sound	approach	to	what	is	possible	in	hard-	and	soft-tissue	management	for	esthetic	implant	surgery	and	provide	effective	strategies	and	techniques	for	solving	many	difficult	esthetic	cases	in	a	patient-friendly	manner.	Dental	Implant	MicrosurgeryImmediate	Placement	The	success	of	dental	implants	in	extraction	sites
combined	with	immediate	provisionals	for	newly	placed	dental	implants	has	brought	a	convergence	in	restorative	and	surgical	practice	for	treatment	planning	of	dental	implants.	This	convergence	reaches	its	summit	in	the	approach	to	failing	teeth	in	the	maxillary	esthetic	zone.	For	anatomic	reasons,	maxillary	anterior	teeth	are	at	high	risk	for
traumatic	injury	(Fig.	58.36).	Traumatized	teeth	frequently	receive	endodontic	treatment	that	may	be	followed	by	horizontal	or	vertical	root	fracture.	Dentistry's	historic	answer	to	tooth	loss	has	been	the	fixed	bridge.	Tooth	preparation	necessary	for	a	fixed	bridge	often	results	in	significant	reduction	of	tooth	structure.	Inherent	esthetic	limitations	of
fixed	bridges	include	loss	of	gingival	papillae	and	resorption	of	the	buccal	alveolar	plate.	For	these	reasons,	dental	implants	are	a	preferred	choice	for	tooth	replacement	in	the	maxillary	esthetic	zone.	Implant	Microsurgery	Conclusions	Microsurgery	is	associated	with	enhanced	soft-tissue	procedures	and	fine	suturing.	This	is	part	of	the	scope	of
implant	microsurgery	but	additional	benefits	include	dental	implant	drilling	precision.	The	ability	to	discern	minute	dimensional	differences	permits	implant	osteotomy	preparations	centered	exactly	between	reference	points	such	as	adjacent	teeth,	adjacent	implants,	or	buccal	and	lingual	ridge	anatomy	More	profoundly,	the	microscope	allows
immediate	detection	of	subtle	changes	in	drill	position	so	appropriate	feedback	corrections	can	be	applied	to	the	handpiece.	Enhanced	angular	perception	is	also	important.	The	drill's	angular	position	can	be	oriented	relative	to	small	landmarks	such	as	the	implant	platform	The	clinical	science	in	dentistry	has	evolved	to	where	placement	of	dental
implants	and	restoring	them	requires	sufficient	knowledge	in	several	disciplines	of	dentistry.	In	addition	to	mastering	surgical	objectives	and	techniques,	periodontists	must	be	able	to	evaluate	and	accurately	diagnose	(and	treat	or	refer)	a	wide	range	of	related	"restorative"	issues	including	but	not	limited	to	esthetics,	occlusion,	temporomandibular
joint	function,	vertical	dimension,	and	dental-skeletal	relationships.	These	"other"	aspects	of	diagnosis	are	essential	for	the	development	of	an	appropriate	treatment	plan,	which	is	necessary	for	a	successful	outcome	in	esthetic	implant	dentistry.	In	addition,	with	heightened	expectations	of	esthetics	pushing	the	art	and	science	of	dentistry,	it	is
necessary	more	than	ever	for	clinicians	to	fully	understand	all	the	available	treatment	options	and	to	be	able	to	appropriately	determine	which	option	to	choose,	when	to	use	certain	techniques,	and	how	to	apply	them	for	each	patient	scenario.	The	minimally	invasive	approach	and	techniques	presented	in	this	chapter	are	not	the	only	ways	to	manage
difficult	esthetic	cases,	and	some	may	consider	them	controversial.	FIGURE	58.36	X-ray	of	typical	fractured	central	incisor.	58	Surgical	Concepts	of	Implant	Therapy	Surgical	Management	of	Difficult	Cases	(Minimally	Invasive	Approach)	The	cause	of	the	failure	to	satisfy	the	esthetic	needs	of	a	patient	frequently	starts	with	an	inadequate	examination
of	the	soft	and	hard	tissues	surrounding	the	surgical	site	and	the	natural	dentition.	This	can	result	in	an	incorrect	diagnosis,	which	leads	to	incorrect	treatment	plan.	The	wrong	treatment	plan	combined	with	selection	of	inappropriate	surgical	approaches	or	techniques	can	result	in	a	disastrous	esthetic	outcome	and	unnecessary	patient	suffering.	The
first	two	case	presentations	describe	the	examination	and	thought	processes	involved	in	determining	the	diagnosis	and	treatment	planning	of	complex	anterior	cases	with	extensive	alveolar	bone	loss.	The	proper	application	of	the	surgical	strategies	and	the	minimally	invasive	techniques,	previously	described,	are	illustrated.	The	final	case
presentation	illustrates	the	minimally	invasive	approach	to	posterior	implant	therapy	with	the	use	of	short	wide	implants,	in	which	esthetics	is	not	the	major	concern.	Components	of	Esthetic	Examination	The	patient's	chief	complaint,	esthetic	zone,	tooth	positions,	gingival	form,	osseous	crest	position,	biotype,	tooth	shape,	horizontal	and	vertical	ridge
deficiency,	and	occlusal	status	all	play	an	important	role	in	deriving	an	accurate	esthetic	treatment	plan	for	the	patient.	Therefore,	developing	the	necessary	skill	and	knowledge	to	examine	and	recognize	problems	of	these	components	is	an	essential	first	step	to	clinical	success.	Case	Presentation	1	The	first	case	presented	is	a	simultaneous	bone	and
soft-tissue	augmentation	with	multiple	maxillary	anterior	immediate	implants	placed	in	a	one-stage,	flapless	approach.	Patient	Dental	History	and	Chief	Complaint	The	patient	is	a	70-year-old	female	with	severe	mobility	and	discomfort	of	the	maxillary	four	incisors.	Except	for	a	generalized	feeling	of	weakness,	she	is	healthy	and	does	not	have	any
medical	contraindications	for	dental	treatment.	She	presented	with	a	desire	to	replace	her	maxillary	incisors	with	dental	implants,	but	she	is	very	concerned	about	the	physical	discomfort	she	may	experience	from	the	implant	surgery.	She	does	not	want	to	wear	a	removable	prosthesis	at	all,	not	even	for	a	short	time.	She	is	content	with	her	present
dental	esthetics.	Examination	and	Diagnosis	The	maxillary	incisors	exhibit	moderate-to-severe	periodontitis	with	4-	to	7-mm	periodontal	probing	depths.	They	exhibit	severe	(2+)	mobility	with	fremitus.	The	periodontal	and	restorative	prognosis	of	these	teeth	is	poor.	She	has	an	excessive	overbite	with	evidence	of	moderate	mandibular	incisor	wear,
indicating	possible	parafunctional	habits.	Her	incisors	are	slightly	elongated,	but	the	dentogingival	symmetry	is	acceptable	(Fig.	58.33,	A)	The	shape	of	the	incisors	is	slightly	triangular	with	sufficient	interdental	papilla	volume	and	height.	Interproximal	gingival	tissue	is	not	swollen	or	edematous.	Her	gingival	biotype	appears	to	be	on	the	thin	side
with	slight	marginal	inflammation,	and	the	position	of	the	labial	gingival	margins	is	already	high	(ie,	maximal	apical	position).	Any	further	recession	will	be	unaesthetic.	716.el	Radiographic	evaluation	demonstrates	moderate-to-severe	vertical	and	horizontal	periodontal	bone	loss.	The	osseous	crest	position,	in	relation	to	the	gingival	margins,	appears
too	apical	to	provide	adequate	gingival	support	(Fig.	58.33,	B).	The	restorative	and	periodontal	status	of	the	canines	is	healthy.	Treatment	Objectives	Considering	her	age,	reasonable	esthetic	expectation,	concern	for	surgical	morbidity,	and	a	lack	of	willingness	to	wear	a	removable	provisional	prosthesis,	the	treatment	objective	for	this	patient	would
be	to	use	a	surgical	approach	that	minimizes	the	extent	and	number	of	surgical	procedures	while	providing	predictability,	longevity,	and	acceptable	esthetics.	Recommending	orthodontic	extrusion	or	multiple	surgeries	to	achieve	ideal	esthetics	on	this	patient	would	be	considered	an	excessive	treatment	plan	and	would	not	provide	any	additional	value
or	benefits	for	her.	Treatment	Options	Considerations	for	extracting	four	maxillary	incisors	include	the	need	to	remove	sound	porcelain-fused-to-metal	crowns	from	the	canines	to	replace	them	as	part	of	a	6-unit	fixed	prosthesis.	This	option	has	questionable	long-term	functional	and	esthetic	prognosis.	Her	dentition	exhibits	evidence	of	excessive
overbite	and	parafunctional	habit,	which	may	have	contributed	to	the	alveolar	bone	loss	of	the	incisors	in	the	first	place.	The	convex	shape	of	the	ridge	and	the	lack	of	osseous	support	most	likely	result	in	substantial	horizontal	and	vertical	resorption	of	the	edentulous	ridge	under	the	panties	of	the	fixed	bridge,	even	with	extraction	socket	grafting	and
ovate	provisionalization.	This	will	compromise	the	long-term	esthetics.	Even	if	this	patient	can	tolerate	the	temporary	removable	partial	denture,	which	she	said	she	could	not,	this	option	poses	a	considerable	esthetic	challenge.	The	ridge	surrounding	the	extraction	sockets	will	rapidly	lose	vertical	and	horizontal	dimensional	soon	after	the	extractions.
The	loss	of	vertical	height	in	the	interproximal	gingival	areas	creates	an	esthetic	problem	that	is	very	difficult	to	correct.	It	often	requires	multiple	surgeries	that	have	a	high	incidence	of	surgical	morbidity	and	rarely	achieves	the	desired	ideal	esthetic	result.	This	is	especially	true	in	a	case	like	this	in	which	there	is	extensive	periodontal	vertical	and
horizontal	bone	loss.	The	anticipated	vertical	ridge	collapse	after	the	extraction	is	substantial,	even	with	bone	grafting	of	the	extraction	sockets.	More	importantly,	the	need	for	multiple	surgeries	to	achieve	"acceptable"	esthetic	results	for	this	patient	may	be	too	traumatic	for	her.	Extracting	four	maxillary	incisors,	immediately	placing	two	implants,
and	replacing	the	teeth	with	a	4-unit	provisional	fixed	partial	denture	supported	by	two	implants	is	an	acceptable	but	risky	treatment	option.	Immediate	provisionalization	of	the	two	immediately	placed	implants,	with	her	occlusion	and	suspected	parafunctional	habit,	carries	the	risk	of	early	excessive	loading	and	implant	failure.	Additionally,	it	will	be
challenging	to	maintain	the	vertical	and	horizontal	ridge	dimensions	in	the	edentulous	area	under	the	panties.	Most	likely	it	will	require	additional	soft-tissue	augmentation	procedure(s)	to	achieve	"acceptable"	esthetics	in	the	pantie	area	(ie,	missing	central	incisor	area).	Extracting	four	maxillary	incisors,	immediately	placing	four	implants	in	the
sockets,	and	replacing	the	missing	teeth	with	a	4-unit	provisional	fixed	partial	denture	supported	by	four	implants	is	another	acceptable	option.	Splinting	four	provisionals	together	should	provide	sufficient	resistance	and	protection	to	the	implants	from	early	excessive	loading.	Some	FIGURE	58.33	A,	Clinical	photograph	of	periodontally	compromised
maxillary	anterior	teeth	with	long	clinical	crowns.	The	presenting	esthetic	status	is	not	ideal.	However,	the	dentogingival	symmetry	is	fair	as	the	gingival	margin	is	approximately	the	same	for	all	incisors	(cuspids,	laterals,	and	centrals).	B,	Periapical	radiographs	of	the	maxillary	anterior	teeth	reveal	moderate	to	severe	horizontal	periodontal	bone	loss
with	vertical	intrabony	defects.	C,	Simple,	atraumatic	extraction	of	the	maxillary	incisors	reveals	sockets	with	unsupported	interdental	tissues.	Note	that	there	are	no	incisions	or	flap	reflection,	which	has	preserved	the	blood	supply	and	integrity	of	the	interdental	soft	tissues.	D,	Guide	pins	placed	in	prepared	implant	sites	reveal	good	position	within
the	extraction	sockets	achieving	good	primary	stability	from	the	palatal	aspect	of	the	socket.	E,	Implants	with	temporary	abutments	and	crescent	shaped,	free	gingival	grafts	(not	yet	sutured).	F,	Implant	provisional	abutments	are	prepared	and	provisional	restorations	are	fabricated	using	conventional	methods.	G,	One-year	postloading	results	show
nearly	complete	preservation	of	the	interproximal	papilla	height	and	improved	labial	gingival	biotype.	Labial	gingival	margins	are	substantially	coronal	in	position	as	compared	to	the	initial	levels.	H,	The	final	restorations	have	a	more	normal	length	offering	the	patient	a	much	more	youthful	smile.	Preexisting	moderate	to	severe	attrition	is	noted	on
the	incisal	edges	of	the	mandibular	anterior	teeth.	I,	Periapical	radiographs	at	1	year	of	the	implants	with	final	restorations	reveal	good	preservation	of	interproximal	bone	height	with	minimal	saucerization.	The	platform-switched	implant	restorations	likely	contribute	to	the	preservation	of	bone.	58	Surgical	Concepts	of	Implant	Therapy	clinicians	do
not	recommend	placing	implants	next	to	each	other	in	the	lateral	and	central	incisor	positions	because	they	are	often	positioned	too	close	and	it	is	very	difficult	to	create	or	maintain	an	interdental	papilla	that	emulates	an	interdental	papilla	between	an	implant	and	a	tooth	or	between	two	natural	teeth.	However,	the	more	recent	use	of	implants	with	a
platform-switching	design	may	change	the	spatial	requirements	for	achieving	an	interdental	papilla	between	implants.	The	bone	between	implants	appears	to	be	better	protected,	and	as	a	result,	the	vertical	height	of	the	interproximal	tissue	may	be	better	preserved.	If	procedures	are	carried	out	properly,	this	option	can	provide	a	long-term	functional
and	esthetic	result,	with	minimal	discomfort	to	the	patient.	1.	Extract	four	maxillary	incisors	and	replace	them	with	a	conventional	(6-unit)	fixed	prosthesis	supported	by	the	canines.	2.	Extract	four	maxillary	incisors	and	wait	for	healing	of	the	sockets	and	ridge	while	temporarily	replacing	the	missing	teeth	with	a	removable	partial	denture.	Plan	to
place	two	or	four	implants	after	3-6	months	of	healing	using	either	a	one-	or	two-stage	approach.	3.	Extract	four	maxillary	incisors,	immediately	place	two	implants	in	the	lateral	positions	and	replace	the	missing	teeth	with	a	4-unit	provisional	fixed	partial	denture	supported	by	two	implants.	4.	Extract	four	maxillary	incisors,	immediately	place	four
implants	in	the	sockets	and	replace	the	missing	teeth	with	a	4-unit	provisional	fixed	partial	denture	supported	by	four	implants.	Surgical	Strategy	for	Predictable	Esthetics	Due	to	the	patient's	age	and	reasonable	expectation,	the	level	of	the	esthetic	goal	determined	for	this	patient	is	not	ideal	but	is	acceptable.	This	level	of	esthetics	can	be	predictably
achieved	in	a	minimally	invasive,	patient-friendly	manner.	By	mentally	visualizing	the	surgical	and	prosthetic	goal,	an	acceptable	esthetic	outcome	can	be	achieved	for	this	patient	if	the	existing	heights	of	the	interproximal	gingival	tissues	can	be	maintained.	Additionally,	if	the	existing	biotype	and	the	level	of	the	labial	gingival	margin	can	be	overbuilt
with	hard	and	soft-tissue	augmentation,	the	final	esthetic	outcome	is	enhanced.	If	this	can	be	accomplished	with	simultaneous	implant	placement,	it	minimizes	the	number	of	surgeries	required.	In	this	case,	especially	as	the	patient	appears	to	have	parafunctional	habits,	it	is	desirable	to	place	more	implants	and	use	them	to	support	the	immediate
provisionalization.	Considering	all	of	these	treatment	options,	the	treatment	that	is	most	compatible	with	this	patient's	surgical	strategy	for	predictability,	acceptable	esthetics,	and	long-term	results	is	treatment	option	4,	extraction	of	the	incisors	followed	by	immediate	placement	of	four	implants	with	an	immediate	provisional	restoration	supported	by
the	implants.	Treatment	Plan	and	Rationale	Four	maxillary	incisors	are	to	be	extracted,	and	four	implants	placed	immediately	in	a	one-stage	approach	with	simultaneous	bone	and	soft-tissue	grafting.	The	bone	and	crescent-shaped	free-gingival	grafting	technique	is	used	to	overbuild	labial	gingival	biotype.	A	tapered	implant	with	platform-switching
design	is	to	be	used.	The	tapered	design	has	shown	to	promote	primary	stability	in	sockets,	and	the	platform-switching	design	better	maintains	the	interimplant	bone.	An	immediate	provisional	restoration	without	centric	contacts	is	attached	to	the	implants.	716.e3	Treatment	Sequence	In	complex	treatment	involving	dental	implants,	the	treatment
plan	must	be	sequenced	and	coordinated	between	the	restorative	dentist	and	the	surgeon	before	starting	the	treatment.	This	is	especially	true	when	immediate	provisionalization	is	planned.	This	will	enhance	success	and	help	make	the	treatment	more	patient	friendly.	Surgical	Procedure	Once	the	patient	is	anesthetized,	the	incisors	are	extracted
atraumatically,	ensuring	that	gingival	tissues,	especially	the	interdental	papilla	are	not	damaged	(Fig.	58.33,	C).	The	sockets	are	prepared	to	receive	implants	by	removing	the	sulcular	epithelium,	and	by	completely	and	thoroughly	removing	all	granulation	tissue.	Immediately	placed	implants	must	have	complete	primary	stability	at	the	time	of
placement.	Proper	vertical	position,	buccolingual	position,	and	mesiodistal	position,	as	well	as	buccolingual	angulation,	are	all	critical	factors	for	a	successful	outcome.	Implants	in	anterior	sockets	are	prepared	and	placed	toward	the	palate	(Fig.	58.33,	D)	to	ensure	sufficient	labial	bone	thickness	for	labial	margin	stability.	Once	the	provisional	healing
abutments	are	accurately	seated	(may	require	bone	profiler),	the	labial	void	of	the	sockets	are	grafted	with	particulate	bone	and	a	crescent-shaped	free	gingival	tissue	graft	is	harvested	and	placed	over	the	graft	(Fig.	58.33,	E)	as	described	previously	and	in	the	literature.	Using	this	technique,	all	four	teeth	can	be	augmented	in	one	surgery	with
minimal	discomfort	to	the	patient.	Once	the	soft-tissue	crescent	grafts	are	secured	with	sutures,	the	provisional	abutments	are	prepared	for	provisional	crowns.	The	provisional	crowns	(splinted)	are	fabricated	using	conventional	methods	(Fig.	58.33,	F).	Contours	of	the	provisional	crowns	may	need	to	be	modified	as	the	healing	and	remodeling	occurs.
Impression	taking	for	the	final	restoration	is	relatively	easy	because	the	provisional	abutments	placed	at	the	time	of	surgery	and	modified	during	healing	nicely	shape	the	tissues	for	an	optimal	prosthetic	emergence	profile.	Results	The	1-year	result	shows	nearly	complete	preservation	of	the	interproximal	papilla	height,	an	improved	labial	biotype	with
labial	gingival	margins	that	are	substantially	coronal	to	the	original	gingival	margin	level	(Fig.	58.33,	G)	The	final	result	is	crowns	with	a	more	normal	incisor	length	and	a	more	youthful	smile	(Fig.	58.33,	H).	There	is	some	gingival	irregularity	noted,	which	appears	to	be	a	result	of	the	soft-tissue	grafting.	These	areas	could	easily	be	smoothed	with
gingivoplasty,	but	the	patient	refused.	Radiographs	reveal	preservation	of	interproximal	bone	with	minimal	saucerization	around	the	implants	with	a	platform-switch	design	(Fig.	58.33,	I)	After	the	surgical	strategies	described	and	using	minimally	invasive	surgical	techniques,	this	70-year-old	patient	received	immediate	implant-supported	replacement
of	severely	compromised	maxillary	incisors	with	an	acceptable	(or	better)	esthetic	result	and	minimal	treatment	discomfort.	With	one	surgery,	including	the	extractions,	she	was	provided	with	a	fixed	implant	restoration	on	four	implants.	In	the	same	surgery,	the	bone	and	soft	tissue	was	augmented	while	preserving	the	interdental	papilla.	She
experienced	very	little	postoperative	pain	and	was	pleased	with	her	new,	more	youthful-looking	smile.	The	treatment	time	was	only	6	months	from	extraction	to	final	restoration.	She	was	never	without	teeth	and	never	wore	a	removable	prosthesis.	The	improvement	of	the	labial	gingival	margin	was	achieved	without	orthodontic	extrusion	or	multiple
surgeries.	716.e4	PART	3	Oral	lmplantology	Case	Presentation	Case	presentation	2	is	a	simultaneous	extensive	bone	augmentation	with	multiple	mandibular	anterior	immediate	implants	placed	in	a	one-stage	approach	with	labial	flap	reflection.	Dental	History	and	Chief	Complaint	The	patient	is	a	41-year-old	female	with	severe	periodontal	and
endodontic	infection	affecting	her	mandibular	anterior	teeth.	She	is	experiencing	pain,	halitosis,	and	a	bad	taste	in	her	mouth.	She	is	healthy	and	does	not	present	with	any	medical	contraindications	for	dental	treatment.	She	is	frustrated	by	her	current	dental	condition	because	she	recently	replaced	the	crowns	on	the	involved	teeth.	She	understands
the	hopeless	condition	and	would	like	to	replace	the	teeth	with	dental	implants,	but	she	is	apprehensive	about	the	surgical	procedure(s)	and	concerned	the	procedures	will	interfere	with	her	busy	schedule.	She	prefers	a	fixed	provisional	during	the	healing	period	if	possible.	Examination	and	Diagnosis	The	patient's	mandibular	incisors	exhibit	severe
periodontal	and	endodontic	infections	with	periodontal	pockets	extending	to	the	apex	on	several	of	her	teeth.	Porcelain-fused-tometal	crowns	with	overhanging	margins	are	splinted	together.	The	gingival	tissue	is	swollen,	erythematous,	and	heavy	exudation	is	expressed	from	the	gingival	margins	with	palpation	(Fig.	58.34,	A)	She	has	a	difficult	time
brushing	because	of	the	pain	from	the	infection.	Radiographic	evaluation	reveals	severe	generalized	vertical	and	horizontal	periodontal	bone	loss	around	the	incisors	with	endodontic	involvement.	Existing	endodontic	treatment	showed	inadequate	obturation	and	FIGURE	58.34	A,	Splinted	porcelain-fused-to-metal	crowns	with	overhanging	margins	on
mandibular	incisors	that	are	infected.	The	gingival	tissues	are	swollen	with	moderate	to	severe	inflammation.	B,	Radiograph	reveals	severe	generalized	vertical	and	horizontal	bone	loss	from	periodontal	and	endodontic	infections.	C,	Alveolar	bone	shows	extensive	destruction	from	periodontal	and	endodontic	infections.	D,	With	a	surgical	stent,	the
proposed	implant	sites	are	visualized	and	the	surrounding	bone	is	evaluated.	E,	Visualizing	how	the	adjacent	bone	topography	(socket	walls)	will	contribute	to	bone	formation	around	the	implants,	it	is	evident	that	even	without	grafting,	most	of	the	implant	surface	will	become	integrated	with	bone.	F,	Layers	of	resorbable	collagen	membrane	cover	the
bone	graft	material.	58	Surgical	Concepts	of	Implant	Therapy	716.eS	FIGURE	58.34	(cont.)	G,	Full-thickness	periosteal	flaps	are	released,	adapted	around	the	healing	abutments	and	sutured.	H,	Three	months	after	surgery,	the	provisional	restoration	shows	healing	gingival	tissues	with	sufficient	ridge	height	and	volume.	I,	Four-year	results	show
acceptable	esthetic	implant	restorations	in	a	stable	ridge	with	a	wide	zone	of	keratinized,	attached	gingiva.	J,	Periapical	radiographs	at	4	years	demonstrate	good	bone	regeneration	and	maintenance	with	osseointegration	of	all	implants.	apical	seal	(Fig.	58.34,	B).	These	mandibular	incisors	have	poor	periodontal	and	endodontic	prognosis.	The
remaining	dentition	is	stable.	She	is	not	overtly	concerned	with	esthetics,	but	desperately	wants	relief	from	pain,	halitosis,	and	the	bad	taste	in	her	mouth.	Treatment	Objectives	The	immediate	focus	for	this	patient	is	to	make	her	comfortable	by	eliminating	the	source	of	infection	as	soon	as	possible.	However,	considering	her	esthetic	requirements,
concern	for	surgical	morbidity,	and	preference	for	a	fixed	provisional,	an	important	treatment	objective	for	this	patient	would	be	to	identify	a	surgical	approach	that	minimizes	the	extent	and	number	of	surgeries	while	providing	predictability,	longevity,	and	acceptable	esthetics.	Getting	into	a	situation	in	which	multiple	extensive	surgeries	are
necessary	to	achieve	acceptable	esthetics	would	be	difficult	for	both	the	clinician	and	the	patient.	Treatment	Options	1.	Extracting	six	mandibular	incisors	and	replacing	missing	teeth	with	a	removable	provisional	prosthesis	immediately	addresses	the	patient's	chief	complaints,	but	because	of	the	anticipated	severe	ridge	collapse	after	the	extractions,
this	approach	will	most	likely	result	in	a	situation	in	which	multiple	extensive	surgeries	will	be	necessary	to	achieve	acceptable	esthetics.	It	is	common	to	expect	a	loss	of	vertical	height	ranging	from	5	to	10	mm	after	extraction	of	multiple	mandibular	incisors	with	severe	bone	loss.	Surgical	procedures	used	in	an	attempt	to	regain	the	vertical	height	of
the	ridge	for	acceptable	esthetics	in	this	region	carry	substantial	risk	and	morbidity	Once	the	ridge	collapses,	any	vertical	ridge	augmentation	procedure	requires	extensive	labial	flap	releasing	to	close	over	the	grafting	material	and	membrane.	These	large	flaps	often	dehisce	from	the	tension	caused	by	the	lower	lip	muscle	movements	and	require
more	time	to	heal	by	secondary	intention	with	potentially	compromised	outcome.	Even	when	flap	closure	is	maintained,	extensive	labial	flap	releasing	frequently	results,	obliterates	the	vestibular	space,	and	creates	mucogingival	problems,	which	may	require	additional	surgery	to	correct.	The	ridge	augmentation	procedure	can	be	done	on	an
incremental	basis	to	minimize	surgical	complications,	but	the	patient	is	subjected	to	multiple	surgeries	and	prolonged	treatment	time.	Distraction	osteogenesis	is	an	option	to	gain	back	the	lost	ridge	height,	but	there	are	other	problems	associated	with	this	approach,	and	it	also	requires	multiple	patient	visits	with	extended	use	of	a	removable
provisional	prosthesis.	However,	the	biggest	disadvantage	to	this	direction	of	treatment	is	that	whichever	ridge	augmentation	procedure	is	used	to	reconstruct	the	ridge,	it	is	extremely	difficult	to	gain	back	the	vertical	ridge	height	that	was	lost.	The	final	esthetic	result	is	usually	disappointing.	716.e6	PART	3	Oral	lmplantology	2.	Extracting	six
mandibular	incisors	and	augmenting	the	ridge/sockets	with	particulate	bone	graft	using	a	labial	flap	approach	to	completely	remove	granulation	tissues	and	expose	healthy	alveolar	bone	is	better	than	the	first	but	still	requires	considerable	labial	flap	releasing	to	close	over	the	grafting	material	and	barrier	membrane.	There	is	risk	of	flap	dehiscence
during	healing	for	the	reason	mentioned	previously.	Due	to	the	postoperative	swelling	and	ridge	dimensional	changes,	maintaining	the	flap	closure	under	a	removable	provisional	prosthesis	is	difficult.	Complete	bone	regeneration	will	take	6-10	months,	depending	on	the	type	of	bone	grafting	material	used,	and	the	total	treatment	time	will	be
prolonged.	Most	often,	multiple	surgeries	are	required	with	several	provisional	modifications	to	obtain	the	desired	esthetics.	However,	the	biggest	disadvantage	of	this	treatment	option	is	the	inability	to	predictably	reconstruct	the	lost	vertical	ridge	height.	The	final	esthetic	result	is	typically	disappointing,	especially	considering	the	enormous	time
and	effort	invested	in	treatment.	3.	Extracting	six	mandibular	incisors,	immediately	placing	four	implants,	augmenting	the	alveolar	defects	with	particulate	bone	graft	and	resorbable	membranes,	and	replacing	the	missing	teeth	with	a	6-unit	provisional	fixed	partial	denture	supported	by	four	implants	is	the	third	option.	(Note:	It	is	preferable	to	place
implants	in	a	one-stage	approach	and	to	restore	them	with	a	provisional	restoration,	but	the	decision	depends	on	the	relationship	of	the	implants	to	the	surrounding	bone.)	If	implants	are	placed	immediately	using	a	two-stage	approach	(ie,	flap	release	with	primary	closure),	there	will	be	similar	surgical	risks	and	esthetic	limitations	as	described	for
treatment	option	2.	However,	this	option	has	some	advantages	over	treatment	option	2.	The	implants	placed	at	the	time	of	extractions	will	function	as	tent	poles	to	support	the	bone	graft	materials	and	membrane	and	will	be	osseointegrated	and	able	to	support	a	fixed	provisional	restoration	in	approximately	6	months.	This	will	minimize	the	required
time	that	the	patient	will	have	to	endure	a	removable	provisional	prosthesis.	If	the	implant-bone	relationship	is	favorable	enough	to	place	the	implants	in	a	one-stage	approach	(ie,	the	implant	will	be	positioned	in	an	intraosseous	location	or	within	the	bony	envelope	and	not	supracrestal	or	outside	the	bony	envelope),	the	surgical	risks	and	morbidity
will	be	less	and	an	immediate	fixed	provisional	restoration	can	be	delivered	at	the	time	of	the	surgery.	This	treatment	option	more	predictably	preserves	the	vertical	height	of	the	ridge,	and	avoids	the	likelihood	of	severe	ridge	collapse	following	extractions.	Only	this	treatment	option	offers	a	reasonable	possibility	of	providing	anesthetic	implant
restoration;	it	is	accomplished	with	a	minimal	number	of	surgeries	and	less	surgical	risk.	Surgical	Strategy	for	Predictable	Esthetics	Due	to	the	patient's	reasonable	expectation,	the	level	of	the	esthetic	goal	selected	for	this	patient	is	not	an	ideal	level	but	an	acceptable	level.	This	level	of	esthetics	can	be	predictably	achieved	in	a	minimally	invasive,
patient-friendly	manner.	Mentally	visualizing	the	final	result	with	clinical	and	radiographic	data,	an	acceptable	esthetic	outcome	can	be	achieved	for	this	patient	if	the	existing	heights	of	the	lingual	and	interproximal	bone	can	be	preserved	with	grafting.	If	the	implants	can	be	placed	immediately,	they	will	assist	in	preserving	the	alveolar	bone	height
by	acting	as	tent	poles	to	support	the	grafting	material	and	membrane.	The	ridge	will	be	overbuilt	in	anticipation	of	augmentation	tissue/material	shrinkage.	If	the	implant-bone	relationship	is	favorable,	a	one-stage	approach	can	be	used	and	an	immediate	fixed	provisional	restoration	can	be	delivered	at	the	time	of	surgery.	Considering	all	of	these
treatment	options,	the	treatment	that	is	most	compatible	with	this	patient's	surgical	strategy	for	predictability,	acceptable	esthetics,	and	long-term	results	is	treatment	option	3,	extraction	of	the	mandibular	incisors,	immediate	placement	of	implants	(provided	the	implant-bone	relationship	is	favorable),	bone	augmentation	with	particulate	bone	graft
and	barrier	membrane,	and	immediate	fixed	provisional	restoration	supported	by	the	implants.	Again,	provided	the	implant-bone	relationship	is	favorable).	Treatment	Plan	and	Rationale	To	decrease	the	infectious	process,	alleviate	symptoms,	and	improve	tissue	quality,	initial	therapy	consisted	of	patient	education,	oral	hygiene	instructions	with	an
ultrasoft	toothbrush,	chlorhexidine	rinses,	and	1	week	of	antibiotic	therapy	[eg,	Augmentin	500	mg,	by	mouth	(PO),	every	8	h	(q8h)	X	7	days].	Six	mandibular	incisors	will	be	extracted	using	a	labial	full-thickness	flap	reflection	to	ensure	complete	removal	of	the	granulation	tissue	and	to	visualize	the	bony	architecture.	If	the	implant-bone	relationship	is
favorable	for	bone	regeneration	around	the	restoratively	determined	implant	positions	(canines	and	laterals),	implants	are	immediately	placed	in	a	one-stage	approach	with	simultaneous	bone	augmentation,	which	allows	immediate	provisionalization	of	these	implants.	Since	the	bone	in	the	anterior	mandible	is	dense,	sufficient	primary	stability	for
immediate	provisionalization	can	be	easily	achieved.	If	the	bone	architecture	is	unfavorable	for	a	one-stage	approach,	the	implants	are	placed	in	a	two-stage	approach	with	simultaneous	bone	grafting,	barrier	membrane,	and	primary	flap	closure.	If	a	one-stage	implant	placement	is	achieved,	the	implant	position	is	recorded	(ie,	indexed)	at	the	time	of
surgery	for	the	purpose	of	laboratory	provisional	fabrication,	and	the	provisionals	are	delivered	within	1-2	weeks	after	surgery.	The	bulk	of	the	surgical	swelling	should	have	subsided	at	that	time.	An	Essex	provisional	is	delivered	at	the	time	of	surgery	for	temporary	esthetic	replacement	of	the	missing	teeth.	The	patient	is	in	provisional	restoration	for
6	months	to	ensure	implant	integration	and	periimplant	tissue	stabilization.	A	final	restoration	can	be	fabricated	and	delivered	at	that	time.	Treatment	Sequence	Impressions	are	taken	at	the	initial	oral	hygiene	appointment	and	used	to	fabricate	a	surgical	guide	and	an	Essex	provisional	restoration.	During	the	surgical	appointment,	the	anterior
mandibular	teeth	are	extracted,	and	the	surgical	treatments	are	carried	out	as	outlined	in	the	treatment	plan.	The	Essex	provisional	is	delivered,	and	patient	is	dismissed.	If	all	goes	as	planned	and	implants	are	immediately	placed	in	a	one-stage	approach,	the	fixed	provisionals	are	delivered	in	1-2	weeks.	The	fixed	provisional	restoration	is	replaced
with	the	final	restoration	in	approximately	6	months.	Surgical	Procedure	Once	the	patient	is	anesthetized,	the	incisors	are	extracted	with	minimal	damage	to	the	delicate	gingiva.	The	interdental	58	Surgical	Concepts	of	Implant	Therapy	papillae	are	severed	at	the	crest,	and	a	full-thickness	labial	flap	is	reflected.	The	flap	is	designed	with	divergent
vertical	incisions	at	the	mesial	line	angles	of	the	first	premolars	to	facilitate	surgical	access	and	wound	closure.	A	lingual	full-thickness	flap	is	reflected	just	enough	to	expose	the	crest	of	the	lingual	bony	wall.	Granulation	tissue	is	thoroughly	debrided	to	prepare	the	bone	for	implant	placement	and	bone	augmentation	(Fig.	58.34,	C)	The	initial
impression	of	the	extensive	bony	destruction	observed	after	complete	debridement	suggests	that	immediate	implant	placement	may	not	be	possible	and	certainly	immediate	implant	placement	in	a	one-stage	approach	is	doubtful.	However,	when	the	surgical	guide	is	put	in	position,	the	bony	architecture	surrounding	the	proposed	implant	sites
indicates	a	favorable	implant-bone	relationship	(Fig.	58.34,	D)	and	a	good	potential	for	bone	regeneration	around	the	immediately	placed	implants,	even	in	a	one-stage	approach.	Mentally	visualizing	the	final	result	again	with	the	bone	exposed	confirms	that	an	acceptable	esthetic	result	can	be	achieved	for	this	patient	because	the	existing	heights	of
the	lingual	and	interproximal	bone	can	be	preserved	with	immediate	implant	placement	and	bone	augmentation.	It	has	been	documented	in	the	literature	and	confirmed	with	clinical	cases	that	if	implant(s)	are	placed	within	the	bony	envelope	of	the	ridge	(ie,	in	an	intraosseous	relationship	with	the	surrounding	bone),	the	bone	regeneration	potential
around	immediately	placed	implant(s)	is	favorable	even	when	there	is	a	labial	dehiscence.	Furthermore,	when	the	implant	head	is	positioned	at	or	below	the	crest	of	bone	in	an	intraosseous	relationship	to	the	surrounding	bone	and	bone	grafts	are	used	with	barrier	membranes,	bone	will	predictably	fill	to	the	top	of	the	implant	and	integrate	with	the
implant	surface.	Therefore,	the	four	implants	are	placed,	according	to	these	principles,	in	the	sites	determined	by	the	surgical	guide.	The	apical-coronal	position	of	the	implant	is	partially	dictated	by	the	adjacent	level	of	the	bony	wall,	but	care	is	taken	to	avoid	placing	them	more	than	4	mm	below	the	anticipated	labial	gingival	margin	of	the	final
restorations.	The	implants	are	placed	as	far	lingual	as	reasonably	possible	to	maximize	the	distance	from	the	implant	to	the	labial	envelope	of	the	residual	ridge	to	enhance	the	likelihood	of	achieving	an	intraosseous	relationship	with	the	surrounding	bone.	Imagining	how	the	adjacent	bone	topography	(socket	walls)	contributes	to	bone	formation
around	the	implants,	it	is	evident	that	even	without	grafting,	most	of	the	implant	surfaces	will	become	integrated	with	bone	(Fig.	58.34,	E).	Once	a	favorable	potential	for	bone	regeneration	around	the	implants	was	ascertained,	the	decision	to	proceed	with	a	one-stage	implant	placement	approach	was	confirmed.	Long	implants	(15	mm	length)	were
placed	to	ensure	sufficient	primary	stabilization	that,	when	splinted	together,	would	be	capable	of	withstanding	occlusal	loads.	A	rapid	setting	registration	material	was	used	to	register	the	implant	position	for	provisional	fabrication.	Healing	abutments	(5	mm	tall)	were	lightly	secured	to	the	implants	for	the	initial	postoperative	healing	phase.	For
more	complete	bone	regeneration	around	the	implants	and	to	overbuild	the	ridge	dimensions,	the	site	was	augmented	with	particulated	autogenous	graft	and	mineralized	allograft.	A	thin	layer	of	particulated	autogenous	bone	harvested	from	the	ramus	area	was	placed	directly	on	the	implant	surfaces	to	enhance	integration,	and	the	allograft	was
layered	to	overbuild	the	ridge.	Since	only	a	small	piece	of	the	ramus	716.e7	bone	was	harvested,	the	donor	surgical	site	was	minimized	and	postoperative	discomfort	was	minor.	The	grafted	material	was	covered	with	two	layers	of	resorbable	collagen	membrane	(Bio-Gide,	Osteohealth,	Shirley,	NY)	to	isolate	and	protect	the	graft	material	(Fig.	58.34,
F).	The	labial	flap	periosteum	was	adequately	released	to	minimize	flap	tension	during	closure	and	healing.	The	flaps	were	adapted	around	the	healing	abutments	and	sutured	with	interrupted	4-0	chromic	gut	sutures	(Fig.	58.34,	G)	The	mucogingival	junction	and	the	vestibular	depth	were	not	appreciably	altered	because	it	was	not	necessary	to
advance	the	flap	significantly	The	Essex	provisional	was	delivered	to	the	patient,	making	sure	that	the	apical	edges	did	not	cut	the	sutures	or	impinge	on	the	wound	during	the	postoperative	healing	and	probable	swelling.	The	patient	was	dismissed	with	postoperative	instructions.	Ten	days	after	the	surgery	and	after	the	postoperative	swelling	has
mostly	subsided,	the	lightly	secured	healing	abutments	were	removed.	The	laboratory-fabricated	provisionals	were	carefully	placed;	making	sure	to	avoid	tissue	impingement.	Provisional	bridges	should	be	sectioned	before	placing	and	rejoined	after	the	placement	on	the	implants.	The	joined	contacts	should	be	strong	enough	to	avoid	being	separated
during	mastication.	The	patient	should	be	seen	on	a	monthly	basis	to	enforce	good	oral	hygiene	and	to	evaluate	tissue	healing	and	provisional	stability	(Fig.	58.34,	H)	The	provisional	restoration	is	replaced	with	a	final	restoration	in	approximately	6	months.	Results	The	4-year	result	demonstrates	an	acceptable	esthetic	implant	restoration	in	a	stable
ridge	with	sufficient	vertical	height	and	horizontal	volume.	There	is	a	wide	zone	of	keratinized,	attached	gingiva	(Fig.	58.34,	I)	Periapical	radio	graph	(	4	years)	indicates	bone	regeneration	and	maintenance	at	the	top	of	the	implants.	All	implants	are	stable	and	appear	to	be	osseointegrated	(Fig.	58	34,	J).	By	following	the	surgical	strategies	described
and	using	minimally	invasive	techniques,	this	41-year-old	patient	was	provided	with	esthetic	dental	implant	restoration	with	a	minimal	number	of	surgeries	and	treatment	time.	Her	immediate	complaints	were	addressed	without	the	need	for	multiple	extensive	surgeries.	She	did	experience	some	postoperative	pain	and	swelling,	but	her	entire
treatment	required	only	one	surgery	and	the	total	treatment	time	was	only	6	months	from	extractions	to	the	final	restoration.	She	was	provided	immediately	with	an	Essex	provisional	restoration,	which	was	replaced	with	a	laboratory-fabricated	fixed	provisional	restoration	attached	to	the	implants	10	days	after	surgery.	She	was	comfortable
throughout	the	duration	of	the	treatment.	This	surgery	may	appear	very	extensive	and	at	first	impression	not	minimally	invasive.	However,	any	treatment	option	other	than	this	approach	would	most	likely	require	multiple,	more	extensive	surgeries	with	higher	surgical	morbidity	and	much	longer	treatment	time.	More	critically,	because	it	is	difficult	to
reconstruct	vertical	ridge	height	after	it	is	lost,	the	biggest	disadvantage	of	the	other	treatment	options	is	that	the	final	esthetic	result	is	more	often	than	not	disappointing.	Therefore,	even	with	the	extensive	bone	loss	observed	in	this	case,	immediate	implant	placement	in	a	one-stage	approach	with	simultaneous	bone	augmentation	and	immediate
provisionalization	is	considered	by	many	to	be	a	minimally	invasive	and	patient-friendly	approach	to	providing	esthetic	dental	implant	therapy.	716.e8	PART	3	Oral	lmplantology	Case	Presentation	3	Case	presentation	3	illustrates	the	use	of	short	wide-diameter	implants	to	treat	a	severely	resorbed	mandibular	posterior	ridge.	Dental	History	and	Chief
Complaint	The	patient	is	a	65-year-old	female	with	a	severely	resorbed	mandibular	posterior	ridge.	She	is	frustrated	with	her	partial	denture	and	wants	dental	implants	to	give	her	better	"chewing"	ability.	She	does	not	present	any	medical	contraindication	for	dental	treatment,	but	she	is	anxious	about	extensive	dental	surgeries.	The	esthetic	outcome
is	not	a	concern	for	her.	4.	Examination	and	Diagnosis	The	patient's	posterior	ridge	of	the	mandible	shows	extensive	vertical	ridge	resorption	with	a	narrow	band	of	keratinized	gingiva	at	the	crest.	The	ridge	height	is	near	the	floor	of	the	mouth,	with	frenum	and	muscle	pull	on	the	buccal	side	(Fig.	58.35,	A).	The	radiographic	vertical	height	of	the
ridge	measured	from	the	crest	to	the	mandibular	canal	is	approximately	7	mm	(Fig.	58.35,	B).	Clinical	examination	shows	what	appears	to	be	a	narrow	ridge,	but	the	horizontal	width	of	the	ridge	measured	at	the	bony	crest	with	a	caliper	is	approximately	8	mm.	A	3D	scan	(eg,	CT	or	CBCT)	can	confirm	this	finding.	The	typical	anatomy	of	mandibular
and	maxillary	posterior	segments	after	severe	vertical	resorption	cases	often	has	sufficient	ridge	width	for	implant	placement.	5.	Treatment	Objectives	Considering	her	concerns	about	surgical	morbidity,	the	treatment	objective	would	be	to	identify	a	surgical	approach	that	minimizes	the	extent	and	number	of	surgeries	while	providing	predictability
and	longevity.	Attempting	to	reconstruct	the	vertical	height	of	the	deficient	posterior	ridge	with	multiple	extensive	surgeries	would	be	difficult	for	both	the	clinician	and	the	patient.	Treatment	Options	1.	Distraction	osteogenesis	can	provide	sufficient	vertical	height	for	normal	implant	placement,	but	it	most	likely	requires	multiple	surgeries,	may	be
associated	with	high	surgical	morbidity,	and	certainly	increases	treatment	time.	Furthermore,	performing	this	procedure	in	a	severely	resorbed	posterior	mandible	area	is	challenging,	techniquesensitive,	and	skill-dependent.	2.	Interpositional	bone	augmentation	can	provide	sufficient	vertical	height	for	normal	implant	placement,	but	as	with	the
distraction	osteogenesis	approach,	it	requires	multiple	surgeries,	longer	treatment	time,	and	high	surgical	morbidity	of	both	the	donor	and	recipient	sites.	Performing	this	procedure	in	a	severely	resorbed	posterior	mandibular	area	is	challenging,	technique-sensitive,	and	skill-dependent.	Furthermore,	the	ridge	height	initially	gained	using
interpositional	grafts	has	been	shown	to	decrease	during	healing,	and	often,	the	resulting	ridge	is	insufficient	to	place	implants	with	longer	lengths.	3.	Vertical	ridge	augmentation	with	autogenous	monocortical	bone	block	can	provide	vertical	ridge	height	gain,	but	as	with	the	other	two	options,	there	is	increased	surgical	morbidly	of	both	the	donor
and	recipient	sites.	It	will	require	multiple	surgeries	and	longer	treatment	time.	This	surgical	approach	often	requires	extensive	reshaping	of	the	6.	7.	recipient	site	to	maximize	bone	contact	between	it	and	the	donor	bone.	Even	in	the	cases	in	which	the	graft	has	survived,	there	is	substantial	vertical	height	loss	as	the	result	of	postsurgical	resorption.
As	with	the	other	two	options,	the	final	ridge	height	is	often	insufficient	to	place	implants	with	longer	lengths.	Vertical	ridge	augmentation	with	particulate	bone	and	membrane	has	provided	vertical	height	gains	up	to	several	millimeters,	but	depending	on	the	type	of	bone	graft	used,	it	can	increase	treatment	time	substantially.	If	autogenous	bone
graft	is	used,	there	will	be	increased	postoperative	surgical	morbidity	as	the	result	of	the	donor	site	wound.	Maintaining	the	flap	closure	over	the	grafted	ridge	and	membrane	is	difficult,	and	clinicians	have	experienced	increased	surgical	complications.	It	is	a	technique-sensitive	and	skill-dependent	procedure.	Furthermore,	the	vertically	augmented
bone	can	be	unstable,	and	the	resulting	ridge	is	often	insufficient	to	place	implants	with	longer	lengths.	Vertical	augmentation	using	bone	morphogenetic	proteins	(BMPs)	and	space-maintaining	membrane	or	titanium	mesh	has	the	advantage	of	limiting	or	eliminating	the	need	for	donor	sites	to	harvest	autogenous	bone.	However,	many	clinically
important	questions	related	to	the	predictability	of	augmentation	with	biologic	mediators	such	as	BMPs	remain	unanswered.	As	with	other	vertical	augmentation	procedures,	the	surgical	challenge	of	maintaining	flap	closure	over	the	grafted	ridge	and	membrane	or	titanium	mesh	is	difficult.	The	commercially	available	biologic	mediator	such	as	BMP
is	expensive,	and	the	surgical	procedure	is	a	technique-sensitive	and	skill-dependent	procedure.	Implant	placement	with	mandibular	nerve	repositioning	can	provide	the	opportunity	for	placement	of	longer	implants	by	repositioning	the	inferior	alveolar	nerve,	but	there	is	an	increased	surgical	morbidity	and	complications	associated	with	it.	Also,	it	is	a
technique-sensitive	and	skill-dependent	procedure.	Placing	multiple,	short	wide-diameter	implants.	Since	examination	of	the	alveolar	dimensions	reveals	an	8-mm	horizontal	width	and	a	7-mm	vertical	height,	it	is	possible	to	plan	for	the	placement	of	four	short	wide-diameter	implants.	To	increase	the	biomechanical	stability,	the	restorations	are
splinted	together.	Since	bone	dehiscence	is	not	anticipated,	these	implants	can	be	placed	using	either	a	one-stage	or	two-stage	approach,	depending	on	the	clinician's	preference.	A	one-stage	approach	would	further	reduce	the	number	of	required	surgeries	and	treatment	time.	Preparation	of	precise	osteotomy	sites	is	important	for	short	implants	to
ensure	good	stability.	A	mild-to-moderate	amount	(eg,	two	threads)	of	bone	loss	around	short	implants	is	more	significant	than	the	same	amount	of	bone	loss	around	longer	implants	because	it	results	in	a	greater	percentage	of	lost	support	relative	to	the	implant	length.	Treatment	Plan	and	Rationale	Since	there	is	an	8-mm	horizontal	width	and	only	a
7-mm	vertical	ridge	height	at	the	three	distal	implant	sites,	three	5-mm	diameter	X	5-mm	long	implants	are	placed.	A	4-mm	diameter	X	7-mm	long	implants	are	placed	in	the	most	anterior	site	because	the	ridge	is	narrower	(	"'6	mm)	and	taller	("'9	mm).	These	implants	will	be	placed	in	a	two-stage	approach	to	accommodate	the	clinician's	preference,
but	with	58	Surgical	Concepts	of	Implant	Therapy	716.e9	FIGURE	58.35	A,	Severely	resorbed	ridge	in	the	posterior	mandible	in	a	65-year-old	female.	Examination	reveals	a	narrow	band	of	keratinized,	attached	gingiva	at	the	ridge	crest.	B,	Panoramic	radiograph	of	patient	in	(A)	showing	a	limited	vertical	height	of	bone	above	the	inferior	alveolar
nerve	of	approximately	7	mm.	C,	Clinical	view	of	prepared	implant	osteotomy	sites	in	the	posterior	mandible.	Despite	the	severe	vertical	ridge	resorption,	most	of	the	time	there	is	sufficient	ridge	width	in	posterior	sites	to	accommodate	wide-diameter	implants.	D,	One	4-mm-diameter	short	(7-mm)	implant	and	three	5-mm-diameter	short	(5-mm)
implants	were	placed	with	good	initial	stability.	The	bone	width	was	adequate,	and	there	were	no	implant	thread	exposures.	E,	The	final	implant	restorations	were	fabricated	with	gold	occlusal	surfaces	and	splinted	together.	Adequate	interproximal	spaces	were	created	for	oral	hygiene	access.	F,	Periapical	radiograph	(13	months	postloading)	reveals
stable	crestal	bone	height	despite	the	long	crown-to-implant	ratio.	G,	Another	follow-up	periapical	radiograph	(30	months	postloading)	reveals	continued	stability	of	the	crestal	bone	height.	Platform-switched	abutment/restorations,	adequate	biomechanical	support,	and	careful	occlusal	design	contributes	to	bone	preservation	and	maintenance.
716.e10	PART	3	Oral	lmplantology	precise	surgery,	they	could	be	placed	in	a	one-stage	approach.	This	surgery	does	not	require	special	skills,	and	if	the	restorative	treatment	plan	is	properly	executed,	the	use	of	short	implants	will	provide	predictability	and	longevity	E).	The	restorations	have	a	platform-switching	configuration	to	enhance	crestal	bone
preservation,	and	they	are	splinted	together	with	sufficient	embrasure	for	proper	oral	hygiene.	Treatment	Sequence	A	periapical	radiograph,	taken	13	months	after	loading,	shows	a	stable	crestal	bone	level	despite	the	long	crown-toimplant	ratio	of	the	restorations	(Fig.	58.35,	F).	The	implant	abutments	have	platform-switching	design,	which	has	been
shown	to	preserve	crestal	bone.	A	periapical	radiograph,	taken	30	months	after	loading,	shows	long-term	crestal	bone	stability	without	further	bone	loss	around	the	short	wide-diameter	implants	(Fig.	58.35,	G)	This	patient	was	provided	with	a	very	functional	stable	implant	restoration	in	just	3	months	using	short	wide-diameter	implants.	The	other
possible	treatment	options	for	this	patient	would	have	required	multiple	surgeries	and	would	have	increased	the	risk	of	surgical	morbidities	and	complications.	Treatment	time	would	have	been	much	longer	and	the	results	may	have	fallen	short	of	the	treatment	goal.	This	case	offers	a	sound	example	of	how	patients	with	extensive	vertical	bone	loss	in
posterior	regions	can	be	treated	using	short	wide-diameter	implants	with	a	minimally	invasive,	patientfriendly	surgical	approach,	without	sacrificing	predictability	and	longevity	No	special	treatment	sequencing	is	necessary	This	procedure	is	facilitated,	like	all	implant	surgeries,	by	using	a	surgical	stent	and	following	a	proper	restorative	treatment
plan.	Surgical	Procedure	Once	the	patient	is	anesthetized,	a	crestal	incision	is	made,	bisecting	the	existing	band	of	crestal	keratinized	tissue.	Buccal	and	lingual	full-thickness	flaps	are	reflected	to	clearly	visualize	the	full	width	of	the	ridge.	Sutures	can	be	used	to	keep	the	flaps	away	from	the	surgical	site.	Properly	spaced	osteotomy	sites	are	prepared
to	accommodate	one	4-mm	diameter	and	three	5-mm	diameter	implants	(Fig.	58.35,	C).	Implants	are	placed	with	very	good	primary	stability	and	no	bone	dehiscence(s)	(Fig.	58.35,	D)	The	flaps	are	closed	with	a	combination	of	mattress	and	interrupted	sutures.	The	exposure	of	the	implants	and	the	fabrication	of	the	restorations	are	done	3	months
after	the	implant	placement.	Since	the	esthetic	is	not	the	major	concern	for	the	patient,	the	clinician	elected	to	use	gold	metal	occlusal	surfaced	implant	restorations	(Fig.	58.35,	Results	58	Surgical	Concepts	of	Implant	Therapy	717	---·	FIGURE	58.37	Flapless	dental	implant	microsurgery.	surface	level	or	the	angle	of	adjacent	implant	healing	caps.	This
permits	optimal	parallel	positioning	and	depth	of	adjacent	implants.	The	implant	drill	angle	can	also	be	accurately	oriented	to	root	surface	angulation	using	just	3-4	mm	of	root	anatomy	exposed	between	the	cementoenamel	Junction	and	the	osseous	crest.	These	reference	points	are	simply	not	visible	without	a	microscope.	The	detection	of	subtle
angulation	reference	points	and	changes	in	drill	position	permit	feedback	correction,	which	is	important	for	osteotomy	preparation	in	extraction	sockets.	The	microscope-enhanced	accuracy	of	osteotomy	microsurgery	permits	socket	implant	placement	in	an	ideal	position	followed	by	an	esthetic	implant-supported	provisional	(Fig.	58.37).	As	a	flapless
procedure,	this	is	accomplished	with	minimal	patient	morbidity.	Conclusions	Some	of	the	advantages	of	microsurgery	for	extraction	and	implant	placement	have	been	described	with	an	emphasis	on	tissue	management	and	the	ability	to	enhance	visualization	of	details,	which	translates	into	better	results.	This	microsurgery	protocol	advances	dentistry
from	an	era	of	traumatic	tooth	extraction	to	one	of	seamless	immediate	tooth	replacement	using	implant	microsurgery.	Piezoelectric	Bone	Surgery	Ultrasound	has	been	used	for	many	years	in	periodontics	to	remove	tartar,	debride	root	surfaces,	and	to	degranulate	periodontal	defects.	In	the	past	decade,	a	novel	family	of	ultrasonic-powered	devices
has	been	developed	that	is	revolutionizing	maxillofacial	bone	surgery.	A	new	surgical	technique,	known	as	piezosurgery,	was	invented	by	Vercellotti	and	developed	by	Mectron	Medical	Technology.	The	piezosurgery	device	(Fig.	58.51)	consists	of	a	piezoelectric	ultrasonic	transducer	powered	by	an	ultrasonic	generator,	capable	of	driving	a	range	of
specially	designed	cutting	inserts	(Fig.	58.52).	Box	58.6	describes	the	main	cutting	properties	of	piezosurgery	by	Mectron,	and	Box	58.	7	describes	piezosurgery	inserts.	Piezoelectric	bone	surgery	techniques	have	been	developed	for	clinical	applications	in	dentistry	and	are	becoming	state	of	the	art	for	a	variety	of	procedures.	Recently,	Piezosurgery
Medical	expanded	development	of	FIGURE	58.51	Piezosurgery	device	by	Mectron	Medical	Technology.	clinical	applications	to	other	fields	of	medicine.	The	extraordinary	cutting	properties	of	piezoelectric	bone	surgery	have	been	introduced	and	applied	in	maxillofacial	surgery,	cranial	and	spinal	neurosurgery,	and	hand-foot	surgery.	The	most
compelling	characteristics	of	piezoelectric	bone	surgery	are	low	surgical	trauma,	exceptional	control	during	surgery,	and	a	fast	healing	response	of	tissues.	Clinical	studies	demonstrate	that	the	specificity	of	operation	and	the	techniques	employed	with	piezoelectric	bone	surgery	make	it	possible	to	advantageously	exploit	differences	in	hard-	and	soft-
tissue	anatomy.	This	not	only	increases	treatment	effectiveness	but	it	also	improves	postoperative	recovery	and	healing.	Experimental	studies	on	animals	have	shown	faster	tissue	healing	when	compared	to	traditional	cutting	instruments.	Ideally,	surgical	trauma	should	be	minimized	to	obtain	the	optimal	healing,	which	depends	on	gentle
management	of	soft	and	hard	tissues.	Surgery,	by	definition,	alters	normal	physiology	by	interrupting	the	vascular	supply	of	tissues.	The	degree	of	surgical	invasiveness	is	extremely	important	for	the	quality	of	tissue	healing	and	may	effect	whether	wounds	heal	by	repair	or	regeneration.	Indeed,	when	surgical	trauma	is	kept	to	a	minimum	it	generates
enough	stimulation	to	favor	healing	mechanisms	that	lead	to	regeneration.	On	the	other	hand,	surgical	techniques	that	are	more	traumatic	often	lead	to	greater	inflammatory	responses	with	slow	healing	that	may	lead	to	repair	and	scarring	rather	than	regeneration.	For	this	reason,	it	is	desirable	to	choose	the	least-traumatic	surgical	instruments	and
techniques	for	any	surgical	procedure.	Piezoelectric	bone	surgery	was	conceived	and	developed	precisely	to	overcome	the	limits	of	traditional	bone-cutting	instruments	and	to	achieve	the	most	effective	treatment	with	the	least	morbidity.	From	a	mechanical	standpoint,	the	effect	of	burs	or	twist	drills	on	bone	is	characterized	by	lamellar	fracturing	in
areas	adjacent	to	the	cut	surface	and	the	deposition	of	large	bone	fragments	and	debris	in	the	endosteal	spaces.	This	finding	is	thought	to	be,	at	least	in	part,	responsible	for	the	inflammatory	process	that	takes	place	in	the	immediate	postsurgical	wound	healing	and	for	the	delay	of	osteogenesis	observed	in	these	wounds.	On	the	other	hand,	the
micromechanical	cutting	action	of	piezoelectric	bone	surgery	results	in	micronization	of	the	cut	bone	and	does	not	cause	lamellar	fracturing	in	58	Surgical	Concepts	of	Implant	Therapy	717	.el	FIGURE	58.38	A,	Periotome	extraction	of	lateral	incisor.	B,	Noninvasive	extraction	of	lateral	incisor.	Microsurgical	Tooth	Extraction	Tooth	extraction	has	been
traumatic	for	centuries.	Conventional	tooth	extraction	may	require	mucogingival	flaps	and	bone	removal,	resulting	in	compromised	esthetics.	Employing	a	microscope	with	minimally	invasive	principles	reduces	trauma	and	results	in	predictable	esthetic	outcomes.	Instrument	selection	influences	the	trauma	of	tooth	removal.	Periatome	luxation	or
leveraged	mechanical	extraction	employing	tapped	root	anchorage	systems	can	carefully	separate	a	tooth	from	its	surrounding	ligament	and	lift	it	vertically	from	the	socket.	This	limits	injury	to	papillae	and	preserves	natural	gingival	anatomy	(Fig.	58	38).	Subtle	nuances	in	luxation	direction	can	be	microscopically	detected	for	root	removal	in	a	proper
anatomic	path	of	extraction.	Increased	visibility	under	the	microscope	permits	most	extractions	without	mucogingival	flaps.	Greater	visibility	also	permits	atraumatic	sectioning	of	ankylosed	roots	to	leave	alveolar	bone	and	soft	tissue	uninjured.	Apical	granulomatous	lesions	can	be	completely	debrided	with	full	visibility	Such	minimally	invasive
microsurgical	techniques	translate	into	reduced	patient	morbidity	with	enhanced	healing.	Implant	Drilling	in	the	Extraction	Site	Microsurgical	implant	drilling	in	the	extraction	socket	is	unique.	Under	the	microscope,	a	socket	appears	as	large	as	a	room	with	its	apex	and	walls	clearly	visible.	A	different	set	of	skills	is	required	for	socket	drilling.	For
placement	of	maxillary	anterior	implants,	the	most	favorable	bone	lies	to	the	palatal	(Fig.	58.39).	Drilling	therefore	must	be	done	at	an	angle	to	the	palatal	socket	wall.	Twist	drills	innately	track	toward	the	direction	of	less	dense	bone	and	into	the	open	socket.	Drilling	sockets	under	a	microscope	utilizes	visual	feedback	to	constantly	redirect	the	drill
to	the	correct	position	and	angulation.	This	avoids	the	common	mistake	of	an	implant	being	placed	too	far	toward	the	buccal.	With	the	magnification	and	lighting	a	microscope	provides,	implants	can	be	placed	in	the	palatal	socket	wall	with	good	initial	stability	and	ideal	esthetic	position.	Microscope-enhanced	dimensional	and	angular	perceptions
allow	adjustments	to	correct	drilling	speed.	Too	little	or	too	much	drill	pressure	or	excessive	drill	speed	causes	frictional	heat.	This	adversely	affects	implant	osteointegration.	Detecting	micromovement	of	the	advancing	drill	ensures	that	FIGURE	58.39	Palatal	wall	socket	osteotomy.	proper	pressure	and	rotational	speed	are	applied	to	varying	bone
densities	encountered	in	the	socket.	The	angular	velocity	at	the	cutting	edge	of	a	4-mm	drill	is	several	times	faster	than	the	velocity	at	the	cutting	edge	of	a	2-mm	drill.	For	this	reason,	pressure	and	rotation	of	larger	diameter	drills	must	be	decreased	to	compensate	for	their	faster	cutting	speed.	Enhanced	visual	feedback	for	speed	and	pressure
correction	is	accomplished	through	directly	viewing	the	advancing	drill	under	the	microscope.	Bone	Grafting	The	osteotomy	in	an	extraction	socket	is	prepared	in	the	palatal	wall.	This	placement	results	in	a	gap	between	the	implant	and	the	buccal	socket	wall.	To	avoid	displacing	a	particulate	graft,	the	provisional	is	finished	before	a	socket	bone	graft
is	placed.	The	socket	is	filled	with	xenograft	to	within	a	millimeter	of	its	crest.	Xenograft	is	selected	to	reduce	remodeling	resorption	of	the	buccal	bone.	Filtered	bone	from	the	osteotomy	preparation	is	rinsed	with	3%	tetracycline	solution	then	condensed	on	the	top	of	the	xenograft.	Finally,	it	is	covered	with	a	layer	of	microfibrillar	collagen	to	contain
the	graft.	717.e2	PART	3	Oral	lmplantology	FIGURE	58.40	Facial	connective	tissue	graft.	FIGURE	58.41	A,	Screw-retained	provisional	before	finishing.	B,	Screw-retained	provisional	after	finishing.	Buccal	Gingival	Grafting	Recession	on	the	buccal	gingival	margin	around	anterior	implants	placed	in	extraction	sockets	has	been	well	documented.
Multiple	factors,	such	as	the	periodontal	biotype,	presence	or	absence	of	the	buccal	cortical	plate,	surgical	trauma,	implant	position,	and	the	emergence	profile	of	both	the	provisional	and	final	restorations,	are	associated	with	such	recession.	A	subepithelial	connective	tissue	graft	is	therefore	harvested	from	the	palate	and	transferred	into	a	split-
thickness	envelope	incision	on	the	buccal	of	the	implant.	A	connective	tissue	graft	is	done	to	maintain	or	augment	gingival	height	and	thickness	that	may	have	been	lost	as	the	result	of	injury	(Fig.	58.40).	Even	gingival	tissue	at	a	normal	height	can	be	expected	to	recede	as	much	as	1.5	mm	unless	gingival	grafting	is	performed.	Placing	a	subepithelial
connective	tissue	graft	concurrent	with	implant	placement	insures	stability	of	the	postoperative	gingival	level.	Immediate	Provisional	Fabrication	To	preserve	natural	esthetics	and	provide	support	for	gingival	anatomy,	an	implant	provisional	must	emerge	from	the	surrounding	gingival	tissue	exactly	like	the	extracted	tooth.	The	surgical	microscope
gives	dentists	the	visibility	necessary	to	fabricate	ideal	anatomy	for	implant	provisional	crowns	(Fig.	58.41).	Subgingival	provisional	contours	created	under	the	microscope	provide	tissue	support	and	well-finished	margins.	The	provisional	crown	on	the	implant	serves	a	number	of	functions	as	follows:	1.	It	provides	optimal	esthetics	and	function.	2.	It
minimizes	tissue	collapse	by	supporting	the	gingival	tissue	.	3.	It	obturates	the	surgical	extraction	socket	to	contain	particulate	and	soft-tissue	grafts.	Creating	an	implant	provisional	crown	begins	before	the	tooth	is	removed.	A	clear	silicone	impression	captures	the	dentogingival	junction	and	its	proximal	tooth	contours	(Fig.	58.42).	Tooth	color-
matching	is	done	and	a	light-cured	flowable	composite	resin	duplicate	of	the	tooth	is	created	using	the	impression	(Fig.	58.43).	The	duplicate	crown	is	trimmed	to	the	exact	location	of	the	dentogingival	junction	then	hollowed	to	create	a	shell	crown.	It	is	fitted	to	a	screwretained	titanium	provisional	abutment	that	is	opaque	for	a	color	match	(Fig.
58.44).	Great	attention	is	paid	to	the	incisal	edge	position	of	the	shell	crown	before	luting	it	to	the	abutment	with	flowable	composite	resin.	Screw	access	for	removal	of	the	provisional	is	accomplished	by	drilling	through	the	incisal	one-third	of	the	provisional	crown.	.	FIGURE	58.42	A,	Clear	silicone	impression	of	failing	tooth	crown.	B,	Clear	silicone
impression	filled	with	composite.	58	Surgical	Concepts	of	Implant	Therapy	The	luted	abutment	and	crown	are	removed	and	placed	on	a	laboratory	handle	to	facilitate	shaping	and	polishing	(see	Figs.	58.4	7	and	58.48)	Each	provisional	crown	has	a	uniquely	shaped	subgingival	emergence	profile	that	duplicates	the	original	tooth.	Voids	and	rough	edges
are	eliminated,	and	the	provisional	is	carefully	shaped	under	the	microscope	to	provide	gingival	support	(Fig.	58.45).	Shaping	the	provisional	is	accomplished	with	a	12-fluted	finishing	bur,	glass	nail	file,	and	a	prophylaxis	cup	with	pumice.	Attention	to	detail	is	critical.	As	a	final	step,	the	provisional	crown	is	glazed	and	thoroughly	cured.	Light	curing
the	composite	ensures	that	no	free	monomer	is	present	to	irritate	soft	tissue	or	bone.	The	717	.e3	machined	titanium	provisional	abutment	ensures	good	marginal	fit	and	reduces	the	possibility	for	the	loosening.	Immediate	Implant	Occlusion	Early	loading	bone	trauma	is	minimized	in	multiple	immediate	implant	provisional	cases	by	splinting.	Early
loading	bone	trauma	in	single	implant	cases	is	reduced	by	lessening	occlusal	forces.	Symmetric	and	light	mesial	and	distal	proximal	contacts	are	established	and	the	provisional	is	taken	out	of	centric	and	lateral	occlusal	contact	using	1-mm	green	occlusal	indicator	wax.	This	technique	allows	patients	to	leave	the	dental	office	with	a	nonloaded	esthetic
provisional	tooth	securely	anchored	to	the	implant	(Fig.	58.46)	Custom	Impression	Transfer	Coping	A	custom	impression	transfer	coping	is	necessary	to	preserve	and	communicate	gingival	supporting	contours	to	the	ceramicist.	The	chairside-created	provisional	anatomy	must	be	precisely	reproduced	for	the	dental	laboratory	via	the	custom
impression	transfer	coping.	To	make	the	custom	transfer	coping,	an	impression	of	the	gingival	third	of	the	provisional	crown	is	made	with	an	implant	analog	attached	(Fig.	58.4	7).	This	registers	the	implant	platform	orientation	and	preserves	the	provisional	anatomy	The	crown	is	removed,	and	a	standard	impression	coping	is	attached	to	the	implant
analog.	Acrylic	powder	is	filled	into	the	gap	between	the	impression	coping	and	the	clear	silicone	impression.	Monomer	liquid	is	then	infused	into	the	powder	to	create	a	hard	acrylic	copy	of	FIGURE	58.43	Shell	composite	crown	created	from	impression.	FIGURE	58.44	A,	Opaque	titanium	temporary	abutment.	B,	Composite	crown	luted	to	opaque
titanium	temporary	abutment.	FIGURE	58.45	Provisional	supporting	gingival	tissue.	FIGURE	58.46	Provisional	1	week	after	implant	microsurgery.	717.e4	PART	3	Oral	lmplantology	FIGURE	58.47	Clear	silicon	impression	of	provisional.	provisional	anatomy.	Using	a	25-gauge	needle	to	apply	monomer	to	the	powder	from	the	base	up	minimizes
inclusion	of	air	bubbles	in	the	custom	transfer	coping.	For	orientation,	a	mark	is	initially	applied	to	the	labial	of	the	provisional	impression.	It	is	transferred	to	the	custom	transfer	coping	to	provide	orientation	for	the	restorative	dentist	during	final	impressions	(Fig.	58.48).	This	technique	allows	precise	communication	from	the	surgeon	to	the
restorative	dentist	to	the	ceramicist	of	the	anatomy	required	for	a	final	restoration	that	esthetically	supports	gingival	tissue.	FIGURE	58.49	FIGURE	58.48	Custom	impression	transfer	coping	reproducing	emergence	profile.	Final	Implant	Restoration	Final	impressions	are	taken,	using	the	custom	impression	transfer	coping.	Computer-assisted	scanning
and	machining	creates	a	zirconia	abutment	and	zirconia	coping	for	an	allceramic	crown	(Fig.	58.49).	Zirconia	has	the	benefit	of	tissue	A,	Before	microsurgery.	B,	Immediately	after	microsurgery.	C,	Provisional	8	weeks	after	microsurgery.	58	Surgical	Concepts	of	Implant	Therapy	FIGURE	58.50	717.eS	A,	Before	microsurgery.	B,	Immediately	after
microsurgery.	C,	Final	restoration.	biocompatibility	and	light	translucency.	The	sequence	described	ensures	a	final	implant	abutment	and	crown	that	exactly	matches	both	the	provisional	emergence	profile	and	the	original	tooth	shape.	Working	as	a	team,	surgeon,	restorative	dentist,	and	laboratory	technician	can	create	a	final	restoration	in	harmony
with	preserved	gingival	architecture	(Fig.	58.50).	718	PART	3	Oral	lmplantology	-s	I	r--	V)	r-1--	1-C)	C)	(B)·~	(A)	(C).	·i,	(D)	•._	:.	~	I	(F)	(E)	(G)	V)	o...	(H)-	-	___J	LJ.J	(I)	FIGURE	58.52	Specially	designed	cutting	inserts.	A,	Piezosurgery	osteotomy	7	insert:	OT7	(0.5	mm	thick).	B,	Piezosurgery	osteotomy	7	special	insert:	OT7S	(0.35	mm	thick).	C,
Piezosurgery	osteoplasty	1	insert:	OPl.	D,	Piezosurgery	osteoplasty	3	insert:	OP3.	E,	Piezosurgery	implant	site	preparation	1	insert:	lMl.	F,	Piezosurgery	implant	site	preparation	2	insert:	IM2.	G,	Piezosurgery	implant	site	preparation	3	insert:	IM3.	H,	Piezosurgery	periodontal	surgery	2	insert:	PS2.	I,	Piezosurgery	elevation	(of	schneiderian	membrane)
1	insert:	EL	1.	58	Surgical	Concepts	of	Implant	Therapy	719	ana	Cutting	Properties	of	Piezosurgery	by	Mectron	Piezosurgery	is	an	electronic	device	that	generates	ultrasonic	microvibrations	at	variable	frequency.	Its	technology	is	unique	in	the	world	(US	Patent	6,695,047B2)	for	the	characteristic	vibrations	generated	in	parallel	and	variable
frequency	modulation	for	precise	cutting	of	bone	with	different	degrees	of	density.	The	unit	has	a	display	that	allows	the	operator	to	select	either	the	BONE	or	ROOT	operating	modes.	The	BONE	cutting	mode	is	used	to	cut	bone	with	selections	that	are	specific	to	bone	type	or	density.	The	ROOT	mode	is	used	to	shape,	debride,	and	smooth	root
surfaces	(both	external:	periodontal	and	internal:	endodontic).	BONE	OPERATING	MODE	Cortical	Bone	The	basic	low	ultrasonic	frequency	(30	kHz)	is	overmodulated	by	sound	waves	for	cutting	and	removing	small	cortical	bone	fragments.	Spongy	Bone	The	basic	low	ultrasonic	frequency	is	overmodulated	by	sound	waves	that	are	slower	than	those
for	cortical	bone,	which	is	better	for	cutting	and	removing	cancellous	bone	fragments.	ROOT	OPERATING	MODE	Periodontal	Surgery	The	low	ultrasonic	frequency	without	overmodulation	is	set	at	an	ideal	power	level	for	scaling,	debridement,	and	root	planing.	Endodontic	Surgery	The	ultrasonic	frequency	is	set	at	an	ideal	power	level	for	retrocanal



and	intracanal	debridement	after	root	canal	treatment.	The	mechanical	action	of	bone	cutting	takes	place	thanks	to	the	linear	microvibrations	of	inserts	with	a	variable	range	from	20	to	80	µm,	depending	on	efficiency.	Piezosurgery	inserts	are	classified	based	on	their	functional	and	clinical	characteristics.	FUNCTIONAL	CLASSIFICATION	1.	Sharp:
These	inserts	have	sharp	ends	for	osteotomy	and	osteoplasty.	They	are	made	of	nitride	titanium	steel	and	they	are	gold	in	color.	2.	Smoothing:	These	nitride	titanium	inserts	are	diamond	coated	and	gold	in	color.	Their	different	granulometry	produces	a	smoothening	action	that	is	generally	used	to	complete	the	cut	near	soft	tissue.	3.	Blunt:	These	steel
color	inserts	are	characterized	by	rounded	ends	and	are	generally	used	to	refine	the	cut	in	contact	with	soft	tissue.	The	inserts	described	in	the	functional	classification	as	sharp,	smoothing,	and	blunt	have	clinical	classification	codes	that	relate	to	their	specific	use.	CLINICAL	CLASSIFICATION	1.	2.	3.	4.	OT:	The	identification	code	for	inserts	used	to
perform	osteotomy	is	OT	followed	by	a	number.	OP:	The	identification	code	for	inserts	used	to	perform	osteoplasty	is	OP	followed	by	a	number.	EX:	The	identification	code	for	inserts	used	to	perform	extraction	is	EX	followed	by	a	number.	IM:	The	identification	code	for	inserts	used	to	perform	implant	site	preparation	is	/M	followed	by	a	number.
adjacent	bone,	which	may	favor	exposure	and	release	of	bone	morphogenetic	proteins	and	be	responsible	for	the	early	onset	of	osteogenesis	at	these	sites	(see	later).	Furthermore,	there	may	be	a	diminished	inflammatory	response	since	there	is	little	or	no	need	to	remove	damaged	bone	and	surgical	debris	as	compared	to	conventional	rotary-drilled
sites.	Clinical	Characteristics	of	Ultrasonic	Cutting	The	primary	clinical	characteristics	of	the	piezosurgery	cutting	action	include	microprecision,	selective	cutting,	maximum	visibility,	and	excellent	healing.	Microprecision	Piezosurgery	cuts	mineralized	tissues	with	microprecision.	The	cut	is	made	by	mechanical	microvibrations	at	a	linear	range	of
approximately	80	µm	and	a	frequency	of	30,000	times	a	second.	A	sound	wave	is	overmodulated	on	this	base	frequency,	which	generates	a	hammering	action	with	very	little	heat	because	the	mechanical	energy	necessary	to	produce	the	microvibrations	is	very	low.	This	action,	along	with	the	water	spray,	facilitates	removal	of	bone	debris.	Piezoelectric
osteotomies	are	easy	to	create,	but	it	is	important	to	recognize	that	the	technique	and	instrument	handling	are	different	than	the	technique	using	a	traditional	handpiece	with	rotary	instruments.	The	piezosurgery	insert	is	applied	to	the	bone	with	a	relatively	light	stroke	similar	to	the	smooth	precision	used	to	draw	a	picture.	Heavy	pressure	or	force	is
not	required.	Indeed,	the	pressure	applied	by	the	surgeon	to	the	piezosurgery	handpiece	is	much	lower	than	the	pressure	typically	applied	to	a	rotary	or	oscillating	type	handpiece,	which	uses	mechanical	macrovibrations	for	cutting.	This	characteristic	provides	maximum	control	during	surgery	and	makes	this	technique	unique	especially	in	areas	with
delicate	anatomy	720	PART	3	Oral	lmplantology	Selective	Cutting	Piezosurgery	ultrasonic	microvibrations	are	low	frequency	and	selective	for	cutting	mineralized	tissue	only.	These	microvibrations	are	physically	unable	to	cut	soft	tissue.	Clearly,	the	most	significant	demonstrated	benefit	of	piezosurgery	selective	cutting	is	the	ability	to	preserve	the
integrity	of	soft	tissues,	such	as	the	alveolar	nerve,	the	infraorbital	nerve,	the	maxillary	sinus	membrane,	and	the	dura	mater,	while	effectively	cutting	the	mineralized	tissue	(bone)	in	close	proximity	to	these	tissues.	Maximum	Visibility	Piezosurgery	creates	a	surgical	field	that	is	blood	free	during	cutting	because	of	its	cavitation	effect.	Cavitation	is	a
physical	phenomenon	that,	from	a	clinical	standpoint,	happens	with	the	nebulization	of	the	saline	solution.	The	slight	hydropneumatic	pressure	applied	by	piezosurgery	temporarily	stops	bleeding	from	both	hard	and	soft	tissues.	It	is	important	for	the	liquid	pump	to	be	flowing	properly	and	for	the	cutting	action	to	be	intermittent	to	maintain	optimal
surface	microcirculation,	especially	for	long	surgical	procedures.	Tissue	perfusion	resumes	shortly	after	cutting	(and	cavitation	action)	is	stopped.	Excellent	Healing	Clinical	studies	comparing	use	of	piezoelectric	bone	surgery	with	traditional	rotary	instruments	for	third	molar	extractions	and	periodontal	surgery	have	reported	better	recovery	and
fewer	postoperative	symptoms	in	those	treated	with	piezosurgery.	Postoperative	healing	after	piezoelectric	bone	surgery	is	characterized	by	minimal	swelling	and	little	bleeding	and	postoperative	morbidity	is	lower	compared	to	traditional	techniques.	Gingival	tissue	is	typically	light	in	color	when	compared	to	the	appearance	of	autogenous	gel	of
platelet-rich	plasma.	Conclusions	Piezosurgery	is	a	new	surgical	technique	for	bone	surgery	with	many	clinical	applications	in	dentistry.	The	extraordinary	cutting	properties	and	applications	of	piezoelectric	bone	surgery	were	described.	The	most	compelling	characteristics	of	piezoelectric	bone	surgery	are	low	surgical	trauma,	exceptional	precision,
and	fast	healing	response.	As	a	result,	piezosurgery	has	the	ability	to	increase	treatment	effectiveness	while	improving	postoperative	recovery	and	healing.	Although	a	great	deal	of	scientific	research	focuses	on	new	products	for	tissue	engineering	and	bone	regeneration,	the	importance	of	minimal	surgical	trauma	for	optimal	bone	healing	and
regeneration	should	not	be	overlooked.	A	new	appreciation	for	the	effectiveness	of	piezosurgery	has	the	potential	to	redefine	the	concept	of	minimally	invasive	surgery	in	osteotomy	and	osteoplasty	procedures.	Computer-Assisted	Implant	Surgery	Implant	surgical	procedures	have	more	or	less	remained	the	same	since	the	introduction	of
osseointegrated	dental	implants.	In	brief,	implant	placement	surgery	involves	the	use	of	a	full-thickness	flap	elevation	and	a	sequential	series	of	drills	with	increasing	diameters	under	profuse	irrigation	to	create	a	precise	osteotomy	site	in	the	bone	for	the	placement	of	a	dental	implant.	The	site	is	prepared,	and	the	implant	positioned	to	avoid
important	anatomic	structures,	such	as	the	inferior	alveolar	nerve,	sinus	cavities,	and	teeth,	and	to	optimally	support	and	emulate	the	planned	prosthetic	tooth	replacement(s).	Proper	implant	position	is	important	for	optimal	function	and	es	the	tics.	Clinicians	determine	implant	positions	based	on	presurgical	diagnostic	imaging,	study	models,	and	the
use	of	a	diagnostic	wax-up	of	the	planned	tooth	replacement(s).	The	actual	or	final	position	of	the	implant(s)	results	from	the	surgeon's	interpretation	of	diagnostic	information	and	his	or	her	ability	to	translate	that	information	to	the	patient	at	surgery.	Most	often,	the	surgical	"guide"	between	the	diagnostic	information	and	the	patient	is	an	acrylic
stent,	fabricated	by	a	laboratory	technician	that	may	or	may	not	have	precise	guide	channels	for	implant	positioning.	Consequently,	inaccuracies	in	the	stent	fabrication	and	movement	of	the	stent	during	surgery,	as	well	as	variations	in	the	use	of	the	stent	during	surgery,	can	lead	to	imprecise	implant	positioning.	Recent	advances	in	implant	surgical
technology	include	the	following:	•	Computer-imaging	software	used	preoperatively	to	"simulate"	the	implant	position(s)	into	a	virtual	patient,	that	is,	a	3D	computer	image	of	the	patient's	jaw	created	from	the	computed	tomography	(CT)	scan	data.	•	Computer-generated	surgical	guides	with	drill	sleeves	based	on	the	presurgical	"virtual"	implant
positioning	are	used	to	place	implants	more	accurately	in	the	"planned"	locations.	•	Computer-assisted	implant	surgery	(CAIS)	uses	simultaneous	tracking	and	"guidance"	of	the	implant	instrumentation	to	accurately	follow	the	planned	treatment	during	surgery.	The	actual	trend	is	to	use	two	different	approaches:	•	CT	based	images	where	the
correlation	with	the	patient	anatomy	is	done	with	radiomarkers.	•	Novel	real-time	ultrasound	or	contact	probe	3D	mapping,	which	captures	positional	data	at	the	time	of	patient	positioning.	There	is	no	need	for	image	matching	or	fusion.	CAIS	is	the	most	sophisticated	and	perhaps	the	most	promising	of	these	technologies	because	it	has	the	greatest
potential	to	reduce	surgical	time,	minimize	surgical	invasiveness,	and	result	in	a	more	precise	translation	of	implant	planning	to	the	actual	surgical	procedure.	CAIS	immediate	mapping	has	the	advantage	of	an	immediate	chairside	procedure,	which	can	be	performed	without	CT	scan	images.	Understandably,	CAIS	is	also	the	technique	that	requires
the	greatest	amount	of	preparation	and	coordination	of	the	patient,	image	data,	and	surgical	instrumentation.	This	chapter	provides	a	conceptual	overview	of	the	techniques	and	terminology	used	in	CAIS.	Uses	and	Requirements	Computerized	navigation	surgery	evolved	from	early	applications	in	neurosurgical	procedures	and	continues	to	evolve
today	with	applications	in	many	surgical	specialties.	Clearly,	the	advantage	of	using	a	computer	to	assist	surgery	is	the	precision	that	it	offers.	There	is	also	a	real-time	safety	control	obtained	with	multiple	imaging	sources	facilitating	a	minimally	invasive	approach	to	surgical	procedures.	As	in	medicine,	3D	imaging	is	used	in	dentistry	to	facilitate
presurgical	planning	58	Surgical	Concepts	of	Implant	Therapy	Clinical	Applications	There	are	many	important	clinical	applications	of	piezoelectric	bone	surgery	in	dentistry.	In	fact,	nearly	all	techniques	previously	performed	with	burs,	twist	drills,	chisels,	or	oscillating	saws	have	the	potential	to	be	performed	with	piezosurgery.	For	10	consecutive
years	the	author	Tomaso	Vercellotti	has	used	piezosurgery	on	a	daily	basis	for	oral,	periodontal,	and	implant	surgical	procedures,	enabling	him	to	develop	techniques	and	protocols	for	each.	Readers	are	referred	to	online	materials	and	other	publications	for	detailed	descriptions	and	step-by-step	instructions	on	these	piezosurgery	protocols.	A	brief
overview	of	basic	clinical	applications	using	piezoelectric	surgery	is	described	here.	Periodontal	Surgery	The	use	of	piezosurgery	in	periodontal	surgery	simplifies	and	improves	handling	of	soft	and	hard	tissues.	In	resective	periodontal	surgery,	for	example,	after	raising	the	primary	flap	with	a	traditional	technique,	using	a	scaler-shaped	insert	(PS2)
(Fig.	58.53,	A)	or	an	insert	in	the	shape	of	a	rounded	scalpel	(OP3)	makes	it	easier	to	detach	the	secondary	flap	and	remove	inflammatory	granulation	tissue.	This	phase	has	little	bleeding	as	the	result	of	the	cavitation	of	the	saline	solution	(coolant).	With	the	right	inserts	and	power	mode,	the	ultrasound	device	facilitates	effective	scaling,	debridement,
and	root	planing	(Fig.	58.53,	B	and	C).	In	particular,	debridement	with	a	special	diamond-coated	insert	enables	thorough	cleaning	even	for	interproximal	bone	defects	(Fig.	58.53,	D)	The	mechanical	action	of	ultrasonic	microvibrations,	together	with	cavitation	of	the	irrigation	fluid	(pH	neutral;	isotonic	saline	solution)	eliminates	bacteria,	toxins,	dead
cells,	and	debris,	which	creates	a	clean	physiology	for	healing.	Healing	is	improved	by	applying	ultrasound	to	produce	micropits	at	the	base	of	the	defect	to	activate	cellular	response	of	healing	mechanisms.	Autogenous	bone-grafting	material	consists	of	bone	chips	that	are	collected	during	the	piezoelectric	osteoplasty	operation	for	recontouring	bone
irregularities	(Fig.	58.53,	E).	The	result	is	that	this	technology	reduces	the	invasiveness	of	traditional	surgery	by	making	surgery	faster	and	by	ensuring	thorough	cleaning	of	the	periodontium.	It	also	favors	tissue	healing	by	using	bone	removed	in	the	osteoplasty	procedure	to	graft	osseous	defects.	Piezosurgery	in	periodontal	surgery	redefines	the
guidelines	that	mark	the	border	between	resective	treatment	and	regenerative	treatment.	Indeed,	the	choice	between	a	resective	technique	and	a	regenerative	technique	generally	depends	on	the	depth	of	the	bone	defect,	whether	it	is	higher	or	lower	than	3.5	mm.	The	ability	to	work	on	the	bone	defect	with	magnifying	systems	makes	it	possible	to
exploit	the	benefits	of	piezosurgery	microprecision	in	preparing	the	recipient	site	and	stabilizing	micrografts	(Fig.	58.53,	F-H)	Crown	Lengthening	Clinical	crown	lengthening	is	the	most	common	periodontal	surgical	(ostectomy)	operation	performed	in	otherwise	healthy	periodontal	conditions.	The	indication	for	this	procedure	is	usually	associated
with	a	need	or	desire	to	expose	more	tooth	structure	because	of	short	clinical	crowns	and/or	loss	of	clinical	tooth	structure.	In	general,	the	goal	is	to	reposition	720.el	the	periodontal	bone	and	soft	tissues	to	a	more	apical	position	with	appropriate	biologic	dimensions	and	minimal	periodontal	inflammation.	The	clinical	crown	lengthening	technique
entails	performing	a	periradicular	ostectomy	of	a	few	millimeters,	which	allows	repositioning	of	the	periodontal	flap	in	a	more	apical	position.	The	positive	result	obtained	is	that	the	health	of	the	treated	part	is	preserved	even	though	the	normal	gingival	morphology	is	altered.	Clinical	application	must	include	esthetic	assessment,	as	well	as	an
assessment	on	the	position	and	health	of	the	adjacent	periodontium.	The	traditional	surgical	technique	entails	raising	a	fullthickness	flap,	performing	the	ostectomy	with	manual	instruments,	osteoplasty	with	a	bur	for	crest	bone	architecture	recontouring,	periradicular	bone	removal,	root	planing,	and	finally	replacing	the	flap	in	an	apical	position.	The
ostectomy	is	simple	to	perform	using	piezosurgery	in	direct	contact	with	the	root	surface	because	control	of	the	instrument	during	surgery	is	precise,	even	in	very	difficult	proximity	cases	(piezosurgery	OP3	insert).	The	root	planing	phase	can	be	performed	very	effectively	using	blunt	ultrasonic	inserts	(piezosurgery	PP	1	insert).	Saline	solution
cavitation	reduces	bleeding	during	surgery	and	facilitates	debridement	of	the	surgical	area.	This	effect	is	likely	responsible	for	the	excellent	soft-tissue	healing	result,	which	is	always	characterized	by	a	light	color	and	without	edema.	A	histologic	study	conducted	by	Harvard	University	showed	a	better	healing	response	for	bone	and	root	cementum	in
teeth	that	were	crown	lengthened	using	piezosurgery	as	compared	to	teeth	that	were	crown	lengthened	with	traditional	rotary	instruments.	Concerning	the	latter,	the	tungsten	carbide	bur	is	more	favorable	than	the	diamond-coated	bur	for	the	bone	healing	process.	The	crown	lengthening	technique	performed	with	piezosurgery	using	appropriate
inserts	makes	it	possible	to	effectively	reduce	bone	while	preserving	root	surface	integrity.	Tooth	Extraction	Techniques	Today,	tooth	extraction	is	often	the	first	step	in	the	preparation	for	implant	placement.	Maintaining	the	integrity	of	the	alveolar	bone	walls	is	an	essential	part	of	this	process.	Consequently,	whether	an	implant	is	being	placed	at	the
time	of	extraction	or	not,	the	selection	of	instruments	and	techniques	that	minimize	trauma	to	socket	walls	is	critical.	Anatomic	differences	greatly	influence	the	difficulty	of	extraction	and	the	challenge	of	maintaining	alveolar	bone	walls.	A	new	bone	classification	system	has	been	developed	that	makes	it	easier	to	choose	the	best	surgical	tooth
extraction	technique	for	different	anatomic	situations	(Table	58.1).	The	aim	is	always	to	preserve	the	integrity	of	the	alveolar	walls	and	the	morphology	of	soft	tissue.	This	classification	divides	anatomy	into	four	types	depending	on	the	anatomic	characteristics	of	periodontal	biotype	and	anatomy/pathology	of	the	periodontal	ligament.	Classifying
anatomy	into	type	1,	2,	3,	or	4	simplifies	the	diagnosis	and	the	subsequent	surgical	decision.	Each	type	corresponds	to	a	different	anatomic	issue,	which	requires	a	specific	extraction	technique	and	determines	the	most	effective	surgical	instruments.	Type	1	anatomy	describes	a	normal	periodontal	biotype	and	a	normal	periodontal	ligament	(ie,	no
pathology).	This	anatomic	condition	poses	little	surgical	difficulty.	A	traditional	extraction	technique	using	manual	instruments	is	sufficient.	720.e2	PART	3	Oral	lmplantology	FIGURE	58.53	Clinical	case	demonstrating	the	use	of	piezoelectric	bone	surgery	for	periodontal	surgery.	A,	Ultrasonic	scaling	using	piezosurgery	PS2	insert.	B,	Root	surface
debridement	using	piezosurgery	diamond-coated	OPS	insert.	C,	Ultrasonic	root	planing	using	piezosurgery	blunt	insert:	PP1.	D,	lnterproximal	infrabony	defect	with	probe.	E,	Autogenous	bone	chip-harvesting	technique	using	piezosurgery	osteoplasty	insert:	OP3.	F,	Autogenous	bone	grafting	technique.	G,	Collagen	membrane	stabilizing	microbone
grafting.	H,	Flap	repositioned	and	sutured.	58	Surgical	Concepts	of	Implant	Therapy	Type	2	anatomy	describes	a	thin	periodontal	biotype	with	a	normal	periodontal	ligament.	The	surgical	difficulty	for	tooth	removal	is	minimal.	However,	preserving	the	integrity	of	the	thin	alveolar	walls	makes	the	extraction	more	complex.	In	this	situation,	the	normal
displacement	operation	runs	the	risk	of	creating	a	dehiscence	from	fracturing	the	thin	buccal	cortical	plate.	To	avoid	this	risk,	a	root	fractioning	technique	that	makes	it	possible	to	obtain	root	mobility	inside	the	alveolus	to	eliminate	the	risk	of	damaging	the	thin	labial	and	crestal	bone	is	recommended.	Type	3	anatomy	describes	a	normal	periodontal
biotype	with	an	ankylotic	periodontal	ligament.	The	surgical	difficulty	for	tooth	removal	is	high	because	it	is	not	possible	to	obtain	the	mobility	necessary	for	displacement.	The	traditional	technique	uses	a	periradicular	osteotomy	with	burs.	This	is	possible	without	much	consequence	for	mandibular	third	molars	but	results	in	serious	damage	to	the
alveolar	walls	of	all	the	other	teeth.	The	recommended	technique	creates	the	space	necessary	for	extraction	by	operating	only	on	the	root	surface	through	a	root-plasty	maneuver.	The	tooth	is	removed	from	the	socket	by	cutting	the	root	surface	without	touching	the	alveolar	bone.	This	technique	is	easy	to	perform	with	excellent	control	using	specific
piezosurgery	inserts.	Type	4	anatomy	describes	a	thin	periodontal	biotype	and	an	ankylotic	periodontal	ligament,	which	is	a	combination	of	the	challenging	aspects	of	type	2	and	type	3	anatomy	The	surgical	difficulty	for	tooth	removal	is	the	highest.	In	the	anterior	maxilla,	where	esthetics	are	important,	a	root-sectioning	technique	that	divides	the	root
into	segments	with	a	mesial-distal	cut	is	recommended.	This	allows	the	separate	pieces	(eg,	buccal	and	palatal)	to	be	removed	internal	to	the	socket	with	minimal	force	applied	to	the	socket	walls.	Simplified	Tooth	Extraction	In	addition	to	the	techniques	described,	there	is	a	simplified	version	to	assist	most	extraction	operations.	This	technique
consists	of	cutting	the	root	surface	with	a	thin,	cone-shaped	diamond-coated	insert	that	cuts	the	outer	circumference	of	the	tooth	in	manner	similar	to	a	crown	preparation	(Fig.	58.54).	This	operation,	performed	under	magnification,	enables	preservation	of	the	alveolar	bone,	which	is	important	for	the	placement	of	dental	implants.	The	reader	is
referred	to	other	publications	for	more	information	and	details	on	this	technique.	Implant	Site	Preparation	Special	piezosurgery	inserts	developed	for	bone	perforation	have	enabled	the	development	of	a	new	technique	for	ultrasonic	implant	site	preparation	(UISP).	Extensive	experience	gained	over	5	years	using	the	technique	to	prepare	more	than
1500	implant	sites	has	culminated	in	the	development	of	a	protocol	with	significant	clinical	advantages.	The	first	advantage	of	UISP	is	related	to	the	cutting	characteristics	of	piezosurgery,	which	facilitate	differential	preparation	of	the	cortical	and	cancellous	bone.	A	surgical	bone	classification	system	was	developed	that	simplifies	the	diagnosis	and
surgical	decision-making	process	by	exploiting	differences	in	bone	anatomy	(Fig.	58.55).	The	differential	implant	site	preparation	(DISP)	technique	can	be	used	within	the	initial	osteotomy	site	to	correct	the	implant	axis	by	selectively	directing	the	cutting	action	in	the	desired	direction.	DISP	can	also	be	used	in	combination	with	twist	drills	to	facilitate
720.e3	preservation	of	alveolar	crestal	bone	while	achieving	maximum	primary	stability	The	second	advantage	of	UISP	is	the	fast	clinical	healing	of	both	soft	and	hard	tissue.	Animal	research	demonstrates	that	new	bone	formation	(neoosteogenesis)	is	active	at	implant	sites	prepared	with	piezoelectric	bone	surgery	earlier	than	at	sites	prepared	with
traditional	techniques.	A	histomorphometric	study	on	mini-pigs	showed	more	bone	formation	and	a	greater	density	of	periimplant	osteoblasts	at	implant	sites	prepared	with	piezosurgery	as	compared	to	sites	prepared	with	twist	drills.	The	improved	healing	response	observed	at	piezoelectric	bone	surgery-treated	sites	(compared	to	sites	prepared	with
traditional	drills)	may	be	explained	by	differences	in	the	level	of	bone	morphogenetic	proteins	(BMPs),	growth	factors,	and	cytokines.	In	an	animal	study	comparing	the	biomolecular	profile	of	sites	prepared	with	piezoelectric	bone	surgery	or	rotary	drills,	BMP-4	increased	earlier	at	implant	sites	prepared	with	piezoelectric	bone	surgery	As	compared
to	drilled	sites,	the	levels	of	BMP-4	at	piezoelectric	bone	surgery-treated	sites	were	18.5	times	higher	at	7	days,	15	times	higher	at	14	days,	and	2	times	lower	at	56	days.	The	peak	levels	of	BMP-4	were	observed	at	14	days	for	piezoelectric	bone	surgery-treated	sites.	The	level	of	BMP-4	at	drilled	sites	did	not	reach	the	same	level	of	BMP-4	achieved	at
piezoelectric	bone	surgery-treated	sites	until	day	56.	There	was	also	a	greater	increase	in	the	level	of	transforming	growth	factor	p2	(TGF-P2)	cytokine	at	implant	sites	prepared	with	piezoelectric	bone	surgery	techniques.	As	compared	to	drilled	sites,	the	levels	of	TGF-P2	at	piezoelectric	bone	surgery	treated	sites	were	3.	5	times	higher	at	7	days,	19
times	higher	at	14	days,	and	diminished	below	baseline	at	56	days.	The	level	of	TGF-P2	at	drilled	sites	never	exceeded	baseline	levels.	Proinflammatory	cytokine	tumor	necrosis	factor	a,	proinflammatory	and	bone-resorbing	cytokine	interleukin-If	(ILlP),	and	antiinflammatory	cytokine	IL-10	were	also	measured.	In	general,	the	expression	of	these
proinflammatory	cytokines	was	higher	in	the	early	experimental	phases	of	drilled	sites	only,	which	also	showed	more	inflammatory	cells.	The	piezoelectric	bone	surgery-treated	sites	showed	a	higher	expression	of	the	proinflammatory	and	bone-resorbing	cytokine	IL-lP	at	56	days.	This	latter	finding	might	be	indicative	of	bone	remodeling	at	day	56	in
piezoelectric	bone	surgery	treated	sites	(IL-lP	is	involved	in	osteoclast	differentiation).	It	is	assumed	that	the	micronization	of	the	bone	reduces	cut	trauma	while	saline	solution	cavitation	produces	debridement	of	the	osteotomy	surfaces	with	exposure	and	preservation	of	a	high	number	of	BMPs	and	growth	factors.	These	proteins	are	capable	of
increasing	the	mitosis	of	stromal	stem	cells	and	osteoblasts.	The	surgical	technique	entails	an	osteotomy	preparation	using	a	series	of	piezosurgery	insert.	The	preparation	is	initiated	with	the	narrow,	pointed	IMl	insert	(Fig.	58.56,	A).	Parallel	pins	are	used	throughout	the	procedure	to	check	alignment	(Fig.	58.56,	B).	The	2-mm-diameter	IM2	insert	is
used	to	further	prepare	the	osteotomy	(Fig.	58.56,	C).	The	coronal	aspect	of	the	preparation	is	widened	with	the	pilot	2/3	insert	(Fig.	58.56,	D),	and	the	osteotomyis	finished	with	the	IM3	insert	(Fig.	58.56,	E)	Final	cortical	preparation	is	accomplished	with	the	IM4	insert	(Fig.	58.56,	F).	After	pilot	3/4	insert	(Fig.	58.56,	G),	the	implant	osteotomy	is
completed	(Fig.	58.56,	H)	If	desired,	before	implant	placement,	osteoplasty	of	the	crestal	bone	is	possible	with	the	OP3	insert	(Fig.	58.56,	I).	Final	occlusal	view	of	implant	placed	in	a	narrow	ridge	(Fig.	58.56,	J).	720.e4	PART	3	Oral	lmplantology	FIGURE	58.54	Case	demonstrating	use	of	piezoelectric	bone	surgery	for	tooth	extraction.	A,	Radiograph	of
mandibular	incisors	with	severe	periodontal	bone	loss	that	are	to	be	extracted	because	of	a	hopeless	prognosis.	B,	The	piezosurgery	insert	operates	only	on	the	root	surface	without	cutting,	damaging,	or	overheating	the	surrounding	bony	walls	of	the	extraction	socket.	C,	The	piezosurgery	insert	is	directed	at	cutting	the	root	surface	only	(root-plasty)
without	cutting,	damaging,	or	overheating	the	surrounding	bony	walls	of	the	extraction	socket	in	this	simplified	extraction	technique.	D,	Mobility	is	obtained	with	an	elevator	in	a	mesial-distal	direction.	E,	Teeth	are	extracted	with	forceps	after	displacement.	F,	Notice	the	preservation	of	the	alveolar	bone.	The	narrow	socket	walls	are	completely	intact
after	this	root-plasty	extraction	technique.	G,	Implant	placement	and	particulate	bone	grafting	of	extraction	socket	defects.	H,	Flap	closure	and	suturing.	58	Surgical	Concepts	of	Implant	Therapy	(A)	0	2	H	M	720.eS	~3	L	(B)	FIGURE	58.55	Surgical	bone	classification	by	Tomaso	and	Giuseppe	Vercellotti.	A,	Cortical	crestal	thickness	in	millimeters.	B,
Radiographic	cancellous	bone	classification.	FIGURE	58.56	Implant	site	preparation	and	placement.	A,	Piezosurgery	insert	(IMl)	used	to	start	the	implant	site	preparation.	B,	Parallel	pin	in	place	to	check	the	direction	of	osteotomy.	C,	Piezosurgery	2-mm	diameter	insert	(IM2)	for	pilot	osteotomy.	D,	Piezosurgery	insert	for	cortical	preparation	(pilot
2/3).	E,	Cancellous	bone	preparation	with	piezosurgery	insert	IM3.	F,	Piezosurgery	diamond-coated	insert	(IM4)	for	final	cortical	bone	preparation.	720.e6	PART	3	Oral	lmplantology	FIGURE	58.56	(cont.)	G,	Piezosurgery	pilot	insert	3/4	in	action.	H,	Occlusal	view	of	completed	implant	site	preparation.	I,	Osteoplasty	of	crestal	bone	in	the	periimplant
area	using	piezosurgery	insert	OP3.	J,	Occlusal	view	of	well-placed	implant	despite	the	narrow	ridge.	Advanced	Clinical	Applications	Sinus	Lift	Procedures	used	to	lift	the	floor	of	the	maxillary	sinus	for	bone	augmentation	make	it	possible	to	use	dental	implants	to	replace	teeth	in	the	atrophied	posterior	maxilla.	Approaches	to	sinus	lift	techniques
typically	involve	the	use	of	a	lateral	window	or	crestal	osteotomy.	The	lateral	window	approach	enables	the	surgeon	to	visually	see	and	monitor	the	integrity	of	the	sinus	membrane	at	each	step	in	the	process.	The	crestal	osteotomy	approach	is	a	blind	technique	because	it	is	not	possible	to	visually	observe	the	schneiderian	membrane	during
preparation	(ie,	the	orifice	is	limited	in	size	if	being	used	for	implant	placement).	In	some	cases,	when	the	crestal	window	is	slightly	larger	(eg,	when	simultaneous	implant	placement	is	not	anticipated),	the	schneiderian	membrane	can	be	observed	during	the	lift	procedure	(Fig.	58.57).	The	lateral	window	approach	entails	the	opening	of	a	bony	window
through	the	lateral	wall	of	the	maxillary	sinus	cavity.	This	window	is	generally	prepared	in	the	premolar	to	first	molar	area.	The	traditional	technique	using	a	high-speed	rotary	bur	to	remove	bone	runs	a	high	risk	of	damaging	the	schneiderian	membrane,	which	often	results	in	membrane	perforation	(approximately	14-56%	incidence).	In	2000,	a	new
technique	was	developed	that	entails	cutting	an	antrostomy	(lateral	window)	using	piezosurgery.	This	technique	has	greatly	reduced	the	risk	of	membrane	perforation	(approximately	5-7%).	In	a	series	of	100	consecutive	cases,	Wallace	et	al	reported	the	perforation	rate	was	reduced	from	FIGURE	58.57	Schneiderian	membrane	observed	through	the
crestal	osteotomy	prepared	for	sinus	lift	with	piezosurgery	inserts.	Notice	the	membrane	is	exposed	through	the	crestal	bone	and	elevated	without	perforation.	the	average	of	30%	with	rotary	instrumentation	to	only	7%	with	piezosurgery.	The	authors	stated	that	all	incidences	of	membrane	perforation	occurred	during	hand	instrumentation	and	were
not	caused	by	the	piezosurgery	inserts.	The	use	of	piezosurgery	for	lateral	window	osteotomy	has	greatly	reduced	the	incidence	of	membrane	perforation	even	in	cases	of	particularly	difficult	anatomy	with	thin	schneiderian	membranes.	The	surgical	technique	entails	a	lateral	window	osteotomy	that	traces	the	frame	of	the	bony	window,	which	is	then
removed	(Fig.	58.58,	A	and	B).	Separation	of	the	membrane	58	Surgical	Concepts	of	Implant	Therapy	720.e7	FIGURE	58.58	Sinus	bone	augmentation	using	a	lateral	window	approach.	A,	Lateral	window	osteotomy	outline	created	using	a	piezosurgery	diamond-coated	scalpel	(OT1	).	B,	Complete	bony	wall	removal	to	expose	the	schneiderian
membrane.	Notice	the	membrane	is	completely	intact	without	damage	or	perforations.	C,	Initial	membrane	separation	from	the	edges	of	the	lateral	window	using	a	noncutting	piezosurgery	insert	(EL	1	).	D,	Membrane	elevation	with	a	manual	instrument.	E,	Schneiderian	membrane	completely	elevated.	Ball	probe	used	to	evaluate	adequate	height	of
sinus	lift.	F,	Implant	site	is	prepared	with	piezosurgery	inserts	after	sinus	membrane	elevation	for	simultaneous	bone	augmentation	and	implant	placement.	G,	Bone	augmentation	material	is	inserted	and	packed	to	fill	prepared	sinus	cavity.	720.e8	PART	3	Oral	lmplantology	from	the	inner	wall	is	made	using	an	inverted	cone	insert	that	detaches	the
membrane	around	the	perimeter	of	the	bony	window	(Fig.	58.58,	C).	This	reduces	membrane	tension	facilitating	further	separation	and	lifting	with	piezoelectric	or	manual	instruments	(Fig.	58.58,	D-F).	Once	completely	elevated,	bone	augmentation	material	is	inserted	and	packed	and	the	bony	window	is	closed	with	a	collagen	membrane	(Fig.	58.58,
G).	Piezosurgery	simplifies	the	sinus	lift	technique	and	increases	predictability	with	its	selective	cutting	action,	which	enables	surgeons	to	maintain	membrane	integrity.	This	has	resulted	in	a	considerable	reduction	in	patient	morbidity	in	maxillary	sinus	surgery.	Ridge	Expansion	Horizontal	alveolar	ridge	expansion	is	an	extremely	useful	technique	for
increasing	bone	width	and	simultaneously	placing	implants	in	narrow	ridges.	The	great	advantage	is	that	both	augmentation	and	implant	placement	are	accomplished	in	one	surgical	procedure.	A	possible	disadvantage	is	that	crestal	bone	loss	may	be	greater	in	cases	that	begin	with	very	narrow	ridges.	Clinical	and	radiographic	evaluation	of	the	size,
shape,	and	morphologic	characteristics	of	the	alveolar	bone	in	the	ridge	is	necessary	to	determine	whether	to	use	a	ridge	expansion	or	a	traditional	bone	augmentation	technique	(Fig.	58.59,	A).	FIGURE	58.59	Ridge	expansion.	A,	Evaluation	of	narrow	(3-mm	wide)	posterior	mandibular	ridge	with	a	periodontal	probe.	B,	Horizontal	and	vertical
osteotomies	prepared	with	narrow	(0.35	mm)	piezosurgery	insert	(OT75).	C,	Initial	implant	site	preparation	started	with	piezosurgery	insert	IM1.	D,	Screw	expanders	used	to	separate	bone	segments	and	begin	expanding	alveolar	ridge.	E,	Differential	implant	site	preparation	(DISP)	using	piezosurgery	insert	OT4.	F,	Mandibular	ridge	expanded,
implant	sites	prepared,	and	three	implants	simultaneously	placed.	Periodontal	probe	demonstrates	final	ridge	width.	58	Surgical	Concepts	of	Implant	Therapy	In	brief,	it	can	be	said	that	this	technique	exploits	bone	elasticity	so	it	is	necessary	to	know	the	bone	anatomy	of	each	implant	site.	In	particular,	the	morphology	of	the	crestal	bone	and	the
thickness	of	the	buccal	cortical	and	lingual	cortical	plates	in	relation	to	the	amount	of	cancellous	bone	present	in	the	ridge	greatly	influences	the	ease	and	ability	to	prepare	an	osteotomy	and	to	expand	the	ridge.	The	technique	requires	preservation	of	periosteum	integrity	while	elevating	mucogingival	flaps	enough	for	access	to	create	the	appropriate
osteotomy	Piezosurgery	is	an	indispensable	tool	used	to	create	a	horizontal	osteotomy	through	the	alveolar	bone	crest	caused	by	its	precise	(narrow)	cutting	action.	In	some	cases	(eg,	areas	of	dense	bone	with	little	elasticity),	it	may	also	be	necessary	to	make	one	or	two	vertical	cuts	in	the	alveolar	bone	to	allow	ridge	expansion.	The	horizontal
osteotomy	is	expanded	in	subsequent	steps	using	piezoelectric	inserts	for	implant	site	preparation	together	with	screw-type	or	fan-type	expanders	for	increasing	the	diameter	or	section,	respectively	Expanding	a	narrow	ridge	by	the	entire	width	(diameter)	of	the	planned	implant(s)	may	be	challenging	because	of	the	density	of	cortical	bone	and	limited
elasticity	The	need	to	expand	or	displace	the	buccal	cortical	bone	can	be	reduced	(ie,	less	than	the	implant	diameter)	with	rigorous	application	of	DISP	to	the	lingual	cortical	bone	(ie,	preferential	preparation	of	the	lingual	side),	which	is	generally	thicker	than	the	buccal	cortical.	This	is	difficult	to	do	with	traditional	twist	drills	because	they	cannot
limit	cutting	to	one	side	and	tend	to	get	displaced	by	areas	of	dense	bone	into	areas	of	loose	or	missing	bone	(ie,	twist	drills	are	deflected	away	from	dense	cortical	bone).	In	fact,	attempting	to	prepare	the	site	(between	separated	cortical	plates)	with	traditional	drills	can	fracture	the	weaker,	inelastic	buccal	cortical	bone,	making	simultaneous	implant
placement	impossible.	Piezoelectric	bone	surgery	has	radically	simplified	the	ridge	expansion	technique	in	the	horizontal	osteotomy	phase,	which	can	be	performed	with	micrometric	precision,	and	in	the	site	preparation	phase,	which	exploits	the	different	degree	of	cortical	resistance	compared	to	cancellous	bone	(Fig.	58.59,	B-F)	Bone	Harvesting	The
bone	harvesting	technique	using	piezosurgery	is	effective	for	harvesting	bone	fragments	and	for	removing	blocks	of	monocortical-cancellous	bone.	Particulate	Bone	Chip-Harvesting	Technique	Particulate	bone	chips	are	harvested	using	special	osteoplasty	inserts	to	scrape	the	bone	surface.	The	flow	of	the	irrigation	fluid	should	be	reduced	to	prevent
particles	from	being	dispersed	after	harvesting.	The	end	of	the	aspirator	tip	should	be	kept	away	from	the	collecting	particles	or	placed	in	the	opposite	direction	of	the	insert	movement.	720.e9	There	are	two	piezosurgery	inserts	used	for	performing	this	bone	chip-harvesting	technique.	Osteoplasty	insert	1	(OPl)	is	the	most	effective	because	it	is	large
and	quickly	harvests	bone	fragments.	However,	the	size	and	surgical	movement	requires	donor	sites	with	ample	surface	area.	It	is	generally	used	in	bone	grafting	techniques	for	implant	surgery	Osteoplasty	insert	3	(OP3)	is	smaller	and	tends	to	harvest	smaller	bone	fragments	in	any	anatomic	situation.	It	can	be	used	in	any	site	to	collect	bone	for	any
bone	grafting	technique,	but	is	best	used	in	limited	areas	to	harvest	smaller	quantities	of	bone	for	periodontal	osseous	defects.	Clinical	Note.	It	is	advantageous	to	use	0Pl/OP3	inserts	to	collect	bone	(for	grafting	defects)	while	performing	other	procedures	(eg,	in	maxillary	sinus	lift	surgery	while	removing	bone	from	the	lateral	window	osteotomy	or	in
periodontal	surgery	while	recontouring	bone	with	osteoplasty/ostectomy).	Block	Harvesting	Technique	Choosing	an	appropriate	donor	site	and	selecting	the	best	instruments	and	technique	for	harvesting	block	bone	are	important	decisions	in	the	success	of	bone	augmentation	with	monocortical	bone	block	grafts.	Harvesting	block	bone	with
piezosurgery	is	extremely	simple,	precise	and	fast.	The	most	common	donor	sites	for	harvesting	monocortical-cancellous	block	bone	are	the	mandibular	ramus	and	symphysis	(chin).	The	surgical	operation	with	piezosurgery	offers	considerable	precision	and	operating	sensitivity	during	surgery	so	that	the	operator	is	able	to	easily	recognize	differences
in	cortical	and	cancellous	bone	allowing	him/her	to	preserve	the	integrity	of	important	structures.	Harvesting	a	monocortical-cancellous	bone	block	from	the	mandibular	ramus	is	generally	preferable	to	the	symphysis	region	because	of	the	reduced	level	of	morbidity	Evaluation	of	presurgical	3D	scan	images	facilitates	measurements	and	determines
how	much	bone	can	be	harvested	with	respect	to	the	position	of	the	inferior	alveolar	nerve	canal,	the	position	of	molar	roots,	and	the	width	of	the	mandible	in	the	ramus	area.	Osteotomies	performed	with	piezosurgery	allow	an	extremely	precise,	clean,	and	smooth	vertical	cut	through	bone	with	excellent	visibility	The	result	is	that	a	cortical	block	can
be	removed	with	a	portion	of	spongy	bone	and	its	surface	is	extremely	regular	compared	to	blocks	harvested	from	the	chin.	This	technique	is	very	predictable	because	it	facilitates	harvesting	the	maximum	amount	of	bone	with	respect	to	the	donor	site.	By	comparison,	bone	blocks	harvested	using	traditional	rotary	cutting	instruments	reduce	the	width
of	the	cortical	bone	by	at	least	1	mm	circumferentially	around	the	entire	graft.	Furthermore,	traditional	cutting	instruments	are	unable	to	effectively	cut	the	internal	cancellous	bone.	The	result	is	that	the	block	is	detached	by	using	scalpels	or	chisels	to	break	it	away,	which	makes	the	width	irregular.	Subsequently,	it	becomes	necessary	to	further
reduce	the	block	width.	58	Surgical	Concepts	of	Implant	Therapy	and	to	guide	the	surgical	placement	of	dental	implants.	This	allows	precise	positioning	while	avoiding	injury	to	nearby	important	anatomic	structures.	Several	different	approaches	to	computers	have	been	used	in	dental	implant	surgery,	from	simple	imaging	software	to	visualize	the
implant	positions	in	a	3D	virtual	patient	to	more	complex,	simultaneous	image	monitoring	and	instrument	navigation	used	to	perform	surgery	The	use	of	CAIS	requires	precise	and	continuous	coordination	of	the	patient,	the	image	data,	and	the	surgical	instrumentation.	Therefore,	CAIS	requires	an	accurate	alignment	(identification	and	registration)	of
the	patient	with	the	patient's	image	data	(contact	probe	or	ultrasound	3D	mapping	CT	scan	data)	and	a	system	of	tracking	the	precise	movements	of	the	surgical	instrumentation	(eg,	handpiece,	drills)	in	relation	to	the	actual	patient.	A	variety	of	systems	have	been	developed	to	acquire	and	register	image	data	and	to	coordinate	and	track	movements.
These	methods	are	described	in	the	following	sections.	Sequence	of	Steps	The	clinical	sequence	of	steps	required	for	conventional	CAIS	is	as	follows:	1.	Data	acquisition.	The	patient	is	scanned	for	image	data	acquisition	(eg,	CT	scan)	with	fiducial	(artificial)	radiographic	markers	(eg,	stent	with	markers	or	intentionally	placed	pins	or	screws	into	jaw)
or	anatomic	(natural)	markers	such	as	teeth	or	bony	landmarks.	If	fiducial	markers	are	placed	in	a	stent,	the	patient	must	have	it	in	place	when	scanned.	2.	Identification.	The	anatomic	or	fiducial	markers	will	be	identified	with	a	probe	tracked	by	the	system.	If	markers	were	incorporated	into	a	radiographic	stent,	the	stent	will	again	be	placed	in	the
mouth	and	the	markers	identified	by	hand	with	a	probe	tracked	by	the	stereovision	system.	3.	Registration.	After	identification	of	the	predetermined	markers,	the	software	will	indicate	the	best	localization	or	"match"	on	the	arch	between	the	image	data	and	the	patient.	If	registration	is	not	validated,	matching	can	be	improved	with	additional	points.
An	invalidated	registration	may	be	caused	by	an	improper	initialization	or	CT	scan	data.	4.	Navigation.	Ultimately,	the	operator	will	be	able	to	visualize	surgical	instrument	navigation	(movement).	The	drilling	instruments	will	be	guided	to	a	target	point	of	impact	with	a	3D	spatial	orientation.	5.	Accuracy.	Sustained	accuracy	procedures	are	critical
during	surgery	and	should	prove	reliability	in	regard	to	the	system's	overall	accuracy	This	sustained	accuracy	procedure	will	be	done	through	contact	of	the	drill	on	the	handpiece	with	selected	teeth,	by	visualization	of	markers,	which	can	be	viewed	by	the	stereovision	system,	or	repositioning	of	the	radiomarker	stent.	6.	Feedback.	Variations	from	the
ideal	position	can	be	restricted	by	the	software	through	inactivation	of	the	drill	(stopand-go	action)	or	by	an	audible	or	visual	cue.	The	clinical	sequence	of	steps	required	for	CAIS	immediate	mapping	is	as	follows:	1.	Preparation	for	JD	mapping	data	acquisition.	A	removable	attachment	(bracket	or	similar	device)	is	stuck	on	a	nonmobile	tooth	to
support	infrared	markers	for	a	3D	real-time	721	tracking	of	the	patient	position.	If	no	teeth	are	available,	a	mini	implant	can	be	placed	to	hold	a	bracket.	Any	other	tool	with	its	tracking	device	will	be	localized,	in	real	time,	with	the	patient	position.	These	tools	and	patient	position	will	generate	data	in	the	same	referral	time	and	3D	space.	2.	Chairside
JD	mapping	data	acquisition.	a.	Anatomical	3D	contouring	with	a	contact	probe	or	a	similar	device.	Tracking	cameras	are	scanning	in	an	infrared	light	environment,	while	reflecting	markers	(rigid	body)	are	connected	to	a	contra	angle	through	a	rigid	mount.	The	contact	probe	can	be	a	regular	drill	and	its	tip	will	draw	lines	to	contour	teeth	surfaces	or
a	bone	socket	in	case	of	extraction.	Since	a	3D	mapping	is	recorded	at	the	same	time	as	the	patient	is	positioned,	the	inaccuracy	is	limited	to	the	maximum	deviation	(0.3	mm)	of	the	camera's	tracking	systems.	b.	3D	Ultrasound	bone	and	root	contour	acquisition.	An	ultrasound	probe	depth	provides	a	bone	surface	mapping,	point	by	point,	with	a
maximum	deviation	of	0.2	mm	for	10	mm	of	soft-tissue	thickness.	With	this	technology	of	3D	bone	and	soft-tissue	mapping	there	is	no	need	to	match	images.	c.	Navigation.	Can	be	performed	immediately	after	chairside	acquisition.	d.	Accuracy.	Sustained	accuracy	procedures	are	easily	performed	in	a	3D	mapping	real-time	system	by	a	contact	on	a
tooth	or	a	bone	surface.	In	case	of	discrepancy	the	system	can	be	reset	rapidly	to	provide	a	real-time	safety	Advantages	and	Disadvantages	Benefits	and	advantages	of	CAIS	include	the	following:	1.	CAIS	3D	mapping	provides	real-time	matching	position	with	the	patient.	2.	CAIS	3D	mapping	provides	chairside	accurate	3D	bone	surface,	which	will
allow	an	immediate	surgical	procedure	in	most	cases.	3.	Security	features	can	stop	the	rotary	instrument	in	proximity	to	important	structures.	4.	Simulation	can	be	visualized	before	surgery	A	real	3D	simulation	with	a	3D	projected	screen	can	be	visualized	before	and	during	surgery	5.	Implant	position	can	be	planned	before	surgery	6.	Real-time
information	is	provided	to	the	surgeon.	7.	Inexperienced	surgeons	will	improve	their	skill	with	training.	8.	Experienced	surgeons	can	treat	more	challenging	cases	with	greater	comfort	and	confidence.	9.	Surgical	time	is	reduced	using	a	surgical	guide.	10.	Noninvasive	surgery	is	possible;	some	cases	may	be	performed	with	minimal	or	no	flap
reflection.	Limitations	and	disadvantages	of	CAIS	include	the	following:	1.	2.	3.	4.	initial	cost	of	the	system.	increased	installation	time	for	surgery	training	time	is	mandatory	accuracy	depends	on	the	various	components	of	the	system.	5.	inaccurate	data	(eg,	CT	scan,	displaced	markers)	can	lead	to	difficulties	in	registration.	6.	three	anatomic	or
fiducial	markers	must	be	visible.	58	Surgical	Concepts	of	Implant	Therapy	Data	Acquisition	CAIS	CT-Based	Technology	CT	scans	and	the	more-recent	cone-beam	CT	(CBCT)	scans	are	widely	used	for	3D	patient	imaging	(see	Chapter	57).	Factors	that	must	be	considered	when	deciding	to	use	a	CT	scan	include	radiation	exposure,	limitations	in
accuracy,	and	the	possibility	of	diffracted	images	as	a	result	of	metallic	restorations.	The	evolution	of	scanner	technology	(spiral	CT	scan,	CBCT	scan)	has	made	it	possible	to	reduce	the	radiation	dose	to	the	level	of	a	conventional	panoramic	radiograph	while	maintaining	adequate	diagnostic	quality	for	preoperative	implant	planning.	Similar	to	implant
planning	using	conventional	diagnostic	methods,	radiographically	identifiable	markers	are	important	for	CAIS.	However,	unlike	conventional	planning,	in	which	orientation	and	simulation	of	implant	positions	are	related	to	the	planned	prosthetic	crown	positions,	CAIS	markers	must	relate	the	image	data	to	the	actual	patient	anatomy	In	other	words,
the	position	of	the	surgical	instrumentation	(and	ultimately	the	implant)	must	be	related	to	the	scan	image	data	of	the	patient's	jaw	morphology	Thus	it	is	critically	important	to	scan	the	patient	with	markers	that	are	identified	in	the	scan	and	correlated	to	the	patient	at	surgery	Markers	can	be	anatomic	markers,	such	as	teeth	or	specific	bony
landmarks,	or	artificial	markers	(fiducial),	such	as	small	tacks	or	screws	that	are	secured	in	the	bone.	CAIS	Immediate	Mapping	Chairside	real-time	synchronization	between	3D	images	(contact	probe	and	ultrasound)	and	patient	position	allows	a	realtime	accuracy	and,	in	case	of	mismatch,	the	ability	to	perform	a	new	chairside	3D	acquisition	at	any
time	during	the	procedure.	This	accuracy	depends	on	a	rigid	body	tracking	system	with	a	maximum	deviation	around	0.3	mm	without	artifacts	or	deviations	that	can	occur	with	CT	scan	or	CBCT.	An	ultrasound	surface	mapping	will	not	provide	internal	structure	images,	except	root	contours	and	the	sinus	floor.	However,	the	distance	from	the	alveolar
crest	to	the	nerve	canal	can	be	evaluated	on	twodimensional	(2D)	X-ray,	transferred	precisely	to	the	extracted	2D	image	from	a	3D	mapping	image.	If	needed	3D	X-ray	images	can	be	superimposed	on	the	ultrasound	or	probe	mapping.	Identification	and	Registration	After	scan	acquisition,	the	3D	image	data	of	the	patient's	jaw(s)	are	interpreted	by
software	as	anatomic	geometric	elements.	As	previously	stated,	a	sufficient	number	of	markers	(anatomic	or	fiducial)	must	be	identified	in	the	patient's	mouth	to	correlate	the	image	data	with	the	patient	anatomy.	Several	devices	have	been	used	to	capture	the	actual	patient	anatomy	for	registration	with	the	scan	data,	including	a	touch	pointer	and	an
ultrasound	probe.	The	touch	pointer	allows	the	operator	to	touch	specific	anatomic	points	(or	fiducial	markers)	while	a	tracking	device	"sees"	the	instrument	and	records	each	point	of	reference.	This	device	is	fairly	accurate,	but	if	the	clinician	is	not	careful,	there	is	a	tendency	to	define	points	that	are	not	in	contact	to	a	real	surface,	thus	creating	a
false	mapping.	The	ultrasound	probe	has	a	lower	accuracy	than	the	touch	pointer	but	has	the	advantage	of	being	able	to	capture	continuous	data	of	bone	morphology	through	the	mucosa	or	gingiva.	Echo	quality	is	subject	to	variations	with	the	type	of	penetrated	tissue.	Matching	between	the	geometry	of	the	image	data	with	the	patient	anatomy	is
called	registration.	Five	registration	methods	are	used	to	compare	anatomic	points	of	the	preoperative	721.el	image	data	and	the	intraoperative	patient	anatomy:	(1)	pointbased,	(2)	line-based	or	curve-based,	(3)	surface-based,	(	4)	volume-based,	and	(5)	projective	methods.	Point-	and	linebased	methods	are	described	here	to	illustrate	the
requirements	for	an	adequate	registration.	In	the	point-based	method,	a	few	particular	points	are	identified	in	the	preoperative	image	data	and	the	patient	anatomy.	These	can	be	natural	(anatomic	points)	or	artificial	(fiducial)	markers.	In	either	case,	points	must	be	well	defined	and	stable	so	that	they	can	be	precisely	measured.	The	operator	can
manually	click,	with	a	tracking	device,	on	the	point	in	the	patient	corresponding	to	the	image	point.	After	several	points	are	matched,	the	computer	calculates	a	transformation	equation	that	minimizes	the	mean	distance	between	matched	points	to	complete	the	registration.	Three	nonaligned	points	are	necessary	to	obtain	a	nonambiguous	result.	The
registration	accuracy	can	be	predicted,	depending	on	the	distribution	of	points	(eg,	an	equilateral	tripod	will	give	more	accurate	results	than	three	colinear	points).	The	most	intuitive	algorithm	may	be	the	Hough	transformation,	in	which	the	most	simple	geometric	invariant,	the	distances	between	points,	are	computed,	compared,	and	used	to	find	a
triangle	in	the	preoperative	set	of	points	and	a	triangle	in	the	intraoperative	set	of	points	that	shares	similar	edge	lengths.	The	triangle	points	are	then	registered	using	the	best-fit	algorithm.	Once	a	first	estimate	of	the	transformation	has	been	computed,	the	clinician	can	apply	the	transformation	to	the	intraoperative	points.	An	average	accuracy	is
around	0.5-1	mm.	Line-based	or	curve-based	methods	are	derived	from	point-based	methods	but	require	a	few	lines	or	curves	to	be	measured	and	identified.	Artificial	lines	can	be	extracted	from	the	CT	scan	image	data	and	measured	intraoperatively	by	the	operator	with	the	tracking	device.	All	lines	and	surfaces	measured	on	image	planning	(after
segmentation	of	anatomic	structure	of	the	jawbone	in	the	CT	scan),	and	the	points	taken	on	the	patient	anatomy	by	the	tracking	device	are	known	as	a	set	of	points.	These	sets	may	be	dense	or	sparse;	a	segmented	bone	surface	may	have	hundreds	or	thousands	of	points.	However,	it	is	not	practical	to	measure	hundreds	of	points.	When	the	segmented
surface	is	dense,	one	can	assume	that	almost	all	points	measured	with	the	tracking	device	will	be	identified	as	points	of	the	segmented	surface.	Thus,	algorithms	developed	for	the	point-based	registration,	based	on	identification	of	matching	between	the	preoperative	and	the	intraoperative	data,	can	be	easily	adapted.	However,	the	number	of	possible
errors	in	the	identification	process	increases	dramatically	in	line-based	or	curve-based	methods.	Navigation	and	Positional	Tracking	Numerous	commercial	products	exist	for	navigation	or	positional	tracking,	but	few	meet	the	computer-aided	surgery	(CAS)	requirements	in	terms	of	accuracy	(approximately	1	mm	in	1	m3),	reliability,	and	clinical
usability	The	"real-time"	navigational	technology	is	based	on	the	global	positioning	system	technology	Some	of	the	technologies	used	in	medical	CAS	to	track	movement	include	mechanical,	magnetic,	and	optical	tracking	systems.	Mechanical	tracking	systems	use	a	six-axis	coding	robot	with	a	passive	arm.	The	system	is	very	reliable	and	highly
accurate	but	has	limitations	when	more	than	one	instrument	or	patient	marker	needs	to	be	located.	Thus	mechanical	tracking	is	less	desirable	for	CAIS,	which	requires	the	use	of	several	different	instruments	and	multiple	markers.	721.e2	PART	3	Oral	lmplantology	Magnetic	tracking	systems	use	a	magnetic	source	and	a	field	receiver.	The	system
loses	accuracy	in	the	presence	of	magnetic	field	interference.	Relative	inaccuracies	result	from	changes	in	the	magnetic	field,	which	may	be	caused	by	any	metallic	mass	that	may	be	present,	such	as	a	drill	motor	(with	or	without	activation).	Thus	the	obligatory	presence	of	drill	motors	in	the	operatory	during	implant	surgery	makes	magnetic	trackers
impractical	for	CAIS.	Optical	tracking	systems	are	recognized	for	their	dependability	and	accuracy.	Positioning	is	made	by	intersecting	the	vision	plane	between	two	or	three	cameras	to	locate	markers	with	stereovision.	A	passive	system	absorbs	and	processes	ambient	light,	whereas	an	active	system	interprets	reflected	light.	Active	markers	with
infrared	light-emitting	diodes	(IREDs)	have	been	widely	used	with	superb	accuracy	but	are	sensitive	to	reflections	and	interference	with	the	line	of	sight	between	the	IRED	markers	and	the	cameras.	Although	variations	in	optical	localizers	are	adequate	for	medical	applications,	they	need	to	be	improved	for	use	in	dental	implant	surgery.	This	is
particularly	problematic	with	the	typical	seating	arrangement	of	surgeon	and	assistant	(ie,	the	direct	line	of	sight	to	the	cameras	may	be	interrupted	by	the	operators).	A	stereovision	with	natural-light	cameras	is	a	less	expensive	alternative	compared	with	IREDs.	However,	natural-light	systems	are	more	sensitive	to	surrounding	light,	background,	and
the	shape	of	markers.	In	comparison,	infrared	cameras	are	less	sensitive	to	these	light	variations.	With	optical	tracking	devices,	the	surrounding	light	in	the	operatory	is	important,	and	a	headset	light	is	preferred	with	a	camera	sensitive	to	natural	light.	Patient	motion	will	be	tracked	efficiently	if	the	marker	is	stable	during	surgery.	In	case	of	loose
teeth	or	unstable	markers,	cortical	bone	screws	should	be	used.	External	Viewer,	Augmented	Reality,	and	3D	Projection	Screens	Once	registration	between	the	data	and	the	actual	patient	has	been	established,	the	instrumentation	can	be	coordinated	with	the	system	and	observed	by	the	surgeon/operator	(Figs.	58.60	and	58.61).	Instrument	movement
relative	to	the	image	data	(and	through	registration	to	the	patient)	may	be	viewed	on	FIGURE	58.60	Global	setup	for	surgical	navigation.	The	basic	setup	for	a	navigation	system	consists	of	stereovision	cameras	with	several	tools.	The	contra-angle	probe,	the	ultrasound	probe	and	the	patient	jig	need	to	have	markers,	which	are	tracked	by	the	cameras.
The	occlusal	stent,	with	markers	in	the	standard	process	and	without	markers	in	ultrasound	registration,	used	during	computed	tomography	scan	acquisition	will	be	recognized	in	its	three	dimensions	for	prosthetic	planning.	FIGURE	58.61	Images	of	computer	screen	and	surgeon's	view	of	computer-aided	implant	surgery	navigation	simulated	with	dry
mandible.	During	navigation,	the	surgeon	concentrates	on	visual	cues	seen	on	the	eye	viewer.	58	Surgical	Concepts	of	Implant	Therapy	721.e3	the	surgical	field	continuously.	An	augmented-reality	viewer	allows	the	surgeon	to	see	target	data	in	three	dimensions,	superimposed	over	the	surgical	site	through	projected	images	in	both	eyes.	The
augmented-reality	method	allows	the	operator	to	adapt	to	the	system	more	naturally	and	therefore	more	rapidly,	but	there	do	not	appear	to	be	advantages	over	the	use	of	a	2D	side-viewer	devices	in	terms	of	accuracy.	Both	systems	allow	simultaneous	viewing	of	virtual	information	of	the	implant	(axis	and	target)	and	a	real	vision	of	the	surgical	site.
Augmented-reality	devices	are	very	sensitive	to	calibration	before	surgery	and	require	care	and	monitoring	intraoperatively	to	prevent	misalignment	during	the	surgery.	The	relative	stability	of	a	headset	is	critical	to	maintaining	accuracy.	Alternatively,	3D	projection	screens	provide	a	"real	3D	vision"	viewed	on	a	specialized	monitor	(Fig.	58.62)
without	the	need	for	viewers	(ie,	operator	glasses).	FIGURE	58.62	Dental	implant	real-time	navigation	system	with	infrared	stereovision	cameras	and	a	3D	monitor	display	showing	the	reconstruction	of	a	computed	tomography	scanned	mandible.	an	external	monitor,	visually	projected	in	the	surgeon's	field	of	vision	(resulting	in	a	superimposed	visual
image	seen	over	the	surgical	field)	using	a	head-mounted	projection	system	or	projected	on	a	3D	projection	screen	(Fig.	58.62).	In	this	manner,	the	image	on	the	external	monitor	(Fig.	58.61),	the	surgical	field,	or	the	3D	projection	screen	(Figs.	58.63	and	58.64)	will	guide	the	surgeon	to	perform	the	planned	procedure.	Side	viewers	display	target	data
in	two	dimensions	and	require	the	surgeon	to	look	away	from	the	surgical	field.	However,	see-through	viewers	display	target	data	transparently	in	the	surgeon's	field	of	view	and	allow	the	operator	to	observe	FIGURE	58.64	Screen	views	available	during	surgery.	Upper	left,	Simulated	implants	in	green	and	red.	The	computed	tomography	(CT)	scan
reconstruction	of	the	mandible	and	teeth	is	observed	in	yellow.	Surface	mapping	of	bone	and	crown	morphology	(dark	green/blue)	obtained	from	ultrasound	or	optical	scanner.	The	computer	compares	the	data	from	the	3D	topography	to	the	2D	X-ray.	Lower	left,	The	2D	X-ray	is	matched	to	a	3D	topography	of	the	patient	"matrix"	with	the	simulated
implant	positions	in	green	and	red.	Upper	right,	The	target	and	position	of	the	drill/implant	are	observed.	Lower	right,	Real-time	navigation	with	a	combination	of	superimposed	images	from	a	2D	X-ray,	optical	scanner,	CT	scan,	and	3D	ultrasound.	FIGURE	58.63	Conventional	X-ray	and	ultrasound	acquisition	for	alveolar	bone	topography	(light	brown,
lower	left)	combined	with	an	optical	scan	image	showing	crown	and	alveolar	bone	morphology	(dark	green).	The	implant	position	is	shown	in	red.	This	two-dimensional	view	is	obtained	without	a	computed	tomography	scan.	721.e4	PART	3	Oral	lmplantology	Two	types	of	3D	projection	screens	are	available	as	follows:	1.	The	multiplane	device	has	a
screen	that	provides	three	simulated	real-time	planes.	The	object	is	projected	in	the	screen	with	a	backfield	simulated	projection.	A	plane	within	the	screen	surface	and	the	forward	plane	are	at	a	maximum	focus	of	10-20	cm.	This	device	provides	a	3D	view	that	is	extremely	dependent	on	the	shape.	2.	A	new	generation	device	uses	nanolenses	on	each
pixel	of	screen	resolution.	It	provides	a	natural	light-splitting	effect	similar	to	the	effect	of	a	natural	eye	separating	the	three	basic	colors.	Consequently,	it	is	perceived	as	a	natural	view.	A	lateral	displacement	of	the	operator's	head	provides	8-12	simulated	views,	which	together	create	a	natural	"volume"	effect.	No	adaptation	time	is	required	and
viewing	is	intuitive.	This	3D	projection	screen	technology	cannot	provide	a	true	holographic	3D	view	because	of	the	eye's	plane	of	focus	on	a	flat	screen,	but	it	does	provide	a	3D	"real	volumetric	view."	The	actual	3D	projected	screen	technology	does	not	provide	enough	high-quality	texture,	but	it	is	overviewed	with	simple	shape	symbols	(eg,	cross,
circle).	Another	difficulty	is	introduced	by	the	nonlinear	depth	scale	of	the	screen,	which	is	perceived	by	the	operator's	brain	as	nonlogical	and	induces	a	decrease	in	intuitive	hand	localization.	In	addition	to	this	improvement	in	3D	vision,	a	3D	sequence	of	images	can	be	modified	for	specific	applications	such	as	navigation.	For	example,	a	3D	sequence
of	8	views	can	be	modified	to	facilitate	the	observation	of	a	projected	view	of	the	object	at	90	degree	with	a	minimal	head	side	shift	of	only	5	degree.	These	realtime,	3D	front	and	side	views	provide	intuitive	3D	data	views	in	spite	of	the	2D	parameters	used	to	visualize	them.	722	PART	3	Oral	lmplantology	Conclusions	CAS	involves	the	use	of
digitalized	3D	data	obtained	by	the	use	of	cone-beam	computer-generated	radiographs,	markers	placed	in	a	surgical	stent,	and	a	computer-directed	guidance	system	used	during	implant	placement.	This	new	technology	is	being	developed	to	enhance	accuracy	of	implant	placement	and	to	reduce	angulation	and	alignment	errors.	At	present,	these
systems	require	extensive	training,	and	the	intraoperative	surgical	guidance	methodology	is	being	improved.	The	use	of	CAIS	with	simultaneous	tracking	and	"guidance"	of	the	implant	instrumentation	facilitates	the	precise	surgical	placement	of	implants	with	"real-time"	visual	assessment	of	anatomic	structures.	The	system	is	complex,	and	several
steps	must	be	coordinated	for	CAIS	to	be	accurate	and	useful.	The	ultrasound	3D	mapping	allows	a	real-time	accurate	bone	surface	image	to	be	captured.	Newer	generation	systems	are	becoming	more	intuitive	with	JD-projected	vision	with	improved	software	interface	for	the	operator.	SUGGESTED	READINGS	Attard	N,	Barzilay	l:	A	modified
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experienced	much	success	with	endosseous	dental	implants.	Yet,	despite	the	long-term	predictability	and	success	of	implants,	complications	do	occur	in	a	percentage	of	cases.	Some	complications	are	relatively	minor	and	easy	to	correct,	but	others	are	more	significant,	resulting	in	loss	of	implants,	failure	of	prostheses,	and	occasionally	in	severe	loss
of	tissues	in	the	area	of	implant	failure.	Complications	may	be	surgical,	biologic,	mechanical,	or	esthetic.	Biologic	complications	are	those	that	involve	the	periimplant	supporting	hard	and	soft	tissues.	Changes	in	the	periimplant	soft	tissues	may	be	minor,	such	as	inflammation	and	proliferation,	or	more	significant,	involving	progressive	bone	loss.	The
ultimate	biologic	complication	is	implant	loss	or	failure,	which	may	also	result	in	soft	and	hard-tissue	defects.	Biologic	loss	of	implants	may	be	caused	by	a	lack	of	osseointegration	in	the	early	stages	before	restoration	or	by	a	loss	of	osseointegration	as	a	result	of	bone	loss	after	the	restoration	is	installed	and	functioning.	Surgical	complications	are
those	problems	or	adverse	outcomes	that	result	from	surgery,	including	procedures	used	for	implant	placement,	implant	exposure,	and	augmentation	procedures.	One	of	the	more	prevalent	types	of	implant	complications	are	those	arising	from	implant	malposition	or	those	arising	from	an	implant	being	placed	in	a	nonideal	position.	Malpositioned
implants,	which	usually	are	the	result	of	poor	presurgical	treatment	planning	and/or	surgical	technique,	can	lead	to	an	array	of	implant	problems	ranging	in	severity	from	minor	to	major.	These	complications	include	compromised	esthetic	and/or	prosthetic	results,	soft-tissue	and	bone	dehiscences,	impingement	on	anatomic	structures,	and	possibly
implant	failure.	Unfortunately,	the	extent	of	the	problems	that	arise	from	implant	malposition	are	often	not	recognized	until	the	time	of	implant	restoration	or	years	after	insertion.	Prosthetic	or	mechanical	complications	and	failures	typically	occur	in	the	form	of	material	failure	such	as	abutment	and	prosthetic	screw	loosening	or	fractures.	The	patient
can	recover	from	many	of	these	mechanical	problems	if	they	are	minor	and	recognized	early	However,	some	complications,	such	as	implant	fractures,	are	not	salvageable.	Esthetic	complications	arise	when	patient	expectations	are	not	met.	Patient	satisfaction	with	the	esthetic	outcome	of	the	implant	prosthesis	will	vary	from	patient	to	patient,
depending	on	several	factors.	The	risk	for	esthetic	complications	is	increased	for	patients	with	high	esthetic	expectations	and	less-than-optimal	patient-related	factors	(eg,	high	smile	line,	thin	gingival	tissues,	or	inadequate	bone	quantity	and	quality).	This	chapter	reviews	several	of	the	more	common	implant-related	complications.	A	summary	of
findings	from	the	literature	is	presented	to	offer	some	insight	into	the	prevalence	of	various	types	of	implant-related	complications.	Implant	failure,	surgical	complications	related	to	site	development,	and	different	implant	placement	protocols	are	discussed	as	well.	Definition	of	Implant	Survival	and	Implant	Success	Implant	success	(or	failure)	is
reported	in	many	ways.	Case	reports,	case	series,	retrospective	studies,	controlled	studies,	and	prospective	studies,	all	report	levels	of	success	and	failure	as	related	to	the	population	being	evaluated.	Each	type	of	report	or	study	has	recognized	limitations.	However,	recognizing	the	tremendous	variation	in	the	way	individual	investigators	measure
and	interpret	success	may	be	more	important.	725	726	PART	3	Oral	lmplantology	At	times,	outcomes	are	measured	simply	by	the	presence	or	absence	of	the	implant(s)	at	the	time	of	the	last	examination,	which	is	only	a	measure	of	implant	survival	and	should	not	be	confused	with	implant	success.	In	contrast	to	this	simplified	assessment,	some
investigators	use	detailed	criteria	to	measure	implant	success	and	failure,	with	variations	of	successful	outcomes	separated	and	defined	by	additional	criteria.	Implant	survival	is	simply	defined	as	any	implant	that	remains	in	place	at	the	time	of	evaluation,	regardless	of	any	untoward	signs,	symptoms,	or	history	of	problems.	Clearly,	there	is	a
difference	between	implants	that	are	present	and	functioning	under	an	implant-retained	restoration	and	implants	that	are	present	but	not	connected	to	any	restoration	and	not	providing	support	or	function.	These	implants	are	sometimes	referred	to	as	"sleepers"	and	should	not	be	considered	successful	merely	because	they	are	present	and	remain
osseointegrated.	Rather,	sleeper	implants	should	be	included	in	the	discussion	as	"surviving"	but	counted	as	"failures"	because	they	failed	to	fulfill	the	originally	intended	treatment.	Implant	success,	conversely,	is	defined	not	only	by	the	presence	of	the	implant	but	also	by	the	criteria	evaluating	the	condition	and	function	of	the	implant	at	the	time	of
examination.	Criteria	for	implant	success	and	failure	have	been	defined	over	the	years,	but	not	all	investigators	use	them.	In	the	classic	definition,	Albrektsson	et	al	defined	implant	success	as	an	implant	with	no	pain,	no	mobility,	no	radiolucent	periimplant	areas,	and	no	more	than	0.2	mm	of	bone	loss	annually	following	the	first	year	of	loading.	Roos-
Jansaker	et	al	added	to	this	definition	by	defining	a	successful	implant	as	one	that	lost	no	more	than	1	mm	of	bone	during	the	first	year	in	function.	Sometimes	these	criteria	are	used	as	proposed,	whereas	at	other	times,	they	are	used	by	investigators	with	modifications	and	new	criteria.	Consequently,	it	is	inherently	difficult	to	make	comparisons
between	studies	and	often	impossible	to	make	absolute	conclusions	about	any	aspect	of	implant	success	or	failure	based	on	one	or	a	few	studies.	If	one	considers	"success"	using	a	strict	definition	as	the	outcome	without	any	adverse	effects	or	problems,	then	"implant	success"	should	be	defined	as	any	implant-retained	restoration	in	which	(1)	the
original	treatment	plan	is	performed	as	intended	without	complications,	(2)	all	implants	that	were	placed	remain	stable	and	functioning	without	problems,	(3)	periimplant	hard	and	soft	tissues	are	healthy,	and	(	4)	both	the	patient	and	the	treating	clinician(s)	are	pleased	with	the	results.	When	these	strict	criteria	are	used,	implant	success	(ie,	absence
of	complications)	is	projected	to	be	only	about	61	%	after	5	years	for	implant-supported	fixed	partial	dentures	(FPDs)	and	50%	after	10	years	for	combined	tooth/	implant	FPDs.	An	additional	criteria	of	implant	success	that	is	often	unreported	but	must	be	considered	is	the	"esthetic"	success	or	patient	satisfaction	with	the	outcome.	There	have	been	a
number	of	proposed	methods	to	evaluate	esthetic	results.	A	restorative	index	was	proposed	by	Jensen	et	al	to	appraise	the	esthetics	of	the	final	restoration.	The	index	uses	a	scale	from	1	to	10	with	1	being	an	extremely	poor	result	and	10	being	a	superlative	esthetic	result.	The	index,	based	on	both	subjective	and	objective	criteria,	evaluates	the	size
and	shape	of	the	implant	restoration	in	comparison	to	the	equivalent	contralateral	tooth,	blending	into	the	arch,	as	well	as	the	presence	of	the	papillae,	gingival	form,	color,	and	other	factors	considered	essential	in	determining	an	esthetic	result.	The	pink	esthetic	score	(PES)	is	an	index	proposed	by	Furhauser	et	al	that	considers	seven	soft-tissue
parameters,	including	an	evaluation	of	the	color,	contour,	and	texture	of	the	surrounding	soft	tissues	(papilla	and	facial	mucosa).	Each	parameter	is	given	a	score	of	O,	1,	or	2,	which	allows	the	best	score	of	14	to	determine	the	highest	level	of	esthetics.	Other	indices	were	proposed	for	single-tooth	implant	restorations	in	the	esthetic	zone.	The	most
recent,	proposed	by	Belser	et	al,	combines	a	modified	PES	index	with	a	white	esthetic	score	(WES)	focusing	on	the	visible	part	of	the	implant	restoration	scoring	five	parameters	from	general	tooth	form	to	hue,	value,	surface	texture,	and	translucency.	The	maximum	possible	WES	score	is	10.	These	indices	are	aimed	at	quantifying	the	esthetic	result,
which	could	then	present	an	objective	method	of	judging	"implant	es	the	tic	success."	Types	and	Prevalence	of	Implant	Complications	The	prevalence	of	implant-related	complications	has	been	reported	in	several	reviews.	However,	until	recently,	a	systematic	review	of	the	incidence	of	biological	and	technical	complications	in	studies	of	at	least	5	years
revealed	that	biological	complications	were	considered	in	only	40-60%	and	technical	complications	in	only	60-80%	of	the	studies.	One	of	the	few	conclusions	of	this	review	indicated	that	the	incidence	of	technical	complications	related	to	implant	components	and	suprastructures	was	higher	in	overdentures	than	in	fixed	restorations.	In	a	systematic
review	of	reports	on	the	survival	and	complication	rates	of	implant-supported	FPDs,	Pjetursson	et	al	found	that	the	most	common	technical	complication	was	fracture	of	veneers	(13.2%	after	5	years),	followed	by	loss	of	the	screw	access	hole	restoration	(8.2%	after	5	years),	abutment/occlusal	screw	loosening	(5.8%	after	5	years),	and
abutment/occlusal	screw	fracture	(1.5%	after	5	years;	2.5%	after	10	years).	Fracture	of	implants	occurred	infrequently	(0.4%	after	5	years;	1.8%	after	10	years).	A	retrospective	evaluation	of	493	7	implants	by	Eckert	et	al	found	that	implant	fractures	occur	more	frequently	in	partially	edentulous	restorations	(1.5%)	than	in	restorations	of	completely
edentulous	arches	(0.2%),	and	all	observed	implant	fractures	occurred	with	commercially	pure	3.	75-mm	diameter	threaded	implants.	In	a	literature	review	that	included	all	types	of	implantretained	prostheses,	Goodacre	et	al	found	that	the	most	common	technical	complications	were	loosening	of	the	overdenture	retentive	mechanism	(33%),	resin
veneer	fracture	with	FPDs	(22%),	overdentures	needing	to	be	relined	(19%),	and	overdenture	clip/attachment	fracture	(16%).	Their	review,	with	the	inclusion	of	edentulous	patients	having	overdentures,	seemed	to	indicate	a	significantly	higher	percentage	of	complications	than	Pjetursson	systematic	review	of	patients	with	implant-supported	FPDs.
Goodacre	et	al	found	it	impossible	to	calculate	an	overall	prosthesis	complication	rate	because	most	studies	included	in	their	review	did	not	report	on	several	of	the	complication	categories.	The	most	common	complication	reported	for	single	crowns	was	abutment	or	prosthesis	screw	loosening.	Abutment	screw	loosening	varied	dramatically	from	one
study	to	another,	ranging	from	2%	to	45%.	The	highest	rate	of	abutment	screw	loosening	was	associated	with	single	crowns,	followed	by	59	Peri	implant	Disease	and	Management	overdentures.	The	rate	of	prosthesis	screw	loosening	was	similar,	ranging	from	1	%	to	38%	in	various	studies.	A	higher	frequency	was	reported	for	single	crowns	in	the
posterior	areas	(premolar	and	molar)	than	in	the	anterior	region.	Implant	fracture	is	an	uncommon	but	significant	complication.	Goodacre	et	al	reported	a	1.5%	incidence	in	their	literature	review.	The	incidence	of	implant	fracture	was	higher	in	FPDs	supported	by	only	two	implants.	Consistent	with	this	finding,	Rangert	et	al	reported	that	most
fractured	implants	occurred	in	single-	and	double-implant-supported	restorations.	They	also	indicated	that	most	of	these	fractures	were	in	posterior	partially	edentulous	segments,	in	which	the	generated	occlusal	forces	can	be	greater,	as	opposed	to	anterior	segments	(Fig.	59.1)	In	a	systematic	review	of	prospective	longitudinal	studies	(minimum	of	5
years)	reporting	both	biologic	and	technical	complications	associated	with	implant	therapy	(all	restoration	types	included),	Berglundh	et	al	found	that	the	incidence	of	technical	complications	was	consistent	with	Pjetursson	findings,	with	implant	fracture	occurring	in	less	than	1	%	(0.080.	74%)	of	cases.	Interestingly,	consistent	with	the	findings	in
Goodacre	review,	technical	complications	were	higher	for	implants	used	in	overdenture	therapy	than	implants	supporting	fixed	prostheses.	727	In	Pjetursson	systematic	review	of	survival	and	complication	rates	for	implant-supported	FPDs,	biologic	complications,	such	as	periimplantitis	and	soft-tissue	lesions,	occurred	in	8.6%	of	implant-supported
FPDs	after	5	years.	However,	in	a	more	recent	literature	review	of	the	prevalence	of	periimplant	diseases,	Zitzmann	and	Berglundh	reported	that	although	cross-sectional	studies	are	rare,	data	from	the	only	two	studies	available	showed	that	periimplant	mucositis	occurred	in	80%	of	the	subjects	and	50%	of	implant	sites.	Periimplantitis,	conversely,
was	identified	in	28	and	56%	or	more	of	subjects	and	in	12	and	43%	of	implant	sites	in	the	two	studies	that	followed	subjects	with	implants	in	function	at	least	5	years.	A	critical	review	of	the	literature	by	Esposito	et	al	included	73	publications	reporting	early	and	late	failures	of	Branemark	implants;	biologically	related	implant	failures	were	relatively
low	at	7.	7%.	The	treatments	involved	all	anatomic	areas	and	all	types	of	prosthetic	design.	The	authors	concluded	that	the	predictability	of	implant	treatment	was	especially	good	for	partially	edentulous	patients	compared	with	totally	edentulous	patients,	with	failures	in	the	latter	population	being	twice	as	high.	Also,	the	incidence	of	implant	failure
was	3	times	higher	for	the	edentulous	maxilla	than	for	the	edentulous	mandible,	whereas	failure	rates	for	the	partially	edentulous	maxilla	were	similar	to	those	for	the	partially	edentulous	mandible.	Risk	factors,	such	as	smoking,	diabetes,	and	periodontal	disease,	may	contribute	to	implant	failure	and	complications.	Several	studies	with	numerous
implants	and	years	of	followup	have	concluded	that	smoking	is	a	definite	risk	factor	for	implant	survival.	A	systematic	review	of	the	effect	of	risk	factors	on	implant	outcomes	concluded	that	smoking	has	an	adverse	effect	on	implant	survival	and	success,	with	the	effects	being	more	pronounced	in	areas	of	loose	trabecular	bone	(ie,	posterior	maxilla).
The	review	suggested	that	type	2	diabetes	may	have	an	adverse	effect	on	implant	survival	rates	but	did	not	have	enough	studies	to	permit	a	definitive	conclusion.	Finally,	the	same	review	also	concluded	that	while	patients	with	a	history	of	treated	periodontitis	did	not	show	any	decrease	in	implant	survival,	they	did	experience	more	biologic	implant
complications	and	lower	success	rates.	Biologic	Complications	Biologic	complications	involve	pathology	of	the	surrounding	periimplant	hard	and	soft	tissues.	Frequently,	soft-tissue	problems	are	an	inflammatory	response	to	bacterial	accumulation.	The	cause	of	bacterial	accumulation	around	implants	is	key	to	understanding	the	problem.	For	example,
bacteria	may	accumulate	at	the	junction	of	an	ill-fitting	implant-abutment	or	abutment-crown	connection.	Some	of	the	highly	textured,	macroscopically	rough	implant	surfaces	[eg,	titanium	plasmasprayed	(TPS)	or	hydroxyapatite	(HA)	coated]	may	also	perpetuate	the	accumulation	of	bacteria	on	the	implant	surface.	Inflammation	and	Proliferation
FIGURE	59.1	A,	Radiograph	of	a	three-unit,	posterior,	FPO	supported	by	two	standard-diameter,	screw-shaped	threaded	implants.	Notice	long	crown	height,	relatively	short	implant	length,	and	bone	loss	around	posterior	implant.	B,	Photograph	of	the	ultimate	implant-supported	restoration	failure.	The	anterior	implant	fractured	between	the	second
and	third	threads,	which	resulted	in	loss	of	the	restoration.	Inflammation	in	the	periimplant	soft	tissues	has	been	found	to	be	similar	to	the	inflammatory	response	in	gingival	and	other	periodontal	tissues.	Not	surprisingly,	the	clinical	appearance	is	similar	as	well.	Inflamed	periimplant	tissues	demonstrate	the	same	erythema,	edema,	and	swelling	seen
around	teeth.	Occasionally,	however,	the	reaction	of	periimplant	soft	tissues	to	bacterial	accumulation	is	profound,	almost	unusual,	with	59	Periimplant	Disease	and	Management	727.el	Surgical	Complications	As	with	any	surgical	procedure,	there	are	risks	involved	with	implant	surgery.	Proper	precautions	must	be	taken	to	prevent	the	risk	of	injury
resulting	from	surgical	procedures,	including	but	not	limited	to	(1)	a	thorough	review	of	the	patient's	past	medical	history,	(2)	a	comprehensive	clinical	and	radiographic	examination,	and	(3)	good	surgical	techniques.	Surgical	complications	include	perilous	bleeding,	damage	to	adjacent	teeth,	injury	to	nerves,	and	iatrogenic	jaw	fracture.
Postoperative	complications	include	bleeding,	hematoma,	and	infection.	They	may	be	minor,	transient,	and	easily	managed	or	more	serious	and	require	postoperative	treatment.	Hemorrhage	and	Hematoma	Bleeding	during	surgery	is	expected	and	usually	easily	controlled.	However,	if	a	sizable	vessel	is	incised	or	otherwise	injured	during	surgery,	the
hemorrhage	can	be	difficult	to	control.	Smaller	vessels	will	naturally	constrict	or	retract	to	slow	the	hemorrhage.	If	bleeding	continues,	it	may	be	necessary	to	apply	pressure	or	to	suture	the	hemorrhaging	vessel.	This	can	be	especially	difficult	if	there	is	a	vascular	injury	to	an	artery	that	is	inaccessible	such	as	in	the	floor	of	the	mouth	or	posterior
maxilla.	Serious	bleeding	from	an	inaccessible	vessel	can	be	life	threatening,	not	by	exsanguination	but	rather	as	a	result	of	airway	obstruction.	This	is	most	problematic	when	the	point	of	bleeding	is	inaccessible	and	internal	(within	the	connective	tissues	and	soft-tissue	spaces).	Postoperative	bleeding	is	an	equally	important	problem	to	manage	(Fig.
59.2).	Patients	should	be	given	postoperative	instructions	on	normal	expectations	for	bleeding	and	how	to	prevent	and	manage	minor	bleeding.	Historically,	standard	practice	has	recommended	that	they	should	be	advised,	with	their	physician's	approval,	to	discontinue	or	reduce	medications	that	increase	bleeding	tendency	7-10	days	before	surgery.
However,	recent	evidence	suggests	that	this	may	not	be	necessary	and	may	increase	the	risk	of	hematologic	or	cardiovascular	problems	(see	Chapter	30).	Dental	healthcare	providers	should	consult	with	medical	healthcare	providers	regarding	the	best	management	for	each	individual	patient.	Furthermore,	dental	healthcare	providers	and	patients
should	always	include	the	treating	medical	practitioner	in	the	management	decisions	if	postoperative	bleeding	is	excessive	or	persistent.	Submucosal	or	subdermal	hemorrhage	into	the	FIGURE	59.3	Clinical	photograph	of	postoperative	(extraoral)	bruising	indicative	of	subdermal	bleeding	into	connective	tissues	spaces.	This	is	a	normal	expectation
that	resolves	within	7-14	days.	connective	tissues	and	soft-tissue	spaces	can	result	in	hematoma	formation.	Postoperative	bruising	is	a	typical	example	of	minor	submucosal	or	subdermal	bleeding	into	the	connective	tissues	(Fig.	59.3).	Bruising	and	small	hematomas	typically	resolve	without	special	treatment	or	consequence.	However,	larger
hematomas	or	those	that	occur	in	medically	compromised	individuals	are	susceptible	to	infection	as	a	result	of	the	noncirculating	blood	that	sits	in	the	space.	Thus,	it	is	prudent	to	prescribe	antibiotics	for	patients	who	develop	a	noticeably	large	hematoma.	Although	the	incidence	of	a	life-threatening	hemorrhage	from	implant	surgery	is	extremely	low,
the	seriousness	of	the	problem	warrants	the	attention	of	everyone	who	participates	in	this	type	of	surgery.	Potentially	fatal	complications	have	been	reported	for	implant	surgical	procedures	in	the	mandible	(especially	the	anterior	region).	Massive	internal	bleeding	in	the	highly	vascular	region	of	the	floor	of	the	mouth	can	result	from	instrumentation
or	implants	that	perforate	the	lingual	cortical	plate	and	sever	or	injure	the	arteries	running	along	the	lingual	surface.	Depending	on	the	severity	and	location	of	the	injury,	bleeding	may	be	apparent	immediately	or	only	after	some	delay.	In	either	case,	the	progressively	increasing	hematoma	dissects	and	expands	to	displace	the	tongue	and	soft	tissues
of	the	floor	of	the	mouth,	ultimately	leading	to	upper	airway	obstruction.	Emergency	treatment	includes	airway	management	(primary	importance)	and	surgical	intervention	to	isolate	and	stop	the	bleeding.	Clinicians	must	be	aware	of	this	risk	and	must	be	prepared	to	act	quickly.	It	is	important	to	recognize	that	bleeding,	although	considered	a
complication	at	the	time	of	surgery,	may	be	a	serious	complication	in	the	hours	and	days	after	surgery.	Neurosensory	Disturbances	FIGURE	59.2	Clinical	photograph	of	postoperative	bleeding	around	healing	abutments	after	second-stage	implant	exposure	surgery.	One	of	the	more	problematic	surgical	complications	is	an	injury	to	nerves.
Neurosensory	alterations	caused	by	damage	to	a	nerve	may	be	temporary	or	permanent.	Neuropathy	can	be	caused	by	a	drilling	injury	(cut,	tear,	or	puncture	of	the	nerve)	or	by	implant	compression	or	damage	to	the	nerve	(Fig.	59.4;	also	see	Fig.	57.25).	In	either	case,	the	injury	produces	neuroma	formation,	and	two	patterns	of	clinical	neuropathy
may	follow.	Hypoesthesia	is	a	neuropathy	defined	by	impaired	sensory	function	that	is	sometimes	associated	with	phantom	pain.	Hyperesthesia	is	a	neuropathy	defined	by	the	presence	of	pain	phenomena	with	minimal	or	no	sensory	impairment.	727.e2	PART	3	Oral	lmplantology	Implant	Malposition	FIGURE	59.4	A,	Cross-sectional	image	from
computed	tomography	(CT)	scan	showing	implant	impinging	on	inferior	alveolar	nerve	canal.	B,	Panoramic	image	of	CT	scan	showing	implant	in	lower	left	first	molar	area	impinging	on	inferior	alveolar	nerve	canal.	Nerve	is	marked	by	tracing	with	software.	Some	neuropathies	will	resolve,	whereas	other	will	persist.	The	type	of	neuropathy	is	not
indicative	of	the	potential	for	recovery.	It	is	likely	that	neurosensory	disturbances	occur	more	frequently	after	implant	surgery	than	currently	reported	in	the	literature	for	several	reasons.	First,	many	of	these	changes	are	transient	in	nature,	and	most	patients	recover	completely	or	at	least	recover	to	a	level	that	is	below	a	threshold	of	annoyance	or
daily	perception.	Second,	wide	variation	exists	in	the	postoperative	evaluation	of	patients	by	clinicians.	Some	clinicians	do	not	examine	or	inquire	about	postsurgical	neurosensory	disturbances	at	all,	thus	allowing	this	complication	to	go	unnoticed.	Likewise,	some	patients	may	think	that	the	altered	sensation	is	part	of	the	expected	"side	effect"	of
surgery	and	may	never	acknowledge	or	comment	on	its	presence,	especially	if	the	disturbance	is	minor.	Therefore,	it	is	likely	that	minor	neuropathies	exist	but	go	unrecognized	and	unreported.	Neurosensory	disturbances	reported	in	the	literature	are	most	prevalent	and	significant	when	they	are	more	serious	and	occur	more	frequently,	such	as	those
associated	with	lateral	transposition	of	the	mandibular	nerve.	This	relatively	uncommon	procedure	is	used	to	reposition	the	nerve	and	allow	longer	implants	to	be	placed	in	the	atrophic	posterior	mandible.	Lateral	nerve	transposition	procedures	are	associated	with	almost	100%	incidence	of	neurosensory	dysfunction	immediately	after	surgery.	More
than	50%	of	these	neurosensory	changes	are	permanent	(ranging	from	30%	to	80%).	Several	articles	have	been	written	on	the	treatment	of	neurosensory	disturbances.	Many	of	the	aforementioned	complications	that	arise	during	implant	surgery	can	be	attributed	to	the	dental	implant	being	placed	in	an	undesired	or	unintended	position.
Malpositioning	of	dental	implants	is	usually	the	result	of	poor	treatment	planning	before	the	implant	surgery,	lack	of	surgical	skill	by	the	implant	surgeon,	and/or	poor	communication	between	implant	surgeon	and	restorative	dentist.	Optimal	implant	esthetics	and	the	avoidance	of	positional	complications	can	be	achieved	by	placing	the	implant	in	a
prosthetically	driven	manner.	In	other	words,	the	implant	should	be	placed	with	reference	to	the	three	dimensions	dictated	by	the	position	of	the	final	restoration	and	not	by	the	availability	of	bone.	The	angulation	is	another	important	determinant	(fourth	dimension)	of	implant	position	that	will	affect	outcome	esthetics.	The	ideal	implant	position
entails	an	accurate	preparation,	insertion,	and	placement	of	the	implant	into	the	alveolus	in	a	proper	three-dimensional	geometry	according	to	apicocoronal,	mesiodistal,	and	buccolingual	parameters,	as	well	as	implant	angulation	relative	to	the	final	prosthetic	restoration	and	gingival	margins.	(see	Chapter	58).	Apicocoronally,	the	implant	should	be
placed	so	the	dental	implant	platform	is	2-3	mm	apical	to	the	gingival	margin	of	the	anticipated	restoration.	The	actual	implant	position	varies	slightly	from	one	implant	system	to	another,	depending	on	abutment	design	and	space	requirements.	If	the	implant	platform	is	placed	too	coronal,	there	will	not	be	sufficient	room	to	develop	a	natural-looking
emergence	profile	and	the	tooth	may	have	a	squarish,	unesthetic	contour.	If	the	platform	is	placed	at	or	above	the	level	of	the	gingival	margin,	a	metal	collar	or	implant	exposure	can	occur	yielding	an	unesthetic	result	(Fig.	595)	Conversely,	if	the	implant	platform	is	placed	too	apically,	a	long	transmucosal	abutment	will	be	necessary	to	restore	the
implant.	This	can	lead	to	a	deep	pocket	and	difficult	hygiene	access	for	the	patient	and	clinician.	Mesiodistal	implants	should	be	placed	at	a	distance	of	1.5-2	mm	from	a	natural	tooth	and	2-3	mm	from	an	adjacent	implant	to	maintain	an	adequate	biologic	dimension.	Similar	to	natural	teeth,	violation	of	biologic	width	around	an	implant	can	lead	to	bone
loss.	Implants	that	are	placed	too	close	to	each	other	(Fig.	59.6)	or	natural	teeth	can	be	difficult	to	restore.	Impression	copings	and	impression-taking	techniques	FIGURE	59.5	Clinical	photograph	of	gingival	recession	around	a	maxillary	anterior	implant	(left	central	incisor)	resulting	in	exposure	of	the	crown	margin,	the	implant	collar,	and	several
threads	of	the	implant.	59	Periimplant	Disease	and	Management	FIGURE	59.6	Radiograph	of	two	mandibular	anterior	implants	placed	too	close	together	(no	proximal	space)	resulting	in	implants	that	will	be	impossible	to	restore.	must	be	modified.	Improperly	spaced	implants	invariably	lead	to	chronic	inflammation	and	periimplantitis.	Conversely,
implants	placed	with	excessive	distance	from	an	adjacent	tooth	or	implant	may	require	prosthetic	compensation	in	the	form	of	mesial	or	distal	cantilevers,	which	may	predispose	the	implant	to	biologic	(eg,	bone	loss)	and	mechanical	(eg,	screw	727.e3	loosening,	screw	fracture,	or	implant	fracture)	complications,	as	well	as	difficulties	with	hygiene.
Ideally,	implants	should	be	placed,	buccolingually	so	there	is	at	least	2	mm	of	bone	circumferentially	around	the	implant.	Implant	exposure	through	the	lingual	or	buccal	cortex	can	predispose	an	individual	to	abscess	and/or	suppuration.	Implants	that	are	placed	too	far	palatally/lingually	require	prosthetic	compensation	in	the	form	of	a	buccal	ridge
lap,	which	may	be	difficult	for	the	patient	to	clean	and	could	lead	to	tissue	inflammation.	To	obtain	ideal	esthetics,	to	avoid	potential	esthetic	complications,	and	to	correct	bodily	placement	of	the	dental	implant,	the	implant	must	be	correctly	angulated	on	insertion.	In	most	anterior	cases,	it	is	desirable	to	have	the	implant	long	axis	directed	so	it	is
emerging	toward	the	cingulum.	In	the	posterior	region,	the	implant	axis	should	be	directed	toward	the	central	fossa	or	the	stamp	cusp	of	the	opposing	tooth.	Implants	that	are	placed	with	mild-to-moderate	misangulations	can	often	be	corrected	prosthetically	with	implant	abutments.	Minor	misangulations	(up	to	15-20	degrees)	can	be	corrected	with
prefabricated	stock-angled	abutments;	moderate	misangulations	(20-35	degrees)	can	usually	be	managed	with	customized	UCLA-type	abutments;	extreme	errors	in	implant	angulations	(more	than	35	degrees)	may	deem	an	implant	unrestorable	and	require	it	to	be	left	submerged	(ie,	sleeper)	or	to	be	removed	(Fig.	59.	7).	The	ultimate	complication	of
malposed	implant(s)	is	implant	or	instrument	invasion	into	vital	structures.	The	most	common	violation	of	neighboring	anatomy	is	the	placement	of	the	dental	implant	into	the	adjacent	tooth	root.	Surgical	procedures	used	to	prepare	osteotomy	sites	and	place	implants	adjacent	to	teeth	can	injure	the	teeth	either	by	directly	FIGURE	59.7	Clinical
photograph	of	maxillary	anterior	implant	(left	central	incisor)	placed	with	an	extreme	facial	angulation	resulting	in	an	implant	that	emerges	through	the	gingiva	at	a	level	that	is	more	apical	than	the	adjacent	natural	tooth	gingival	margins.	A,	Surgical	exposure	of	malpositioned	implant.	B,	Surgically	removed	implant.	C,	Alveolar	defect	resulting	from
surgical	removal	of	malpositioned	implant.	727.e4	PART	3	Oral	lmplantology	cutting	into	the	tooth	structure	or	by	damaging	nearby	supporting	tissues	and	nerves.	Instrumentation	(eg,	drills)	directed	at	or	near	the	adjacent	tooth	may	cause	injury	to	the	periodontal	ligament,	tooth	structure,	and	nerve	of	the	tooth.	Depending	on	the	extent	of	the
injury,	the	tooth	may	require	endodontic	therapy	or	extraction.	On	insertion,	dental	implants	will	follow	the	trajectory	of	the	osteotomy	prepared	by	the	surgical	drills.	Care	must	be	taken	when	preparing	the	osteotomy	to	stay	true	to	the	planned	path	of	insertion.	Guidepin	location	radiographs	taken	during	implant	surgery	can	greatly	reduce	the
potential	for	damaging	adjacent	teeth	(see	Fig.	57.22).	Radiographic	analysis	before	implant	surgery	should	include	detection	of	curved,	convergent,	and/	or	dilacerated	root	structures	of	adjacent	teeth	that	can	limit	implant	placement.	Particular	care	must	be	taken	when	placing	implants	in	the	mandible	so	as	to	not	encroach	on	the	inferior	alveolar
canal	or	the	mental	foramen.	Encroachment	on	the	mandibular	canal	or	mental	foramen	during	osteotomy	or	implant	placement	via	direct	contact	or	mechanical	compression	of	bone	can	result	in	injury	to	nerves	and	blood	vessels.	Paresthesia,	hypoesthesia,	hyperesthesia,	dysesthesia,	or	anesthesia	of	the	lower	lip,	skin,	mucosa,	and	teeth	may	result,
as	well	as	arterial	or	venous	bleeding.	The	incidence	of	sensory	disturbances	after	mandibular	implant	placement	has	been	reported	to	range	from	0%	to	17.5%.	In	the	maxilla,	care	must	be	taken	to	avoid	dental	implant	perforation	into	the	maxillary	sinus	or	nasal	cavity.	Displacement	of	the	entire	dental	implant	into	the	maxillary	sinus	cavity	may
require	a	Caldwell-Luc	procedure	for	retrieval.	See	the	online	section	on	sinus	augmentation	for	further	information	about	complications	related	to	the	maxillary	sinus.	The	risks	of	surgery	are	always	present,	but	the	complications	can	be	minimized	with	an	understanding	of	the	etiologies	and	with	proper	diagnosis	and	treatment	planning.	Three-
dimensional	imaging	[eg,	computed	tomography	(CT)	and	cone-beam	CT	(CBCT)	scans]	provides	the	surgeon	with	useful	presurgical	information	for	proper	diagnosis	and	treatment	planning	(see	Chapter	57).	Careful	surgical	exposure	for	direct	visualization	and	identification	of	the	mental	nerve	may	be	indicated	as	well.	Once	identified,	it	is
recommended	to	establish	a	"zone	of	safety"	and	to	keep	instrumentation	and	implants	a	safe	margin	away	from	the	nerve	(eg,	~2	mm).	728	PART	3	Oral	lmplantology	a	dramatic	inflammatory	proliferation	(Fig.	59.8).	This	type	of	lesion	is	somewhat	characteristic	around	implants	and	is	indicative	of	either	a	loose-fitting	implant	to	abutment
connection	or	trapped	excess	cement	that	remains	buried	within	the	soft-tissue	space	or	"pocket."	The	precipitating	local	factor	ultimately	becomes	infected	with	bacterial	pathogens,	leading	to	mucosal	hypertrophy	or	proliferation	and	possible	abscess	formation	(Fig.	59.9).	Correction	of	the	precipitating	factors	(eg,	loose	connection,	retained
cement)	may	effectively	resolve	the	lesion.	Another	type	of	lesion	resulting	from	a	loose	abutment	connection	is	the	fistula	(Fig.	59	.10).	Again,	correcting	the	etiologic	factor	can	quickly	resolve	the	fistula.	Dehiscence	and	Recession	Dehiscence	or	recession	of	the	periimplant	soft	tissues	occurs	when	support	for	those	tissues	is	lacking	or	has	been	lost.
FIGURE	59.8	Inflammatory	proliferation	caused	by	a	loose-fitting	connection	between	the	abutment	and	the	implant.	(Courtesy	Dr	John	Beumer,	UCLA	Maxillofacial	Prosthetics,	Los	Angeles,	CA.)	Recession	is	a	common	finding	after	implant	restoration	and	should	be	anticipated	especially	when	soft	tissues	are	thin	and	not	well	supported	(Fig.	59.11).
Improper	implant	positioning	also	predisposes	periimplant	tissues	to	recession.	As	noted	earlier,	placement	or	angulation	of	the	implant	too	far	to	the	buccal	causes	the	buccal	plate	to	resorb	and	has	been	shown	to	result	in	greater	recession.	Another	factor	to	consider	is	the	thickness	of	the	buccal	plate	of	bone.	Spray	et	al	recommended	this
thickness	to	be	2	mm	or	greater	to	support	the	buccal	soft	tissue.	If	this	thickness	is	not	present,	presurgical	or	simultaneous	site	development	using	guided	bone	regeneration	is	indicated.	Recession	is	a	problem	that	is	particularly	disconcerting	in	anterior	esthetic	areas.	Patients	with	a	high	smile	line	or	high	esthetic	demands	consider	such
recession	a	failure	(Fig.	59	12)	The	anatomy	and	soft-tissue	support	around	implants	is	different	than	that	around	teeth.	Specifically,	periodontal	tissues	have	the	distinct	advantage	of	soft-tissue	support	from	circumferential	and	transseptal	connective	tissue	fibers	that	FIGURE	59.10	Fistula	caused	by	loose	implant-abutment	connection	(maxillary	left
lateral	incisor).	FIGURE	59.9	A,	Clinical	photograph	of	abscess	caused	by	excess	cement	trapped	within	the	soft	tissues.	B,	Radiograph	of	implant	with	cemented	crown	(same	patient	as	in	A).	Notice	the	subgingival	depth	of	the	crown-abutment	(cement	line)	junction,	which	is	below	the	level	of	the	adjacent	interproximal	bone	and	therefore	impossible
to	adequately	access	with	explorer	to	remove	excess	cement.	(Courtesy	Dr	John	Beumer,	UCLA	Maxillofacial	Prosthetics,	Los	Angeles,	CA.)	59	Peri	implant	Disease	and	Management	729	FIGURE	59.11	A,	Clinical	photograph	of	single-tooth	implant	crown	(maxillary	right	central)	with	moderate	recession	that	occurred	1-year	after	delivery	of	final
restoration.	Recession,	in	this	case,	most	likely	occurred	because	the	labial	bone	around	this	wide-diameter	implant	was	very	thin	or	nonexistent.	B,	Radiograph	of	wide-diameter	(6	mm)	implant	supporting	maxillary	central	incisor	crown	(same	patient	as	in	A).	Periimplantitis	and	Bone	Loss	FIGURE	59.12	Poor	esthetics	resulting	from	gingival
recession	and	exposure	of	crown	margins,	implant	collars,	and	threads	of	several	maxillary	and	mandibular	implants	supporting	full-arch	FPDs.	Notice	the	thin	labial	tissues	and	erythema	(especially	around	mandibular	implant	sites).	insert	into	the	cementum	at	a	level	that	is	more	coronal	than	the	supporting	bone.	In	the	absence	of	inflammation,
these	fibers	support	periodontal	soft	tissues	far	above	the	level	of	crestal	bone.	As	a	result,	gingival	margins	and	interdental	papillae	are	supported	and	maintained	around	teeth	even	when	the	periodontal	tissues	are	very	thin.	Periimplant	soft	tissues,	however,	are	entirely	dependent	on	the	surrounding	bone	for	support.	Soft-tissue	thickness	accounts
for	some	soft-tissue	height,	but	there	are	no	supracrestal	inserting	connective	tissue	fibers	to	aid	in	the	soft-tissue	support	around	an	implant.	Therefore,	soft-tissue	height	around	implants	typically	does	not	exceed	about	3-4	mm,	and	bone	loss	around	implants	often	leads	to	recession.	Periimplantitis	is	defined	as	an	inflammatory	process	affecting	the
tissues	around	an	osseointegrated	implant	in	function,	resulting	in	loss	of	supporting	bone.	The	prevalence	of	periimplantitis	has	been	reported	to	be	controversial	depending	on	the	criteria	used	to	define	the	amount	of	marginal	bone	loss	necessary	to	be	present,	together	with	the	evidence	of	soft-tissue	inflammation	to	determine	the	existence	of	the
disease.	Reports	of	prevalence	of	periimplantitis	have	varied	from	approximately	7%	to	37%	of	implants	in	various	studies.	Recently,	a	proposed	classification	for	early,	moderate,	and	advanced	periimplantitis	based	on	the	degree	of	bone	loss	was	presented	in	an	attempt	to	improve	communication	when	describing	prevalence	and	treatment.	To



diagnose	a	compromised	implant	site,	soft-tissue	measurements	using	manual	or	automated	probes	have	been	suggested.	Although	some	reports	state	that	probing	is	contraindicated,	careful	monitoring	of	probing	depth	over	time	seems	useful	in	detecting	changes	of	the	periimplant	tissue.	Standardized	radiographic	techniques,	with	or	without
computerized	analysis,	have	been	well	documented	and	found	to	be	useful	in	evaluating	periimplant	bone	levels.	Together	with	periodic	evaluation	of	tissue	appearance,	probing	depth	changes,	and	radiographic	assessment	are	the	best	means	of	detecting	changes	in	bone	support.	Clinicians	should	monitor	the	surrounding	tissues	for	signs	of
periimplant	disease	by	monitoring	changes	in	probing	depth	and	radiographic	evidence	of	bone	destruction,	suppuration,	calculus	buildup,	swelling,	color	changes,	and	bleeding.	Periimplantitis	may	be	perpetuated	by	bacterial	infection	that	has	contaminated	a	rough	(eg,	TPS,	HA-coated)	implant	surface	and	by	excessive	biomechanical	forces.	A
classic	trough-type	defect	is	typically	associated	with	periimplantitis	(Fig.	59	13).	In	cases	with	severely	reduced	bone	support	extending	into	730	PART	3	Oral	lmplantology	FIGURE	59.13	Moderately	advanced	bone	loss	around	an	implant	with	the	typical	circumferential	trough	type	of	boney	defect.	(From	Garg	AK:	Implant	dentistry:	a	practical
approach,	ed	2,	Mosby,	St.	Louis,	2070.)	FIGURE	59.15	A,	Radiograph	of	early	failed	implant	caused	by	lack	of	osseointegration.	In	addition	to	the	crestal	bone	loss,	notice	the	radiolucency	along	the	sides	of	the	implant.	B,	Photograph	of	the	failed	(non	integrated)	implant	(shown	in	A)	that	was	easily	removed	along	with	surrounding	connective	tissue.
FIGURE	59.14	Severe	horizontal	and	vertical	bone	loss	around	several	mandibular	implants.	the	apical	half	of	the	implant	(Fig.	59	14)	or	in	cases	demonstrating	mobility,	implant	removal	should	be	considered.	The	number	and	distribution	of	implants	and	the	occlusal	relationships	influence	the	biomechanical	forces	applied	to	implants	(see	Chapter
57).	A	recent	review	by	Lindhe	and	Meyle	from	the	Consensus	Report	of	the	Sixth	European	Workshop	on	Periodontology	concluded	that	risk	indicators	for	periimplantitis	included	(1)	poor	oral	hygiene,	(2)	a	history	of	periodontitis,	(3)	diabetes,	(	4)	cigarette	smoking,	(5)	alcohol	consumption,	and	(6)	implant	surface.	Most	of	these	risk	factors	(1-4)
have	been	recognized	and	reported	in	the	literature.	The	report	suggests	that	although	data	for	the	latter	two	risk	factors	(5	and	6)	are	limited,	they	appear	to	be	relevant	to	periimplantitis.	Another	risk	factor	that	has	been	proposed	involves	gene	polymorphism	related	to	an	individual's	genotype.	More	research	is	needed	to	study	the	relationship	of
this	potential	risk	factor	to	the	development	of	periimplantitis.	Implant	Loss	or	Failure	Implant	loss	or	failure	is	generally	considered	relative	to	the	time	of	placement	or	restoration.	Early	implant	failures	occur	before	implant	restoration.	Late	implant	failures	occur	after	the	implant	has	been	restored.	When	an	implant	fails	before	restoration,	it
probably	did	not	achieve	osseointegration,	or	the	integration	was	weak	or	jeopardized	by	infection,	movement,	or	impaired	wound	healing	(Fig.	59.15).	Late	implant	failures	occur	after	prosthesis	installation	for	a	variety	of	reasons,	including	infection	and	implant	overload	(Fig.	59.16).	In	a	review	of	the	literature	to	evaluate	biologic	causes	for	implant
failure,	Esposito	et	al	found	that	infections,	impaired	healing,	and	overload	were	the	most	important	contributing	factors.	Two	systematic	reviews	of	the	literature	concluded	that	a	single	dose	of	preoperative	antibiotic	therapy	may	decrease	the	failure	rate	of	dental	implants.	The	risk	of	implant	failure	varies	among	patients	and	patterns	of	loss	tend	to
cluster	within	subjects.	A	second	attempt	at	dental	implant	placement	should	be	approached	cautiously	when	attempting	to	place	the	implant	in	the	same	site	as	the	one	that	previously	failed.	Oftentimes,	it	is	challenging	to	achieve	adequate	diameter,	length,	and	stability	of	replacement	implants	due	to	the	residual	defect	created	by	removal	of	the
failed	implant.	In	2007,	Grossmann	and	Levin	reported	an	overall	survival	rate	of	71	%	for	dental	implants	that	were	placed	in	sites	of	previously	failed	single	implants.	In	that	study	all	of	the	original	implants	failed	during	the	early	healing	phase	(mean	2.3-3.2	months	postplacement).	In	a	similar	study	in	2008,	Machtei	reported	an	overall	survival
rate	of	83.5%	for	the	second	attempt	of	dental	implants.	They	concluded	that	replacing	failed	implants	resulted	in	implants	with	a	lower	survival	rate	compared	with	implants	placed	in	pristine	sites.	A	factor	that	could	not	be	associated	with	conventional	implant	or	patient-related	implant	failures.	They	suggested	a	possible	site-specific	negative	effect
that	might	be	associated	with	this	phenomenon.	59	Periimplant	Disease	and	Management	731	In	2011,	Machtei	reported	a	lower	survival	rate	of	60%	for	the	third	reimplanted	sites.	This	outcome	represents	a	further	diminished	prognosis	compared	with	implants	in	original	sites	in	or	even	following	the	first	re-do.	Their	findings	demonstrated	that	the
replacement	of	a	failed	implant	presents	a	challenge	in	achieving	osseointegration	in	a	healed	bone	site	and	may	result	in	a	decline	in	the	survival	rate.	Conclusions	Although	implants	offer	a	highly	predictable	treatment	option	for	the	replacement	of	single	and	multiple	missing	teeth,	there	are	a	variety	of	potential	complications	that	may	be	surgical,
biologic,	mechanical,	prosthetic,	or	esthetic.	Careful	diagnosis	and	treatment	planning,	along	with	the	use	of	diagnostic	imaging,	surgical	guides,	meticulous	techniques,	and	adherence	to	proven	principles	can	prevent	many	of	the	problems	discussed	in	this	chapter.	A	thorough	understanding	of	anatomy,	biology,	and	wound	healing	can	reduce	the
incidence	of	complications.	However,	there	is	no	substitute	for	training,	knowledge,	and	clinical	experience	for	preventing,	recognizing,	and	successfully	managing	complications.	This	chapter	is	a	start.	The	clinician	who	places	and/or	restores	implants	must	be	aware	of	techniques	and	procedures	for	early	intervention	should	a	complication	arise.
SUGGESTED	READINGS	FIGURE	59.16	Four-unit	FPO	in	the	posterior	maxilla	supported	by	only	two	implants.	A,	Clinical	photograph	of	implant	abutments	in	the	posterior	maxilla.	B,	Radiograph	taken	30-months	after	restoration.	Note	the	bone	loss	around	the	distal	implant.	C,	Failed	distal	implant	attached	to	failed	prosthesis.	The	biologic	failure
of	one	(posterior)	implant	resulted	in	a	long-span	cantilever	extension	from	the	other	(anterior)	implant	that	ultimately	led	to	its	mechanical	failure	(ie,	abutment	screw	fracture).	(Courtesy	Dr	John	Beumer,	UCLA	Maxillofacial	Prosthetics,	Los	Angeles,	CA.)	Berglundh	T,	Persson	L,	Klinge	B:	A	systematic	review	of	the	incidence	of	biological	and
technical	complications	in	implant	dentistry	reported	in	prospective	longitudinal	studies	of	at	least	5	years,	J	Clin	Periodontal	29(Suppl	3):197-212,	2002,	discussion	232-233.	Del	Fabbro	M,	Testori	T,	Francetti	L,	et	al:	Systematic	review	of	survival	rates	for	immediately	loaded	dental	implants,	Int	J	Periodontics	Restorative	Dent	26	249-263,	2006.	den
Hartog	L,	Slater	JJ,	Vissink	A,	et	al:	Treatment	outcome	of	immediate,	early	and	conventional	single-tooth	implants	in	the	aesthetic	zone:	a	systematic	review	to	survival,	bone	level,	soft-tissue,	aesthetics	and	patient	satisfaction,]	Clin	Periodontal	35:1073-1086,	2008.	Esposito	M,	Hirsch	J,	Lekholm	U,	et	al:	Differential	diagnosis	and	treatment
strategies	for	biologic	complications	and	failing	oral	implants:	a	review	of	the	literature,	Int	J	Oral	Maxillofac	Implants	14:4	73-490,	1999.	Goodacre	CJ,	Bernal	G,	Rungcharassaeng	K,	et	al:	Clinical	complications	with	implants	and	implant	prostheses,]	Prnsthet	Dent	90:121-132,	2003.	Lang	NP,	Pjetursson	BE,	Tan	K,	et	al:	A	systematic	review	of	the
survival	and	complication	rates	of	fixed	partial	dentures	(FPDs)	after	an	observation	period	of	at	least	5	years.	II.	Combined	tooth-implant-supported	FPDs,	Clin	Oral	Implants	Res	15:643-653,	2004.	Pjetursson	BE,	Tan	K,	Lang	NP,	et	al:	A	systematic	review	of	the	survival	and	complication	rates	of	fixed	partial	dentures	(FPDs)	after	an	observation
period	of	at	least	5	years,	Clin	Oral	Implants	Res	15:667-676,	2004.	Roos-jansaker	AM,	Lindahl	C,	Renvert	H,	et	al:	Nine	to	fourteen-year	followup	of	implant	treatment.	Part	II:	presence	of	peri-implant	lesions,	J	Clin	Periodontal	33:290-295,	2006.	59	Periimplant	Disease	and	Management	Complications	Related	to	Augmentation	Procedures	A	common
problem	encountered	in	implant	dentistry	is	insufficient	bone	quantity	to	allow	implant	placement	according	to	standard	procedures.	Deficiencies	in	alveolar	bone	result	from	developmental	defects,	periodontal	disease,	tooth	loss,	and	trauma.	For	most	cases	with	alveolar	ridge	resorption,	bone	regenerative	procedures	are	required	to	correct	the
defects	before	or	simultaneous	with	implant	placement.	The	success	of	bone	augmentation	procedures	has	been	assessed	by	experienced	clinicians	in	several	workshops.	One	systematic	review	of	literature	(the	2003	Workshop	on	Contemporary	Science	in	Clinical	Periodontics)	found	that	survival	rates	of	dental	implants	in	augmented	bone	achieved	a
high	level	of	predictability	and	showed	that	these	rates	were	similar	to	implants	placed	in	natural	bone.	However,	a	more-recent	systematic	review	of	the	literature	(the	2008	Consensus	Report	of	the	Sixth	European	Workshop	on	Periodontology)	concluded	that	bone	augmentation	procedures	can	fail	and	that	implants	placed	in	these	areas	do	not
enjoy	the	high	long-term	survival	rates	of	dental	implants	placed	in	pristine	sites.	The	consensus	emphasized	that	research	is	needed	to	answer	questions	concerning	(1)	long-term	performance	of	dental	implants	placed	in	augmented	bone,	(2)	the	clinical	performance	of	dental	implants	placed	in	augmented	or	pristine	sites,	and	(3)	the	clinical	benefits
of	bone	augmentation	with	respect	to	alternative	treatments.	The	procedures	most	often	used	to	regenerate	bone	include	autogenous	bone	harvesting	and	grafting,	guided	bone	regeneration,	and	sinus	bone	augmentation	(see	Chapters	58	for	detailed	descriptions	of	these	procedures).	The	following	is	a	brief	review	of	the	most	common	complications
related	to	these	three	augmentation	procedures.	Autogenous	Bone	Harvesting	and	Grafting	Autogenous	bone	from	a	histologic	and	biologic	point	of	view	has	been	considered	the	gold	standard	for	osseous	reconstruction.	Bone	block	grafts	of	autogenous	bone	from	extraoral	and	intraoral	sources	have	been	documented	as	a	predictable	procedure	for
reconstruction	of	defective	or	atrophic	alveolar	ridges.	Complications	can	occur	either	at	the	donor	or	recipient	sites.	The	most	common	extraoral	donor	sites	include	the	ilium	and	tibia.	Complications	related	to	extraoral	donor	sites	are	beyond	the	scope	of	this	chapter.	The	most	common	intraoral	donor	sites	include	the	mandibular	symphysis,
mandibular	ramus,	and	maxillary	tuberosity	Although	each	donor	area	has	specific	associated	complications,	the	most	common	complications	of	intraoral	autogenous	harvesting	and	grafting	concern	those	from	the	mandibular	symphysis.	The	ramus	donor	site	is	associated	with	a	much	lower	incidence	of	complications	compared	to	the	symphysis	area.
Potential	complications	associated	with	surgical	harvesting	of	bone	from	the	ramus	include	damage	to	the	inferior	alveolar	nerve	and	trismus	after	surgery	Damage	to	the	buccal	nerve,	although	rare,	has	been	reported	as	well.	Surgical	harvesting	of	bone	from	the	mandibular	symphysis	region	is	associated	with	a	higher	incidence	of	altered
neurosensory	disturbances	to	the	mandibular	anterior	teeth	and	soft	tissues	of	the	chin	area.	The	incidence	of	mental	nerve	paresthesia	731.el	after	symphysis	grafts	has	been	reported	to	be	as	high	as	4	3%.	Many	of	these	paresthesias	are	temporary	In	addition,	fracture	of	the	mandible	has	been	reported	after	bone	graft	harvesting	from	the
symphysis.	Many	of	these	complications	can	be	avoided	by	proper	surgical	technique,	good	planning,	and	an	experienced	operator.	Recipient	site	complications	include	wound	dehiscence,	flap	necrosis,	graft	exposure,	graft	contamination,	infection,	and	problems	with	bone	graft	incorporation	and	resorption.	Proper	flap	reflection,	intimate	fixation	of
the	graft,	and	flap	coverage	without	tension	can	avoid	many	of	the	potential	postsurgical	complications.	Bone	graft	material	including	barrier	membranes	should	be	immobilized	(fixated	if	possible).	Provisional	restorations	should	be	adjusted	to	prevent	pressure	over	grafted	areas.	Block	grafts,	as	well	as	other	augmentation	procedures,	require
experience	in	handling	hard	and	soft	tissue,	as	well	as	a	clinician	who	is	prepared	to	recognize	and	treat	complications	should	they	arise.	Guided	Bone	Regeneration	Guided	bone	regeneration	(GBR)	is	a	procedure	that	uses	a	barrier	membrane	to	isolate	an	area	for	bone	growth.	The	technique	has	been	well	documented	for	horizontal	(and	limited
vertical)	ridge	augmentation	(see	Chapter	58).	The	most	common	complication	associated	with	GBR	is	premature	exposure	of	the	barrier	membrane	and	necrosis	of	the	overlying	flap	(Fig.	59	.1	7).	Exposure	rates	of	expandable	polytetrafluoroethylene	(ePTFE)	membranes	during	various	GBR	procedures	range	from	41	%	when	the	technique	was	first
introduced	in	the	early	1990s	for	horizontal	ridge	augmentation	to	12.5%	when	surgical	techniques	improved	and	clinicians	became	more	familiar	with	handling	the	material.	Once	exposed	to	the	oral	environment,	the	membrane	becomes	colonized	with	bacteria	within	3-4	weeks	and	the	potential	for	bone	regeneration	under	the	membrane	is	limited
to	an	area	that	is	at	least	2-3	mm	from	the	contaminated	surface.	Topical	application	of	chlorhexidine	to	the	exposed	membrane	has	been	advocated	as	a	method	of	reducing	the	amount	of	bacteria,	but	it	does	not	solve	the	problem	and	removal	of	the	exposed	membrane	is	necessary	Other	complications	associated	with	GBR	procedures	include	soft
tissue	or	bone	graft	infection,	failure	to	regenerate	adequate	bone	volume	and	mucogingival	problems,	including	FIGURE	59.17	Clinical	view	of	flap	necrosis	over	area	treated	with	guided	bone	regenerative	procedure.	731.e2	PART	3	Oral	lmplantology	FIGURE	59.18	A,	Large	perforation	of	the	Schneiderian	membrane	during	a	sinus	elevation
procedure.	B,	Attempts	to	close	or	reduce	the	size	of	the	perforation	with	resorbable	sutures.	C,	Use	of	resorbable	barrier	membranes	to	cover	the	perforation.	loss	of	keratinized	tissue	and	decrease	in	the	vestibule.	Most	of	these	complications	are	related	to	insufficient	soft-tissue	healing	after	tooth	extraction,	inadequate	flap	design,	movement	of	the
membrane	and/or	graft	caused	by	transmucosal	loading	and	improper	provisionalization,	flap	suturing	under	tension,	poor	surgical	technique,	contamination	of	the	membrane	or	surgical	site,	compromise	of	the	vascular	supply	and	flap	advancement	for	graft	coverage	that	reduces	the	keratinized	tissue,	and	vestibular	depth.	To	prevent	complications
associated	with	GBR	procedures,	proper	surgical	technique	should	be	employed.	Sinus	Bone	Augmentation	"patch"	the	opening	(Fig.	59	.18).	Very	large	membrane	tears	may	be	too	big	to	repair	and	require	aborting	the	procedure.	Careful	surgical	technique	and	the	use	of	newer	instruments	(eg,	piezoelectric	surgery)	have	been	shown	to	significantly
reduce	this	complication	(see	Chapter	58).	The	most	common,	although	infrequent,	postsurgical	complication	associated	with	sinus	bone	augmentation	is	infection.	The	incidence	of	infection	has	been	reported	to	vary	from	2%	to	5.6%.	Careful	surgical	techniques,	adherence	to	sterility,	and	the	judicious	use	of	antibiotics	can	minimize	the	risk	of
postoperative	infections.	Some	infections	resolve	with	antibiotic	treatment	alone,	whereas	others	require	surgical	debridement	of	the	infected	area.	Consultation	or	referral	to	a	specialist	may	be	indicated	for	persistent	infections.	Lateral	Window	Sinus	Lift	The	lateral	window	sinus	lift	and	bone	augmentation	procedure	has	been	well	documented	and
reviewed	in	three	published	systematic	reviews.	Although	survival	rates	of	implants	placed	in	sinus-grafted	areas	has	been	shown	to	be	high	(95%),	there	are	intraoperative	and	postoperative	complications	associated	with	this	procedure.	The	most	common	intraoperative	complications	include	bleeding	and	perforation	of	the	Schneiderian	membrane.
Bleeding	usually	occurs	when	the	vascular	supply	to	the	lateral	wall	of	the	sinus	is	severed	or	damaged.	In	most	cases,	if	the	patient	does	not	have	an	underlying	bleeding	problem	and	is	not	taking	anticoagulants,	the	bleeding	is	usually	minor	and	relatively	easy	to	control	with	local	measures.	Perforation	of	the	Schneiderian	membrane,	as	reported	in
the	literature,	has	an	incidence	that	varies	from	11	%	to	56%	with	most	clinicians	reporting	an	incidence	of	approximately	20-30%.	Minor	membrane	perforations	can	be	treated	by	reflection	of	the	membrane	that	folds	on	itself,	whereas	medium-to-large	membrane	perforations	require	the	use	of	an	absorbable	membrane	placed	over	the	perforation	to
Crestal	(Osteotome)	Sinus	Lift	Another	method	of	sinus	elevation	and	bone	augmentation	involves	the	use	of	osteotomes.	This	technique	is	indicated	when	there	is	enough	native	bone	to	stabilize	the	implant	and	a	minimal	need	for	sinus	floor	elevation.	Bone	is	added	through	the	crestal	osteotomy	by	means	of	osteotomes	and	a	mallet,	the	floor	of	the
sinus	is	fractured,	and	the	Schneiderian	membrane	lifted	by	the	bone	graft	(see	Chapter	58).	This	method	is	thought	to	be	a	relatively	less-invasive	technique	of	great	utility	in	certain	patients.	However,	it	has	been	associated	with	the	complication	of	benign	paroxysmal	positional	vertigo	(BPPV),	which	has	been	described	as	a	consequence	of	working
the	implant	bed	with	osteotomes.	During	the	osteotomy	preparation	and	sinus	floor	elevation	using	the	osteotome	technique,	the	trauma	induced	by	percussion	with	the	surgical	hammer,	along	with	hyperextension	of	the	neck	during	the	operation,	can	displace	otoliths	in	the	inner	ear	and	induce	BPPV	It	has	been	reported	that	1.25%	of	the	patients
treated	suffered	vertigo	when	trying	to	sit	up	immediately	after	surgery	and	were	59	Periimplant	Disease	and	Management	731.e3	diagnosed	with	BPPV	Since	implant	treatment	is	increasingly	being	carried	out	on	older	patients,	and	because	of	the	widespread	use	of	bone	expansion	technique	with	osteotomes,	the	incidence	of	BPPV	can	be	expected
to	increase.	In	suspected	cases	of	BPPV,	the	patient	should	be	informed	about	the	condition	and	then	referred	to	an	otoneurologic	specialist	to	determine	which	semicircular	canal	is	affected	and	to	carry	out	the	appropriate	otolithic	reinstatement	maneuver.	To	prevent	this	complication,	care	should	be	taken	when	using	the	osteotome	technique.	The
application	of	manual	force	instead	of	hammer	percussion	and	the	use	of	a	surgical	fraise	in	combination	with	osteotomes	can	minimize	the	trauma	to	the	craniofacial	area,	especially	in	older	patients.	Many	alternative	techniques	for	a	crestal	approach	to	sinus	elevation	and	bone	augmentation	have	been	developed	including	the	use	of	inflatable
balloon	techniques,	selective	drill	systems,	and	piezoelectric	surgical	instruments	that	cut	bone	while	leaving	the	Schneiderian	membrane	intact	(see	Chapters	58).	These	newer	methods	should	be	considered	to	avoid	BPPV	a	surgical	stent,	round	bur,	sharp	initial	bur,	and	side	cutting	burs	can	avoid	slipping	and	improve	the	accuracy	of	implant	site
preparation	(see	Chapter	58).	Although	success	rates	of	implants	placed	with	an	IIP	are	excellent,	failure	to	attain	primary	stability	in	native	bone	apical	or	lateral	to	the	socket	may	increase	failure	rates.	Inability	or	lack	of	thorough	debridement	of	an	infected	or	compromised	(eg,	tooth	with	an	apicoectomy)	socket	may	also	increase	the	risks	of
failure.	Buccal	plate	resorption	and	gingival	margin	recession	postimplant	placement	may	expose	the	implant	surface	following	integration	of	the	implant	(see	Figs.	59.5	and	59	11)	This	may,	in	turn,	compromise	the	esthetic	results	or	necessitate	hard-	and	soft-tissue	augmentation	procedures	to	improve	the	esthetic	outcome.	A	recent	published	case
series	documented	this	problem	for	IIP	postextraction	without	flap	elevation.	The	risk	of	the	previously	mentioned	complications	may	be	decreased	with	proper	case	selection,	proper	procedures,	and	experience	in	using	this	protocol.	Until	clinicians	have	the	knowledge	and	experience	to	use	an	IIP	protocol,	they	should	avoid	using	it	in	the	esthetic
zone.	Complications	Related	to	Placement	and	Loading	Protocols	Immediate	Loading	After	Implant	Placement	The	traditional	implant	placement	protocol	required	a	healed	edentulous	ridge	into	which	implants	were	placed	and	allowed	to	osseointegrate	for	a	period	of	3-6	months	without	occlusal	loading	(see	Chapter	58).	In	contrast	to	these	early
standards,	some	current	protocols	advocate	dramatically	different	approaches,	including	(1)	implant	placement	immediately	after	tooth	extraction,	(2)	implant	loading	immediately	after	placement,	and	(3)	flapless	implant	placement	surgery.	Each	of	these	approaches	has	distinct	advantages	but	are	also	accompanied	by	specific	risks	of	complications.
The	most	common	complications	associated	with	these	newer,	developing	protocols	are	discussed	in	this	section.	Branernark	established	the	concept	and	predictability	of	the	osseointegrated	dental	implant	based	on	a	requirement	for	an	unloaded	healing	period	of	3-6	months.	This	original	protocol	purported	that	premature	loading	would	cause
micromotion	of	the	dental	implant	leading	to	fibrous	encapsulation	and	implant	failure.	However,	several	studies	in	the	dental	literature	have	shown	that	immediately	loaded	dental	implants	can	have	success	rates	similar	to	that	of	conventionally	loaded	dental	implants.	Whether	restoring	a	single	tooth	or	a	complete	dentition,	there	are	many
advantages	to	early	or	immediate	loading.	It	is	critical	to	recognize	that	these	advantages	may	come	with	increased	risks	for	complications	and	failures.	The	most	significant	complications	are	failure	to	achieve	primary	stability	and	implant	failure.	Studies	have	shown	that	using	longer	and	wider	implants	can	provide	increased	success	rates	when
immediately	loading	the	dental	implant.	In	addition,	when	placing	multiple	implants	in	an	edentulous	area,	the	implants	should	be	placed	in	a	fashion	that	maximizes	the	anterior	to	posterior	spread	leading	to	a	greater	distribution	of	forces	over	a	wider	area	and	a	reduction	in	cantilever	forces.	Studies	have	suggested	that	implants	placed	around	the
arch	lead	to	what	is	known	as	cross-arch	stabilization,	which	can	decrease	the	individual	force	and	motion	experienced	by	any	individual	implant.	For	the	fully	edentulous	case	a	minimum	of	four	to	six	implants	of	adequate	size,	good	stability,	and	properly	spaced	throughout	the	ridge	are	recommended	to	improve	success	with	immediate	load	case.
Mandibular	cases	may	require	fewer	implants	than	maxillary	cases	because	of	greater	bone	density,	especially	in	the	interforaminal	region.	If	the	opposing	arch	is	restored	with	a	removable	prosthesis,	fewer	implants	may	be	needed	to	immediately	support	a	restoration	because	of	a	decreased	opposing	occlusal	force.	Other	contributing	factors
associated	with	increased	failure	rates	of	immediately	loaded	implants	include	implant	surface	and	implant	design.	Lower	success	rates	with	immediately	loaded	implants	have	been	reported	with	smooth	(ie,	turned/	machined)	surface	implants,	especially	in	cases	of	single	tooth	immediately	loaded	restorations.	Studies	have	also	suggested	Immediate
Implant	Placement	Immediate	implant	placement	(IIP)	is	a	protocol	that	places	an	implant	in	an	extraction	socket	immediately	after	tooth	removal	and	socket	debridement.	This	procedure	was	originally	described	by	Schulte	et	al	and	Lazzara	and	has	been	reported	to	have	similar	implant	survival	rates	as	implants	placed	into	healed	ridges	with	long-
term	survival	rates	of	approximately	94%.	The	advantages	of	this	protocol	include	fewer	surgical	procedures	(and	decreased	morbidity),	decreased	time	of	treatment,	decreased	cost,	and	decreased	soft-tissue	healing	time	by	avoiding	flap	reflection	and	advancement.	However,	as	with	any	surgical	protocol,	complications	are	possible	and	there	are
specific	complications	associated	with	IIP	These	include	implant	failure,	poor	implant	position,	bone	loss,	recession	of	the	periimplant	marginal	soft	tissues,	and	compromised	esthetic	outcomes.	After	tooth	extraction,	there	may	be	a	compromised	socket	as	the	result	of	pathology	(periodontal,	endodontal,	or	fracture)	of	the	hopeless	tooth.	Proper
implant	position	may	be	difficult	to	establish	when	the	socket	walls	are	missing	or	deficient.	For	example,	the	implant	osteotomy	for	extracted	maxillary	anterior	teeth	should	be	made	on	the	lingual	incline	of	the	lingual	wall	of	the	socket.	Quite	often	the	burs	will	"slip"	buccally	causing	the	osteotomy	to	be	made	too	far	to	the	buccal	or	at	an	undesired
angulation.	Careful	use	of	731.e4	PART	3	Oral	lmplantology	that	the	macrodesign	features	of	an	implant	(eg,	threaded	vs	cylindrical)	can	affect	initial	stability	and	success	rates	in	immediately	loaded	cases.	Two	studies	have	concluded	that	patient	bruxism,	clenching,	and	the	posterior	maxilla	may	reduce	the	likelihood	of	implant	success	under	an
immediate	loading	protocol.	Complications	of	immediately	loaded	implants	can	also	arise	from	a	poorly	constructed	or	inserted	restoration	despite	all	things	going	well	with	the	surgical	placement.	Extreme	care	must	be	taken	to	achieve	a	passive	fit	of	restoration	and	to	eliminate	nonworking	or	balancing	contacts	on	the	restoration.	In	addition,	in	full
arch	cases	that	were	immediately	loaded,	the	restoration	must	be	designed	to	withstand	direct	occlusal	force.	This	can	be	accomplished	via	a	rigid	connection	and	splinting	the	implants	together	in	a	cross-arch	fashion.	Loosening	or	unseating	of	the	provisional	restoration	usually	indicates	mismanagement	of	occlusal	forces	and	is	an	early	predictor	of
failure.	Immediately	loading	dental	implants	is	a	technique	that	offers	many	advantages	but	can	also	increase	the	incidence	of	complications	and	failure.	This	technique	should	only	be	performed	by	an	experienced	operator	who	is	prepared	and	informed.	Controlling	micromotion	postloading	is	tantamount	to	success.	Meticulous	case	selection,	which
incorporates	crossarch	stabilization,	controlling	occlusal	overload,	minimizing	cantilevers,	and	increasing	the	anterior-posterior	distribution	of	implant	placement,	can	significantly	increase	the	success	rates	of	loading	dental	implants	immediately	after	placement.	Implant	Placement	Using	a	Flapless	Approach	Flapless	implant	surgery	is	the	placement
of	a	dental	implant	without	elevation	of	the	epithelium,	connective	tissue,	and	periosteum	covering	the	alveolar	bone.	It	is	performed	by	either	drilling	through	the	soft	tissue	with	twist	drills	or	by	first	removing	a	small	circular	section	of	the	soft	tissue	(Fig.	59.	l	9A)	and	preparing	the	osteotomy,	and	placing	the	implant	(Fig.	59	19B)	without	reflecting
a	full-thickness	flap.	Flapless	surgery	has	been	shown	to	be	successful	and	has	many	advantages	because	it	is	minimally	invasive.	The	benefits	of	flapless	surgery	include	a	decrease	in	associated	surgical	morbidity,	including	postoperative	pain,	ecchymosis,	and	swelling,	as	well	as	a	reduction	in	surgical	time	and	intraoperative	bleeding.	Studies	show
that	when	a	full-thickness	mucoperiosteal	flap	is	raised,	there	is	loss	of	bone	volume,	while	a	flapless	approach	results	in	less	bone	resorption.	The	lack	of	operator	visualization	of	the	alveolus	when	preparing	osteotomies	and	placing	implants	may	increase	the	potential	for	complications.	The	most	common	problems	associated	with	flap	less	surgery
are	the	loss	of	keratinized	tissue	when	excising	the	crestal	"circle"	of	soft	tissue	and	improper	positioning	of	the	dental	implant	within	the	bone	resulting	from	a	lack	of	direct	vision.	Improper	positioning	may	result	in	a	dehiscence/fenestration	defect	(Fig.	59.20)	or	damage	to	adjacent	vital	structures.	An	anatomically	correct	computer-generated
surgical	guide	fabricated	from	a	three-dimensional	CT	or	CBCT	scan	is	recommended	when	performing	flapless	surgery	to	reduce	potential	implant	malposition	complications.	There	are	several	systems	(ie,	Nobelguide,	Materialize	SurgiGuide)	that	can	generate	a	precise	surgical	guide	with	metal	sleeves	of	exact	dimension	that	can	direct	the	implant
into	proper	position	FIGURE	59.19	A,	Removal	of	small	circular	section	of	tissue	prior	to	osteotomy.	B,	Dental	implant	in	place.	(Fig.	59	21).	These	guides	are	usually	used	in	fully	edentulous	arches	and	have	fixation	screws	that	keep	them	in	place.	When	using	a	flapless	approach,	before	initiating	the	osteotomy,	the	operator	should	sound	the	soft
tissue	with	a	periodontal	probe	to	ascertain	the	tissue	thickness	and	account	for	this	dimension	when	determining	the	final	position	of	the	implant	platform	in	the	apical-coronal	dimension	(Fig.	59.22).	A	common	complication	is	placement	of	the	implants	apical	to	the	crestal	bone	because	it	is	difficult,	even	with	a	punch,	to	visualize	the	alveolar	bony
crest	in	relation	to	the	platform	of	the	implant.	If	this	occurs,	it	is	difficult	to	fully	seat	the	abutment.	Therefore,	the	relationship	between	implant	and	abutment	connection	must	be	verified	by	periapical	radiographs.	If	bone	prevents	abutment	seating,	the	implant	must	be	backed	out	until	it	is	at	the	crest	or	the	bone	must	be	removed	with	a	profile
drill.	If	a	fenestration	occurs	when	placing	the	dental	implant,	full	flap	reflection	is	required,	and	GBR	procedures	should	be	performed	to	augment	the	bone	and	cover	the	fenestration.	Although	flapless	implant	surgery	has	many	beneficial	features,	it	is	a	technique-sensitive	procedure	that	requires	surgical	experience,	an	accurate	surgical	guide,	and
knowledge	of	the	anatomy	surrounding	the	planned	implant	site.	Prosthetic	or	Mechanical	Complications	Prosthetic	or	mechanical	complications	occur	when	the	strength	of	materials	is	no	longer	able	to	resist	the	forces	that	are	being	applied.	As	materials	fatigue,	they	begin	to	stretch	FIGURE	59.20	A,	Preoperative	clinical	view	of	missing	single
tooth	#5.	There	appears	to	be	good	alveolar	ridge	shape	with	adequate	keratinized	gingiva.	B,	Radiograph	showing	good	bone	height	and	mesial-distal	space	available	for	single	tooth	implant.	C,	Occlusal	view	of	circular	"punch"	incision	used	to	access	bone	and	prepare	implant	osteotomy.	D,	Full	flap	reflection	(after	noticing	suspicious	protrusion	in
labial	vestibule)	revealed	implant	protruding	out	of	alveolar	bone	on	buccal	surface.	FIGURE	59.21	A,	Clinical	view	of	computer-generated	surgical	guide	showing	metal	drill	sleeves	in	the	position	of	planned	implants.	B,	Clinical	view	(buccal)	of	implant	mounts	emerging	from	gingival	showing	accurate	placement	of	four	implants	in	the	posterior
maxilla	using	the	computergenerated	surgical	guide.	C,	Photo	of	three	surgical	guides	with	increasing	sleeve	diameter	that	are	used	in	the	sequence	of	implant	site	preparation.	D,	Radiographic	view	of	four	implants	placed	in	the	planned	position	using	the	computer-generated	surgical	guide.	731.e6	PART	3	Oral	lmplantology	retained	by	multiple
implants,	the	ability	to	detect	a	loose	screw	is	greatly	diminished	and	the	problem	may	go	unnoticed	until	additional	screws	stretch,	fatigue,	and	fracture.	In	either	case,	the	biomechanical	support	(and	resistance)	for	the	restoration	must	be	evaluated	and	if	possible,	changed	to	prevent	recurrence	of	the	problem.	Implant	Fracture	FIGURE	59.22	Use
of	a	periodontal	probe	to	sound	the	bone	and	measure	the	soft-tissue	thickness	over	the	bone	in	the	proposed	implant	site.	and	bend;	ultimately,	depending	on	the	applied	forces,	they	will	fracture.	Material	failures,	in	turn,	lead	to	prosthetic	complications	such	as	loose,	broken,	and	failed	restorations.	The	ultimate	mechanical	failure	is	implant
fracture	because	it	results	in	loss	of	the	implant	and	possibly	the	prosthesis	(Fig.	59.23).	Furthermore,	removal	of	a	fractured	implant	creates	a	large	osseous	defect.	Factors	such	as	fatigue	of	implant	materials	(Fig.	59.24)	and	weakness	in	prosthetic	design	or	dimension	are	the	usual	causes	of	implant	fractures.	Balshi	listed	three	categories	of	causes
that	may	explain	implant	fractures:	(1)	design	and	material,	(2)	nonpassive	fit	of	the	prosthetic	framework,	and	(3)	physiologic	or	biomechanical	overload.	Patients	with	bruxism	seem	to	be	at	higher	risk	for	such	events	and	therefore	need	to	be	screened,	informed,	and	managed	accordingly.	These	patients	should	be	fitted	with	occlusal	guards	in
conjunction	with	placement	of	the	final	prostheses.	Screw	Loosening	and	Fracture	Screw	loosening	has	been	reported	to	occur	quite	frequently	in	screw-retained	FPDs.	Screw-retained	single	crowns	attached	to	externally	hexed	implants	(ie,	those	with	narrow-	or	standard-diameter	restorative	interface	connection	surfaces)	are	particularly	prone	to
this	type	of	mechanical	complication.	Studies	have	reported	screw	loosening	in	6-49%	of	cases	at	the	first	annual	checkup.	Screw	loosening	was	a	more	prevalent	problem	with	earlier	designs.	For	example,	abutment	screws	were	previously	made	with	titanium,	which	did	not	offer	the	clamping	forces	of	current	materials.	Newer	abutment	designs	and
improved	abutment	screws	allow	for	an	increased	clamping	force	to	be	achieved	without	excessive	torque	levels,	which	has	helped	to	reduce	the	rate	of	screw	loosening.	Abutment	or	prosthesis	screw	loosening	is	often	corrected	by	retightening	the	screws.	Over	time,	however,	if	screws	continue	to	be	stretched,	they	become	fatigued	and	eventually
fracture.	This	problem	is	evident	in	the	patient	with	a	loose	single	crown.	However,	in	the	patient	with	a	prosthesis	FIGURE	59.24	Implant	fractured	at	internal	connection	collar	resulting	from	fatigue.	This	collar	fracture	was	caused	by	rotational	forces	applied	to	the	implant	at	the	time	of	placement	into	dense	bone.	The	fracture	was	likely	the	result
of	a	combination	of	material	weakness	and	density	of	the	prepared	site.	FIGURE	59.23	A,	Radiograph	of	fractured	implant	(standard	diameter)	used	to	support	a	molar-sized	single	crown	in	the	posterior	mandible.	B,	Crown	and	coronal	portion	of	implant	(same	as	that	shown	in	A)	that	fractured	between	the	third	and	fourth	threads.	59	Periimplant
Disease	and	Management	731.e7	FIGURE	59.25	Fractured	porcelain	from	incisal	edges	of	implantsupported	FPO.	Fracture	of	Restorative	Materials	Fracture	or	failure	of	materials	used	for	implant-retained	restorations	can	be	a	significant	problem.	This	is	particularly	true	for	veneers	(acrylic,	composite,	or	ceramic)	that	are	attached	to
superstructures	(Fig.	59.25).	Esthetic	and	Phonetic	Complications	Esthetic	Complications	The	challenge	of	modern	implant	dentistry	is	achieving	an	esthetic,	as	well	as	a	functional,	implant	restoration.	Harmonious	tooth	shape,	size,	and	ideal	soft-tissue	contours	are	key	factors	for	successful	esthetic	outcomes.	Esthetic	complications	arise	when
patient	expectations	are	not	met.	Patient	satisfaction	with	the	esthetic	outcome	of	the	implant	prosthesis	vary	from	patient	to	patient,	depending	on	a	number	of	factors.	As	mentioned	earlier,	the	risk	for	esthetic	complications	is	increased	for	patients	with	high	esthetic	expectations	and	less-than-optimal	patient-related	factors	(eg,	high	smile	line,	thin
periodontal	soft	tissues,	or	inadequate	bone	quantity	and	quality).	In	addition	to	the	actual	appearance	of	the	final	restoration,	individual	perceptions	and	desires	determine	the	acceptance	of	the	results.	Esthetic	complications	result	from	poor	implant	position	and	deficiencies	in	the	existing	anatomy	of	the	edentulous	sites	that	were	reconstructed
with	implants.	An	important	prerequisite	for	achieving	optimal	gingival	tissue	contour	is	sufficient	periimplant	bone	to	support	the	soft	tissues.	Hardtissue	defects	can	be	treated	by	a	variety	of	bone	augmentation	procedures.	Implant	placement	in	the	esthetic	zone	requires	precise	three-dimensional	tissue	reconstruction	and	ideal	implant	placement.
This	reconstructive	procedure	enables	the	restorative	dentist	to	develop	a	natural	emergence	profile	of	the	implant	crown.	If	the	amount	of	available	bone	does	not	allow	for	ideal	implant	placement	and	if	the	implant	is	positioned	too	apical,	buccal,	or	in	the	proximal	space,	an	unesthetic	prosthetic	profile	will	be	developed	(Fig.	59.26).	If	crown
contours	and	dimensions	are	not	ideal	or	if	gingival	harmony	around	the	implant	restoration	is	unesthetic,	the	patient	may	consider	the	implants	or	restorations	as	complications	because	the	outcome	does	not	represent	a	natural	appearance	(Fig.	59.27).	Gingiva-colored	materials	used	to	replace	lost	gingival	anatomy	can	offer	an	alternative	to
surgical	augmentation	in	patients	undergoing	implant	therapy	FIGURE	59.26	Poor	implant	position	makes	it	impossible	to	restore	with	an	esthetic,	"natural	appearing"	restoration.	A,	Anterior	view	with	removable	partial	dentures	inserted.	B,	Anterior	view	without	removable	partial	dentures.	Notice	the	high	level	of	implant	cover	screw/head	exposure
(maxillary	right	lateral	incisor)	that	is	significantly	apical	to	the	level	of	the	adjacent	natural	tooth	(cuspid)	gingival	margin.	C,	Occlusal	view	of	same	patient.	Again,	notice	the	labial	projection	of	same	implant	(maxillary	right	lateral	incision),	as	well	as	the	palatal	position	of	the	implant	in	premolar	area.	Any	attempt	to	restore	the	anterior	implants
would	not	be	esthetically	acceptable.	(Fig.	59.28).	These	restorations	provide	numerous	advantages	over	conventional	restorations,	including	improved	lip	support,	masking	of	interproximal	spaces,	and	restoration	of	gingival	symmetry	in	selected	cases.	If	the	patient	is	truly	dissatisfied	with	the	esthetic	result	and	there	is	a	problem	with	the	position
of	the	implants	that	can	be	corrected	(ie,	the	patient's	expectations	are	reasonable),	the	implants	could	be	removed;	the	case	could	be	reevaluated	and	possibly	retreated.	However,	the	clinician	should	consider	prosthetic	solutions	before	implant	removal.	Use	of	angulated	731.eB	PART	3	Oral	lmplantology	FIGURE	59.27	High	gingival	margin	on
single-tooth	implant	crown	in	the	maxillary	lateral	incisor	position.	Notice	the	discrepancy	between	gingival	margin	levels	of	the	implant	and	the	adjacent	natural	teeth.	abutments,	superstructures,	and	gingiva-colored	materials	may	result	in	an	acceptable	esthetic	result,	thus	avoiding	multiple	surgeries	necessary	to	rebuild	hard	and	soft	tissue	if	an
integrated	implant	is	removed.	Careful	patient	evaluation	and	treatment	planning	along	with	a	solid	understanding	and	appreciation	for	the	predictability	and	limitations	of	implant	procedures	will	minimize	esthetic	complications.	Patients	with	a	high	smile	line,	high	esthetic	demands,	thin	periodontium,	or	lack	of	hard-	and	soft-tissue	support	in	the
anterior	esthetic	region	are	some	of	the	most	difficult	cases	to	treat	and	should	only	be	treated	after	extensive	planning	by	experienced	clinicians.	FIGURE	59.28	Pink	porcelain	used	on	implant-supported	fixed	restoration	to	mask	the	high	gingival	margin	and	long	implant	crowns	resulting	from	an	uncorrected	alveolar	ridge	defect.	Phonetic	Problems
Implant	prostheses	that	are	fabricated	with	unusual	palatal	contours	(eg,	restricted	or	narrow	palatal	space)	or	that	have	spaces	under	and	around	the	superstructure	can	create	phonetic	problems	for	the	patient.	This	is	particularly	problematic	when	full-arch,	implant-supported,	fixed	restorations	are	fabricated	for	patients	who	have	a	severely
atrophied	maxilla.	These	patients	are	probably	best	served	with	an	implantassisted	maxillary	overdenture	because	the	design	facilitates	replacement	of	missing	alveolar	structure	and	avoids	creating	spaces	that	allow	air	to	escape	during	speech.	59	Peri	implant	Disease	and	Management	REFERENCES	1.	Achilli	A,	Tura	F,	Euwe	E:	Immediate/early
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does	not	end	with	the	final	prosthetic	restoration	of	the	implant.	Predictability	and	long-term	success	of	a	dental	implant	and	its	restoration	require	sound	treatment	planning,	precise	surgical	and	restorative	execution,	and	impeccable	long-term	maintenance,	which	is	contingent	on	patient	compliance	with	home	care	and	professional	supportive
implant	treatment.	Periimplant	maintenance	begins	as	the	implant	becomes	exposed	to	the	oral	cavity	and	continues	at	regular	intervals	during	the	life	of	the	implant.	The	recall	interval	is	determined	by	the	patient's	oral	hygiene	and	susceptibility	to	plaque-induced	inflammatory	diseases.	Initially,	for	the	first	year	after	treatment,	recall	maintenance
visits	should	be	scheduled	at	3-month	intervals	and	then	adjusted	to	suit	the	patient's	individual	needs.	Some	patients	(those	who	have	good	oral	hygiene,	minimal	deposits,	and	disease	resistance)	will	require	infrequent	professional	hygiene	maintenance,	whereas	others	(those	who	have	poor	oral	hygiene,	heavy	deposits,	and	disease	susceptibility)
will	require	more	frequent	follow-up	care.	Rationale	for	Supportive	Implant	Treatment	Although	dental	implants	are	not	vulnerable	to	dental	caries,	they	are	still	susceptible	to	mechanical	complications	and	periimplant	plaque-induced	inflammatory	tissue	changes.	A	10year	retrospective	study	of	397	fixed-implant	reconstructions	in	300	patients
observed	a	mechanical	complication	rate	of	2	4.	7%.	The	most	frequent	complication	was	ceramic	chipping	(20.31	%),	followed	by	occlusal	screw	loosening	(2.57%),	and	loss	of	retention	(2.06%).	Although	relatively	infrequent,	occlusal	screw	loosening	can	result	in	a	subgingival	gap	at	the	implant-abutment	junction	that	retains	plaque	and	stimulates
an	inflammatory	reaction	in	both	the	soft	and	hard	tissue.	Biologically,	periimplant-plaque	accumulation	due	to	inadequate	or	lack	of	access	for	oral	hygiene	can	result	in	periimplant	mucositis	and	periimplantitis.	Periimplant	mucositis	is	characterized	by	inflammation	confined	to	the	soft	tissue	and	is	reported	to	affect	up	to	80%	of	patients	with
dental	implants.	Periimplantitis	is	characterized	by	periimplant	inflammation	with	progressive	crestal	bone	loss	beyond	the	initial	remodeling.	The	prevalence	of	periimplantitis	in	patients	ranges	from	11.2-53%.	Poor	oral	hygiene,	residual	cement,	current	or	history	of	periodontitis,	cigarette	smoking,	and	diabetes	mellitus	are	risk	factors	for
periimplant	diseases.	The	relationship	between	periimplant	mucositis	and	periimplantitis	is	similar	to	that	of	gingivitis	and	periodontitis.	Although	periimplant	mucositis	does	not	necessarily	progress	to	periimplantitis,	it	is	likely	the	precursor	to	periimplantitis.	The	inflammatory	response	in	periimplant	disease	appears	to	be	similar	to	that	in
periodontal	disease.	However,	severity	and	rate	of	disease	progression	appear	to	be	more	pronounced	around	implants.	This,	perhaps,	is	due	to	the	absence	of	a	"selflimiting"	process,	observed	in	periodontitis,	around	implants	that	separates	the	inflammatory	cell	infiltrate	from	the	bone.	Experimental	models	demonstrated	that	periimplant	mucositis
is	reversible	at	the	biomarker	level	[matrix	metalloproteinase	8	(MMP-8)	and	interleukin-If	(IL-1~)].	A	review	of	the	literature	reported	that	periimplant	mucositis	can	be	effectively	treated	with	nonsurgical	mechanical	therapy	while	such	modalities	tend	to	be	ineffective	against	periimplantitis.	Furthermore,	results	of	surgical	treatment	for
periimplantitis	are	not	predictable.	For	these	reasons,	the	prevention,	early	detection,	and	early	treatment	of	periimplant	diseases	are	critical.	Periodic	and	well-regimented	supportive	implant	treatment	is	essential	to	the	long-term	success	of	dental	implant	therapy.	Examination	of	lmpfant(s)	The	supportive	implant-treatment	appointment	should
include:	an	inquiry	of	any	new	concerns,	problems,	or	pain;	review	of	changes	in	the	patient's	medical	and	oral	status;	evaluation	and	reinforcement	of	oral	hygiene;	examination	and	evaluation	of	soft	and	hard	tissue	health;	evaluation	of	implants	and	the	associated	implant	restorations'	stability	and	integrity;	and	professional	supportive	treatment.
Finally,	assessment	should	be	made	to	determine	the	appropriate	recall	interval	and	plan	for	the	next	visit.	733	734	PART	3	Oral	lmplantology	FIGURE	60.1	Periimplantitis.	A	and	B,	Minimal	plaque	accumulation.	Periimplant	mucosa	exhibits	minimal	erythema	and	edema.	Note:	buccal	placement	of	implant	in	B.	C,	Manipulation	of	tissue	indicates	lack



of	buccal	keratinized	attached	gingiva	and	exudation	from	periimplant	sulcus	(arrow).	D,	Periapical	radiograph	shows	periimplant-bone	loss	to	the	apex	of	the	implant.	Examination	begins	with	visual	inspection	for	plaque	and	calculus	accumulation;	signs	of	inflammation	and	swelling;	periimplant	soft-tissue	quality,	color,	consistency,	and	contour;	and
aberrations	in	the	implant	prostheses.	Periimplant	soft	tissue	can	be	digitally	palpated	to	detect	edema,	tenderness,	exudation,	or	suppuration.	Periimplant	probing	can	be	used	to	assess	the	condition	and	level	of	soft	and	hard	tissues	surrounding	implants.	When	indicated,	radiographic	images	can	be	obtained	to	help	verify	the	level	of	the	periimplant
crestal	bone.	Determination	of	implant	stability	(mobility)	and	percussion	testing	can	help	verify	implant	osseointegration	(Fig.	60.1)	Periimplant	Probing	Probing	of	implants	can	be	done	with	light	force	(0	25	N)	using	a	traditional	steel	probe	without	adverse	effects	to	the	periimplant	mucosa.	Implant	probing	should	be	recorded	at	the	time	of	final
restoration	delivery	as	the	baseline	measurement	and	at	least	annually	thereafter.	Clinicians	should	use	caution	when	evaluating	periimplant	probing	because	these	measures	cannot	be	interpreted	the	same	as	probing	depths	around	teeth.	While	periodontal	probing	around	natural	teeth	is	very	useful	to	assess	the	health	of	periodontal	tissues,	the
sulcus	or	pocket	depth,	and	the	level	of	attachment,	probing	around	implants	may	not	provide	comparable	results.	Due	to	distinct	differences	in	the	tissues	that	surround	and	support	teeth	compared	to	those	that	surround	and	support	implants,	the	probe	inserts	and	penetrates	differently.	Around	teeth,	the	periodontal	probe	is	resisted	by	the	health
of	the	periodontal	tissues	and,	perhaps	most	importantly,	by	the	insertion	of	supracrestal	connective	tissue	fibers	into	the	cementum	of	the	root	surface.	These	fibers,	unique	to	teeth,	are	the	primary	source	of	resistance	to	the	probe.	There	is	no	equivalent	fiber	attachment	around	implants.	Connective	tissue	fibers	around	implants	generally	run
parallel	to	the	implant	or	restorative	surface	and	do	not	have	perpendicular	or	inserting	fibers	(see	Chapter	56).	The	primary	source	of	resistance	to	the	probe	around	an	implant	will	differ	depending	on	the	conditions	surrounding	the	implant.	At	noninflamed	sites,	the	most	coronal	aspect	of	connective	tissue	adhesion	to	the	implant	will	resist	the
probe.	At	inflamed	sites,	the	probe	tip	consistently	penetrates	farther	into	the	connective	tissue	until	less	inflamed	connective	tissue	is	encountered,	which	is	often	close	to	or	at	the	level	of	bone.	The	value	of	periimplant	probing	is	different	than	periodontal	probing	and	offers	very	limited	information	by	comparison.	Probing	around	implants	can
measure	the	level	of	the	mucosa!	margin	relative	to	a	fixed	position	on	the	implant	or	restoration	and	can	also	measure	the	depth	of	tissue	around	the	implant.	The	periimplant	probing	depth	is	often	a	measure	of	the	thickness	of	the	surrounding	connective	tissues	and	correlates	most	consistently	with	the	level	of	surrounding	bone.	However,
periimplant	probing	is	affected	by	several	conditions,	including	the	size	of	the	probe,	the	force	and	direction	of	insertion,	the	health	and	resistance	of	periimplant	tissues,	the	level	of	bone	support,	the	features	of	the	implant,	abutment,	and	prosthesis	design	(Fig.	60.2).	A	comparison	of	probing	pocket	depth	of	implants	with	periimplantitis	before	and
after	the	removal	of	the	prosthetic	restorations	reported	similar	probing	depths	in	only	3	7%	of	sites.	In	39%	of	sites,	the	difference	was	±1	mm,	in	15%	of	sites,	it	was	±2	mm,	and	in	9%	of	sites,	it	was	±3	mm.	In	other	words,	probing	measurements	can	be	an	accurate	measure	of	soft-tissue	thickness	around	an	implant	(ie,	periimplant	soft	tissue
above	the	bone	level),	but	in	many	cases	or	sites,	the	inability	to	properly	angle	and	direct	the	probe	alongside	of	the	implant	may	lead	to	the	inaccurate	assessment	of	soft-tissue	thickness.	In	60	Supportive	Implant	Treatment	735	of	an	overwhelming	bacterial	insult	and	subsequent	host	response.	Furthermore,	human	biopsies	indicate	that
periimplantitis	and	periodontitis	exhibit	similar	histologic	features	including	an	inflammatory	cell	infiltrate	in	the	connective	tissue	dominated	by	B	lymphocytes	and	plasma	cells,	as	well	as	upregulation	of	inflammatory	biomarkers.	No	convincing	evidence	indicates	that	laboratory	tests	for	the	identification	of	suspected	periodontal	pathogens	are	of
any	use	in	the	evaluation	of	implants.	The	usefulness	of	microbial	testing	may	be	limited	to	the	evaluation	of	periimplant	sites	that	show	signs	of	infection	and	bone	loss,	so	the	clinician	can	prescribe	appropriate	antibiotics.	FIGURE	60.2	ration.	Buccal	probing	of	implant	impeded	by	implant	resto-	these	situations,	the	clinician	must	appreciate	the
limitations	and	know	that	other	clinical	parameters	and	radiographs	are	required	to	help	evaluate	periimplant	condition.	Furthermore,	probing	around	implants	is	likely	to	be	more	variable	than	around	teeth;	studies	have	shown	that	a	change	in	probing	force	around	implants	results	in	more	dramatic	changes	than	a	similar	change	in	probing	force
around	teeth.	The	probing	depth	around	implants	presumed	to	be	"healthy"	(and	without	bleeding)	has	been	documented	to	be	about	3	mm	around	all	surfaces.	The	absence	of	bleeding	on	probing	around	teeth	has	been	established	as	an	indicator	of	health	and	a	predictor	of	periodontal	stability.	Studies	comparing	bleeding	on	probing	around	teeth
and	implants	in	the	same	patient	have	reported	that	bleeding	around	implants	occurs	more	frequently.	The	presence	of	bleeding	on	probing	at	implant	sites	may	indicate	inflammation	in	the	periimplant	mucosa.	However,	the	ability	to	use	bleeding	on	probing	as	an	indicator	of	assessing	diseased	versus	healthy	sites	around	implants	has	not	been
established.	Due	to	the	potential	for	false-positive	bleeding	(ie,	provoked-bleeding)	with	probing,	the	use	of	marginal	bleeding,	which	is	a	more	sensitive	indicator	of	inflammation	and	is	less	likely	to	elicit	false-positive	bleeding,	has	been	proposed	to	assess	periimplant	inflammation.	Marginal	bleeding	can	be	evaluated	by	running	a	probe
circumferentially	along	the	coronal	portion	in	the	implant	sulcus.	Overall,	the	value	of	periimplant	probing	is	in	monitoring	changes	in	the	probing	pocket	depth	over	time	rather	than	the	initial	value	as	some	implants	may	be	placed	apically	for	esthetics.	Microbial	Testing	Studies	in	animals	and	humans	have	demonstrated	the	development	of
periimplant	mucosa!	inflammation	in	response	to	the	accumulation	of	bacterial	plaque.	Microbiologic	studies	suggest	that	greater	probing	depths	or	"pockets"	around	implants	harbor	higher	levels	of	pathogenic	microorganisms.	Studies	have	also	documented	similarities	in	the	microbial	composition	of	plaque	in	healthy	periodontal	sites	compared	to
healthy	periimplant	sites.	Likewise,	evidence	indicates	that	the	microbiota	of	diseased	periodontal	pockets	harbor	the	same	periodontal	pathogenic	microorganisms	as	those	observed	in	inflamed	periimplant	sites	(periimplantitis).	However,	there	is	no	evidence	to	prove	that	periodontal	pathogens	cause	periimplant	disease	and	the	pathogenesis	of
inflammatory	disease	around	implants	has	not	been	defined.	A	recent	report	now	generally	accepts	the	belief	that	periimplant	disease,	like	periodontal	disease,	occurs	primarily	as	a	result	Stability	Measures	The	assessment	of	implant	stability	(or	mobility)	is	an	important	measure	for	determining	whether	osseointegration	is	being	maintained.
Important	as	it	is,	however,	this	measure	has	extremely	low	sensitivity	but	high	specificity;	that	is,	an	implant	may	exhibit	significant	bone	loss	and	remain	stable.	Stability	measure	in	this	case	has	a	low	sensitivity	for	the	detection	of	any	bone	loss.	Conversely,	if	any	implant	mobility	is	detected,	it	is	likely	that	the	implant	is	not	surrounded	by	bone;
mobility	is	highly	specific	for	the	detection	of	implant	failure	or	lack	of	osseointegration.	Mobility	must	be	differentiated	between	loss	of	implant	osseointegration	and	loose	implant	restoration.	There	is	a	great	interest	in	evaluating	the	stability	of	the	bone-to-implant	contact	in	a	noninvasive	manner.	Two	noninvasive	techniques	that	have	been	used	for
evaluating	implant	stability	are	impact	resistance	(eg,	Periotest)	and	resonance	frequency	analysis	(RFA).	Originally	designed	to	evaluate	tooth	mobility	quantitatively,	the	Periotest	(Gulden,	Bensheim,	Germany)	is	a	noninvasive,	electronic	device	that	provides	an	objective	measurement	of	the	reaction	of	the	periodontium	to	a	defined	impact	load
applied	to	the	tooth	crown.	The	Periotest	value	depends	to	some	extent	on	tooth	mobility	but	mainly	on	the	dampening	characteristics	of	the	periodontium.	Despite	the	dependence	on	the	periodontium,	the	Periotest	has	been	used	to	evaluate	implant	stability	as	well.	However,	unlike	teeth,	the	movement	of	implants	and	the	surrounding	bone	are
minuscule	and	therefore	the	Periotest	values	fall	within	a	much	smaller	range	compared	to	the	range	found	with	teeth.	Detection	of	horizontal	mobility	may	be	a	significant	advantage	for	the	use	of	the	Periotest	because	it	is	much	more	sensitive	to	horizontal	movement	than	similar	detection	by	other	means,	such	as	manual	assessment.	Another
noninvasive	method	used	to	measure	the	stability	of	implants	is	with	RFA.	This	method	uses	a	transducer	that	is	attached	to	the	implant	or	abutment.	A	steady-state	signal	is	applied	to	the	implant	through	the	transducer	and	a	response	is	measured.	The	RFA	value	is	a	function	of	the	stiffness	of	the	implant	in	the	surrounding	tissues.	The	stiffness	is
influenced	by	the	implant,	the	interface	between	the	implant	and	bone	and	soft	tissues,	as	well	as	the	surrounding	bone	itself.	Additionally,	the	height	of	the	implant	or	abutment	above	the	bone	will	influence	the	RFA	value.	Unlike	the	Periotest,	however,	the	RFA	is	not	dependent	on	movement	in	only	one	direction.	Thus,	the	absolute	RFA	values	vary
from	one	implant	design	to	another	and	from	one	site	to	another	but	there	is	high	consistency	for	any	one	implant	or	location.	The	value	of	RFA	is	most	appreciated	with	repeated	measures	of	the	same	implant	over	time	because	it	is	very	sensitive	to	736	PART	3	Oral	lmplantology	FIGURE	60.3	A,	Periapical	radiograph	capturing	the	whole	implant.	B,
A	second	perpendicular	periapical	is	necessary	to	assess	crestal	bone	level.	Note:	platform-switching	at	implant-abutment	junction.	changes	in	the	bone-implant	interface.	Small	changes	in	tissue	support	can	be	detected	using	RFA.	An	increase	in	the	RFA	value	indicates	increased	implant	stability,	whereas	a	decrease	indicates	loss	of	stability.
However,	this	is	a	relative	measure	and	it	has	not	been	determined	whether	RFA	is	capable	of	detecting	impending	failure	before	the	implant	actually	fails.	Currently,	much	interest	and	research	have	focused	on	the	use	of	noninvasive	methods	to	evaluate	implant	stability.	Mobility	remains	the	cardinal	sign	of	implant	failure	and	detecting	mobility	is
therefore,	an	important	parameter.	Implant	Percussion	Tapping	of	an	implant-healing	abutment	or	restoration	with	an	instrument	will	produce	a	sound	that	can	help	determine	implant	osseointegration.	A	solid	resonating	sound	and	the	absence	of	pain	usually	indicate	implant	osseointegration.	A	dull	sound	may	indicate	the	implant	is	fibrous
encapsulated;	radiographic	and	other	clinical	findings	are	needed	for	diagnosis.	Radiographic	Examination	Perpendicular	intraoral-periapical	radiographs	should	be	taken	at	implant	placement,	at	abutment	connection,	at	final	restoration	delivery	for	baseline	documentation	of	bone	levels,	and	annually	thereafter	to	monitor	marginal	or
periimplantbone	changes.	In	the	presence	of	periimplant	inflammation,	a	periapical	radiograph	is	indicated	for	periimplant-bone	evaluation	and	disease	diagnosis.	Periapical	radiographs	have	excellent	resolution	and,	when	taken	perpendicular	to	an	implant,	can	provide	valuable	details	of	the	implant-abutment	junction,	mesial	and	distal	crestal	bone
level	relative	to	the	implant	platform,	and	bone-to-implant	interface	along	the	length	of	the	implant	(Fig.	60.3).	The	limitation	of	periapical	radiographs	is	that	they	are	difficult	to	standardize	and	great	variability	is	inherent	in	the	acquisition	process.	However,	periapical	radiographs	are	relatively	simple,	inexpensive,	and	readily	available	in	the	dental
office.	It	is	diagnostically	important	to	obtain	images	that	clearly	show	implant	threads	(ie,	not	blurred	by	nonperpendicular	angulation)	and	the	restorative-implant	abutment	connection.	The	objective	of	the	radiographic	examination	is	to	measure	the	height	of	bone	adjacent	to	the	implant(s)	and	to	evaluate	the	presence	and	quality	of	bone	along	the
length	of	the	implant,	as	well	as	to	detect	any	periimplant	radiolucencies.	Although	the	predictive	value	of	assessing	implant	stability	with	radiographs	is	low,	films	do	offer	a	reasonable	method	to	measure	changes	in	bone	levels.	The	predictive	value	of	detecting	implant	failure	or	loss	of	stability	is	good	when	radiolucent	lesions	are	discovered	with
periapical	radiographs.	Radiographic	identification	of	unstable	implants	is	reliable	when	performed	as	part	of	annual	examinations	and	when	examining	patients	on	a	routine,	long-term	basis.	The	radiographic	examination	remains	one	of	the	primary	tools	for	detecting	failed	or	failing	implants	in	routine	clinical	evaluation,	even	though	it	is	not	as
accurate	as	mobility	tests.	In	one	study	designed	to	evaluate	the	accuracy	and	precision	of	radiographic	diagnosis	of	mobility,	the	probability	of	predicting	implant	mobility	in	a	population	with	a	low	prevalence	of	implant	failures	was	found	to	be	low.	Other	studies,	however,	have	demonstrated	much	higher	predictive	value	for	radiographic	diagnosis
of	implant	mobility.	The	authors	concluded	that	the	most	important	factors	for	making	an	accurate	radiographic	diagnosis	are	the	quality	of	the	radiograph	and	the	experience	of	the	clinician.	Assessment	of	Periimplant	Health	Evaluation	of	Plaque	(Biofilm)	Control	Impeccable	plaque	control	or	removal	of	biofilm	is	crucial	for	periimplant	tissue	health.
Poor	plaque	control	is	associated	with	periimplant	diseases	with	an	odds	ratio	of	14.3.	It	is	advantageous	to	evaluate	plaque	control	prior	to	any	tissue	manipulation.	The	amount	and	location	of	plaque	and	calculus	accumulation	should	be	assessed	visually.	Poor	plaque	control	is	typically	associated	with	plaque	and	calculus	retention	and	erythematous
and	edematous	gingival	tissue.	When	plaque	control	is	inadequate,	the	patient	should	be	asked	to	demonstrate	his	or	her	oral	hygiene	routine	in	front	of	a	mirror	so	that	the	clinician	can	evaluate	the	patient's	oral	hygiene	techniques.	If	the	patient	fails	to	remove	plaque	in	any	areas,	the	patient's	attention	should	be	directed	to	the	location	of	the
plaque.	An	instrument	can	be	used	to	remove	the	plaque	under	the	attention	of	the	patient	so	that	he	or	she	can	see	its	color	and	consistency.	At	this	time,	oral	hygiene	instruction	should	be	demonstrated	and	reinforced.	60	Supportive	Implant	Treatment	737	FIGURE	60.4	A,	Subcrestal	placement	of	implant	with	adequate	buccal	and	lingual	bone
thickness.	B,	Periapical	radiograph	at	time	of	implant	placement.	C	and	D,	Implant	at	5-month	osseointegration	check	exhibiting	adequate	periimplant	keratinized	attached	tissue	and	crestal	bone	remodeling	to	the	first	thread.	Arrows	indicate	mesial-crestal	bone	level.	Evaluation	of	Periimplant	Health	and	Disease	Periimplant	mucosal	health	is
characterized	by	pink,	firm,	and	well-adapted	gingival	tissue.	Periimplant	disease	is	associated	with	clinical	erythema,	edema,	and	loss	of	tissue	tightness	around	the	implant.	Periimplant	mucosa	can	be	nonkeratinized	unattached	(Fig.	60	.1	C)	or	keratinized	attached	(Fig.	60.4C).	In	the	presence	of	keratinized	attached	mucosa,	a	gingival	seal	or
gingival	cuff	is	established	around	the	implant.	The	gingival	cuff	has	the	potential	to	protect	the	underlying	bone	and	reduce	subgingival	plaque	formation.	Due	to	the	mobile	nature	of	oral	mucosa,	the	protective	function	of	nonkeratinized	unattached	periimplant	mucosa	may	not	be	as	effective.	However,	the	presence	of	keratinized	attached	gingiva,
which	can	facilitate	oral	hygiene,	is	not	a	requisite	for	periimplant	health	if	plaque	is	well	controlled.	Nonetheless,	sites	deficient	in	keratinized	attached	tissue	typically	exhibit	vertical	and/or	horizontal	ridge	deficiencies,	shallow	vestibular	depths,	and	long	or	bulky	restorations.	All	of	these	factors	can	impede	oral	hygiene	access	and	contribute	to
plaque	accumulation	and	periimplant	inflammation.	In	the	presence	of	periimplant	inflammation,	the	periimplant	tissue	must	be	palpated	for	tenderness	and	suppuration,	the	implant	must	be	probed,	and	periapical	radiographs	must	be	obtained	and	compared	to	baseline	radiographs	to	determine	periimplant-bone	loss.	The	presence	of	suppuration
often	indicates	periimplantitis.	Radiographic	crestal	bone	loss	beyond	the	implant	baseline	level	at	the	time	of	final	prosthesis	delivery	in	conjunction	with	bleeding	on	probing	is	characteristic	of	periimplantitis;	due	to	potential	measurement	errors,	a	threshold	of	detectable	bone	loss	of	1.0-1.5	mm	is	recommended	for	diagnosis	of	periimplantitis.	In
the	absence	of	a	baseline	radiograph,	a	vertical	distance	of	2	mm	from	the	expected	marginal	bone	level	following	the	initial	crestal	bone	remodeling	is	recommended	as	the	threshold	for	diagnosing	periimplantitis.	The	amount	of	initial	marginal	bone	remodeling	can	vary	depending	on	the	design	of	the	implant-abutment	junction.	Platform-switched
implants	(Figs.	60.3	and	60	SC),	in	which	the	abutment	is	internally	offset	relative	to	the	implant	fixture	at	the	implant-abutment	junction,	may	exhibit	less	crestal	bone	remodeling	than	nonplatform-switched	implants	(Fig.	60.4),	in	which	the	abutment	is	flush	or	even	with	the	implant	fixture	at	the	implantabutment	junction.	Evaluation	of	Implant
Osseointegration	Implant	osseointegration	must	be	determined	prior	to	the	fabrication	and	delivery	of	the	final	implant	prosthesis.	Implant	osseointegration	can	only	be	definitively	determined	738	PART	3	Oral	lmplantology	FIGURE	60.5	Restoration	designed	with	adequate	hygiene	access.	A,	Lingual	view.	B,	Mesia[	view	of	buccal	contour.	C,
Periapical	radiograph	showing	gradual	transition	from	implant	fixture	to	restoration.	Note:	platform-switching	at	implant-abutment	junction.	histologically,	which	would	require	the	implant	and	the	surrounding	bone	to	be	removed.	Thus,	a	combination	of	radiographic	and	clinical	parameters	is	used	to	make	an	assessment	of	implant	osseointegration
or	to	rule	out	lack	of	osseointegration.	These	include	absence	of	periimplant	inflammation	and	pain	to	palpation	and	percussion,	presence	of	a	solid	resonating	sound	to	percussion,	complete	radiographic	bone-to-implant	contact	along	the	implant	surface	(ie,	absence	of	radiolucencies	along	the	bone-implant	interface),	and	implant	stability.	replaced
and	properly	torqued	down.	Worn-out	retentive	components	must	be	replaced	periodically	to	ensure	proper	retention,	stability,	and	function	of	the	removable	prostheses.	Occlusal	wear	of	teeth	and	fit	of	tissueborne	surfaces	of	implant-tissueborne	prostheses	should	be	assessed	and	corrected	as	indicated.	In	patients	with	oral	parafunctions	and	heavy
occlusal	forces,	occlusal	guards	are	recommended	to	protect	implants	and	restorations.	Implant	Maintenance	Methods	for	Patient	Oral	Hygiene	Evaluation	of	Implant	Restorations	Implant	superstructures,	frameworks,	and	restorations	should	be	fabricated	to	accommodate	and	facilitate	oral	hygiene	(eg,	embrasure	spaces	should	be	made	to	allow	the
passage	of	a	proxy	brush)	(Fig.	60.4).	Occlusal	schemes	of	implant	restorations	should	provide	adequate	posterior	support,	maximize	axial	loading,	and	minimize	incline	contacts,	nonaxial	loading,	and	interferences	in	excursive	movements.	During	delivery,	radiographs	perpendicular	to	the	implant	should	be	obtained	for	baseline	documentation	and	to
verify	complete	seating	of	the	restorations.	Following	delivery,	cement-retained	implant	restorations	should	be	thoroughly	evaluated	for	residual	excess	cement,	which	must	be	removed.	During	follow-up	visits,	implant	restorations	should	be	carefully	examined	for	heavy	contacts,	fractures,	loose	screws,	and	in	removable	prostheses,	worn-out
retentive	components	(ie,	Hader	clips	and	locatorattachment	inserts).	Occlusion	should	be	adjusted	accordingly	to	prevent	implant	overload	and	fractures	of	implant	parts.	Loose	abutment	and	setscrews	must	be	evaluated,	possibly	The	importance	of	good	oral	hygiene	should	be	stressed	even	before	implants	are	placed,	and	periimplant	oral	hygiene
for	plaque	control	should	begin	as	early	as	possible	once	the	implant	is	exposed	to	the	oral	cavity.	A	cotton	tip,	cotton	gauze,	or	soft	toothbrush	can	be	used	to	gently	remove	plaque	from	healing	abutments	or	provisional	restorations	during	the	early	postoperative	phase	of	healing.	Products	that	can	be	considered	abrasive	or	aggressive	for	plaque
control	have	not	been	tested	during	this	phase.	Once	implant	osseointegration	has	been	achieved	and	verified,	a	comprehensive	oral	hygiene	regimen	is	needed.	The	research	in	this	area	is	limited	and	has	not	lead	to	a	standard	protocol	or	regimen	for	implant	maintenance.	Most	recommendations	are	based	on	expert	opinion,	research	of	natural
teeth,	and	experience.	Evidence	from	a	systematic	review	showed	that	mechanical	plaque	control	with	either	a	powered	or	manual	toothbrush	can	be	effective	in	reducing	mucositis.	Other	dental	hygiene	aids,	such	as	dental	floss,	rubber	tip,	and	interdental	brushes,	may	also	be	recommended	(Fig.	60.6)	but	there	is	no	research	to	demonstrate	60
Supportive	Implant	Treatment	739	FIGURE	60.6	Methods	for	patient	oral	hygiene.	A,	Flossing.	B,	Bass	method	of	brushing	with	extra-soft	toothbrush.	C,	lnterproximal	brushing.	D,	Removal	of	plaque	with	a	rubber	tip.	Note:	hygiene	is	targeted	at	the	removal	of	plaque	along	the	gingival	margin.	FIGURE	60.7	Water	flosser	tip	with	three	tufts	of
bristles	recommended	for	implants.	(Courtesy	Water	Pik,	lnc.,	Fort	Collins,	CO,	USA.)	their	efficacy.	A	powered	water	flosser	has	been	studied	with	implants.	One	study	reported	subgingival	irrigation	of	0.06%	chlorhexidine	gluconate	with	a	Waterpik	Water	Flosser	(Water	Pik,	Inc.,	Fort	Collins,	CO,	USA)	to	be	more	effective	at	reducing	plaque	and
mucosa!	inflammation	and	produced	less	stains	than	rinsing	with	0.12%	chlorhexidine	gluconate	once	a	day	(Fig.	60.	7)	Another	randomized	controlled	study	compared	a	water	flosser	to	string	floss	over	4	weeks.	The	water	flosser	group	showed	an	81	%	reduction	in	bleeding	compared	to	33%	for	string	floss,	which	is	a	2.45-fold	difference.	Patients
require	products	that	they	can	easily	maneuver	around	the	prosthetic	replacement	and	access	areas	susceptible	to	plaque	accumulation	to	prevent	periimplant	diseases.	Methods	for	Professional	Recall	Maintenance	Professional	maintenance	consists	of	the	removal	of	dental	plaque	and	calculus	from	implant	components	exposed	to	the	oral
environment.	Similar	to	root	surfaces,	the	transmucosal	surfaces	of	implants	should	be	smooth	to	minimize	plaque	accumulation	and	to	facilitate	oral	hygiene	practices.	As	such,	at	sites	with	excellent	plaque	control	and	periimplant	health,	the	need	for	professional	instrumentation	is	minimal	and	should	be	limited	to	prevent	iatrogenic	damage	to
implant	components	that	can	contribute	to	plaque	and	calculus	accumulation.	In	the	presence	of	plaque,	calculus	and	tenacious	740	PART	3	Oral	lmplantology	deposits,	care	should	be	taken	to	minimize	damage	to	transmucosal	implant	surfaces.	However,	priority	should	be	placed	on	the	complete	removal	of	implant	surface	deposits.	All	metal
instruments,	including	metal	curettes,	scalers,	and	(ultra)sonic	scalers,	increase	surface	roughness	of	polished	titanium.	As	such,	the	use	of	plastic,	Teflon-coated,	carbon-	and	gold-coated	curettes,	and	nonmetal	ultrasonic	tips	have	been	advocated	to	protect	the	titanium-implant	surface	and	the	titanium	abutment	from	contamination	by	other	metals
and	to	reduce	the	likelihood	of	scratching	the	surface.	Unfortunately,	the	large	size	and	flexibility	of	nonmetal	curettes	may	not	allow	effective	plaque	and	calculus	removal;	and	Teflon-	and	gold-coated	curettes	cannot	be	sharpened.	Most	current	implant	prostheses	are	made	with	gold	alloys	or	ceramic	materials,	which	are	usually	identical	to	the
materials	used	in	restorations	for	the	natural	dentition.	Furthermore,	the	location	of	the	connection	between	these	restorative	materials	and	the	implant	is	typically	below	the	mucosa	and	often	near	the	crest	of	bone;	most	calculus	removal	occurs	above	this	level.	Thus,	the	fear	of	contaminating	the	titanium	implant	is	unwarranted.	The	gold	alloy	or
ceramic	surfaces	can	be	debrided	with	most	scalers	and	curettes	(plastic,	gold-coated,	and	stainless	steel)	without	damaging	the	surface.	Rubber	cups	and	polishing	paste	can	be	used	to	remove	plaque	or	biofilm	and	to	enhance	surface	smoothness	of	machined	and	polished	surfaces.	Magnetostrictive	and	piezoelectric	ultrasonic	instruments	with
metal	tips	(eg,	Cavitron)	should	be	used	with	caution	because	of	irregularities	that	can	easily	be	created	in	the	surface.	Treatment	of	Periimplant	Diseases	The	goals	of	periimplant	disease	treatment	are	elimination	of	all	periimplant	infectious	and	inflammatory	processes,	prevention	of	disease	progression,	and	preservation	and	restoration	of	function
and	esthetics.	Treatment	begins	with	patient	education	in	the	etiology,	disease	process,	prevention	of	periimplant	diseases,	and	oral	hygiene	instruction.	Although	bacteria	are	the	main	etiologic	factor,	systemic	(eg,	smoking	and	poorly	controlled	diabetes)	and	local	factors	(eg,	residual	excess	cements	and	poorly	designed	restorations	that	inhibit
hygiene	access)	should	be	identified	and	modified.	Periimplant	Mucositis	Periimplant	mucositis	can	be	effectively	treated	with	nonsurgical	mechanical	therapy.	Treatment	requires	complete	removal	of	supramucosal	and	submucosal	plaque,	calculus,	and	deposits	using	curettes,	ultrasonic	scalers,	polishing	cups,	and	prophy	paste.	The	use	of
adjunctive	antimicrobials	(eg,	chlorhexidine	irrigation	and	mouth	rinse)	to	mechanical	debridement	can	enhance	treatment	outcome.	Periimplantitis	The	treatment	of	periimplantitis	includes	nonsurgical	and	surgical	interventions,	both	of	which	may	be	combined	with	the	adjunctive	use	of	antimicrobials.	Nonsurgical	interventions	consist	of
antimicrobial	rinse	and	irrigation,	local	antibiotics,	ultrasonic	debridement,	mechanical	debridement	with	air-abrasive	devices,	and	laser	therapy.	Surgical	treatment	includes	full-thickness	flap	elevation	for	access	followed	by	degranulation,	surface	debridement	by	laser	or	mechanical	instruments,	surface	decontamination	with	laser	or	antimicrobials,
and	bone	augmentation.	Based	on	two	systematic	reviews,	currently	available	scientific	data	is	insufficient	to	suggest	which	treatment	intervention	of	periimplantitis	is	most	effective	and	which	antibiotic	should	be	administered	locally	or	systematically.	Implant-surface	decontamination/disinfection	remains	challenging	especially	for	implants	with
roughened	surfaces.	For	some	treatment	modalities,	recurrence	of	periimplantitis	appears	to	be	high	(up	to	100%)	after	1	or	more	years	of	treatment	and	retreatment	may	be	necessary.	Surgical	access	appears	to	be	necessary	to	arrest	periimplant-bone	loss.	Surgical	treatment	may	result	in	gingival	recession	and	compromise	esthetics.	At	sites	with
high	esthetic	demands,	definitive	treatment	of	periimplantitis	may	include	the	removal	of	the	implant,	grafting	of	the	site,	and	placement	of	another	implant.	Referral	of	Patients	to	the	Periodontist	The	guidelines	described	in	this	chapter	will	allow	many	implant	patients	to	be	maintained	very	well	by	their	primary	dental	care	provider	(ie,	general
dentists).	Referral	to	a	periodontist	should	be	considered	if	periimplantitis	or	periimplant	mucositis	is	diagnosed	and	not	resolved	with	improved	oral	hygiene	and	professional	maintenance	care.	Early	referral	is	advantageous	to	stop	progression	and	limit	extent	of	bone	loss.	SUGGESTED	READINGS	Academy	Report:	Peri-implant	mucositis	and	pcri-
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Aberrant	frenum,	problems,	574	Abnormal	mobility,	278	Abrasion,	277,638	example,	277	Abrasive	dentifrice,	usage,	2	77	Abscesses	periodontal	origin,	620	Absorbable	gelatin	sponge,	494	Gelfoam,	549	Absorbable	hemostatic	agents,	494,	713	Accessory	binocular	module,	example,	605	Accessory	pulpal	canals,	presence,	218	Accessory	root	canals,
prevalence,	615-616	Accidental	damage,	56	Accidental	traumatic	lesions,	56	Accumulated	glycation	end-products	(AGEs),	134	Acellular	afibrillar	cementum,	26	Acellular	cementum	(AC),	25	arrangement,	26	formation,	26	Acellular	extrinsic	fiber	cementum,	composition,	26	Achromatic	compound	lenses,	603	Acquired	coatings,	12	Acquired
deformities/conditions,	67	Acquired	immunodeficiency	syndrome	(AIDS),	237,251,311,365	advanced	AIDS,	periodontal	health	(appearance),	259f	HAART,	usage,	253	health	status,	259-260	infection	control	measures,	260	maintenance	therapy,	2	60	therapy,	goals,	260	Acquired	pellicle,	44	Acrylic	provisional	fixed	full-arch	prosthesis,	clinical
photograph,	672f	Actinobacillus	actinomycetemcomitans	levels,	elevation,	4	3	Actinomyces	odontolyticus	(colony	morphology),	99t	Actinomyces	ens,	97	Actinomyces	viscosus,	105t,	109,	200	root	surface	caries	microorganism,	200	Actinomyces	odontolyticus,	99t,	120	Active	disease	adjunctive	orthodontic	therapy,	624	control,	624	emergency
treatment,	624	hopeless	teeth,	extraction,	624	oral	hygiene	measures,	624	periodontal	surgery,	624	reevaluation,	624	scaling	and	root	planing	(SRP),	624	Actonel,	274	Acusection,	416	Acute	abscess,	331	chronic	abscess,	differences,	3	71	Acute	angina!	attacks,	nitroglycerin	(usage),	338	Acute	herpetic	gingivostomatitis,	368-370	treatment,	3	70f
Acute	leukemia,	periodontal	ligament/alveolar	bone	(involvement),	140	Acute	myelocytic	leukemia,	139	anterior	view/palatal	view,	l	39f	leukemic	gingival	enlargement,	appearance,	17	lf	Acute	myelogenous	leukemia	gingiva/floor,	enlargement,	136f	gingival	hyperplasia/spontaneous	bleeding,	157	soft/hard	tissue	destruction,	mucormycosis	(impact),
133-134	Acute	necrotizing	ulcerative	gingivitis	(ANUG),	158	drugs,	role,	366	first	visit,	365-366	gingiva,	contouring,	367	local	therapy,	inadequacy,	368	patient	instructions,	366	second	visit,	366	systemic	disease,	365	third	visit,	366	treatment,	367f	considerations,	36	7	gingiva,	reshaping,	367f	Acute	pericoronitis,	368	treatment,	368,	369f	Acute
periodontal	abscesses,	2	76,	288f,	289	Acute	streptococcal	gingivostomatitis,	lip/gingiva	lesions,	180	Acute	trauma,	221,222	Adaptive	immunity,	91-93	innate	immunity,	differences,	47,	90,	125	Addison's	disease,	159	Additive	osseous	surgery,	535	impact,	498f	Adhesive	dentistry,	625	Adipose	cells,	14	Adjunctive	orthodontic	therapy,	624	Adjunctive
therapeutic	approaches,	462f	Adjunctive	therapy,	453	Adolescents,	mean	alveolar	bone	loss	per	patient,	121	Adult	blood	pressure,	classification,	338t	Adult	periodontitis,	452	Advanced	alveolar	bone	resorption,	clinical/cone-beam	computed	tomography,	682	Advanced	bone	loss,	563f,	649f	aggressive	periodontitis,	presence,	52b	bacterial	plaque,
impact,	4	7,	113	presence,	mesial	root	resection,	5	70f	Advanced	chronic	periodontitis,	6lf,	358,	611	Advanced	gingivitis,	156	Advanced	horizontal	bone	loss,	56	7,	633	Advanced	periodontitis,	pocket	wall	(bacterial	penetration),	198f,	199	Advanced	radiographic	alveolar	bone,	observation,	117	Aerosol	production,	349	After	Five	curette,	409f	Gracey
curette,	comparison,	408f	Mini	Five	curette,	comparison,	409f	Afunctional	atrophy,	35	AGEs.	See	Accumulated	glycation	end-products	Aggregatibacter	actinomycetemcomitans	(Aa),	4	7,	86,96,	134,239,242,302,309,317,	339,354,451	colonization,	242	complement	evasion,	111	etiologic	agent,	309-310	growth	inhibition,	tetracyclines	(usage),	451
invasion,	90	involvement,	340	isolates,	111	periodontitis,	association,	103	prevalence,	239	primary	etiologic	agent,	107	strain	JP2,	2	48	translocation,	102-103	Aggressive	periodontitis,	58,	60-61,	62,	92,	104,	105t,	106,111,117,125,128,138,	141,147,	197,213,215,241-249,	242t,	276,286,297,303,307,310,	317,320,327,353,354,356[,358	advanced	bone
loss,	74b,	226	alveolar	bone	destruction,	215	antibiotic	therapy,	257,	358t	anti-infective	therapy,	considerations,	449	antimicrobial	therapy,	464	bacterial	challenge,	host	response,	248	chronic	periodontitis,	differences,	662	clinical	characteristics,	241-242	clinical	presentation,	assessment,	249	cyclic	neutropenia/agammaglobulinemia,	presence,	138
dental	implants,	usage,	324	full-mouth	disinfection,	358	full-mouth	radiographs,	356f	generalized	form,	60,	453	genetic	features,	assessment,	250	genetics	family	studies,	248	polymorphisms,	248	host	defense,	assessment,	317	host	modulation,	258	host	response,	248	implant	therapy,	331	intraoral	clinical	photographs,	356f	local	delivery,	357
localized	aggressive	periodontitis,	297	localized	form,	59b	microbial	testing,	356-357	microbiology,	247	pathobiology,	247-249	periodontal	maintenance,	260	periodontal	therapy,	256	postoperative	radiographs,	683	probing	depths,	63f	prognosis,	315-325	regenerative	therapy,	317	subgroups,	242	741	742	Index	Aggressive	periodontitis	(cont.)
supportive	periodontal	therapy,	considerations,	463,	643	surgical	resective	therapy,	354	surgical	therapy,	considerations,	280	susceptibility,	environmental	factors,	249	therapeutic	modalities,	353-354	treatment,	353-354	planning/restorative	considerations,	353	systemic	tetracycline,	usage,	3586	Agranulocytosis,	596,	138	Air-powder	polishing,	415
Albrights	syndrome	(polyostotic	fibrous	dysplasia),	159	Alendronate	(bisphosphonate),	328	Allergies,	495	outpatient	surgery,	493	Allogenic	bone	graft,	usage,	67,	354	Allografts,	466,	54	7,	549t	Alpha-defensins,	90	Alveolar	bone,	31,117,120	aging,	impact,	30	cancellous	portion,	23	CEJ	(relationship),	periapical	radiographs	(usage),	82t,	115f
destruction,	87	aggressive	periodontitis,	215	infection,	impact,	287	panoramic	radiograph,	289	development,	29	height,	120	loss,	panoramic	radiograph,	485f	metabolism,	periodontal	ligament	(impact),	46-47	morphologic	changes,	4	7	remodeling,	36	resorption,	88	stimulation,	slightly	excessive	pressure	(impact),	223	variation,	157	Alveolar	crest
apical	position,	203	Alveolar	dimension,	672,	680f,	712	Alveolar	mucosa	(AM),	4f,	16,	68,	69f,	256,	258,512	Alveolar	process,	15,	29,	486,	518,	699	knife-edge	alveolar	process,	699	sockets,	presence,	486	Alveolar	ridge	defect,	65,	67[	loss,	484[	clinical	images,	67[	Amalgam	overhang,	radiograph,	l	18f	Ameloblastic	epithelium,	reduction,	12	American
Academy	of	Periodontology	(AAP),	51,	445,456,651	American	Dental	Association	(ADA),	272,383,	457,462	reports,	340	American	Heart	Association	(AHA),	339	Arninelluoride,	473	Amino	acids,	proteolytic	degradation,	468[	Amlodipine-associated	gingival	enlargement,	167	Ammonia,	production,	86,	102	Amoxicillin,	340t	Amoxicillin-clavulanate
potassium,	360,	352	Anaerobic-to-aerobic	species,	ratio,	107	Analgesia,	levels,	348	Anamnesis,	470	Anatomic	area,	schematic	diagram,	406,	658	Anatomic	crown/root,	distinction,	18	Anatomic	factors,	310,	3166,	321	Anatomic	location,	686,	688,	712	Anatomic	morphologic	defects,	correction,	4	786	Anatomic	periimplant	sulcus,	occlusal	view,	734f
Anatomic	spaces,	483,	489	Anatomic	structures,	identification,	682	Androgenic	hormones,	changes,	158	Anemia,	159	Anesthesia,	296,	338,	339,	341	Anginal	episode,	338	Angioplasty,	339	Angiotensin-converting	enzyme	(ACE)	inhibitors,	339	Angular	bone	loss	furcation,	involvement,	378,	383	Angular	defects	(bone),	536,	544	Angulation,	639,	683,
688	distal	angulation,	691	Animals,	mitotic	rate,	12	Ankylosis,	29	Anosmia,	4	71	Anoxemia,	153	Anterior	gingival	tissues,	initial	view,	366[	Anterior	open	bite,	119	malocclusion,	13	7	Anterior	sector,	moderate-to-severe	periodontitis	(therapy),	394t	Anterior	teeth,	405,	410,	418	mobility,	226	pathologic	migration,	226,	227	Antibiotics	agents,	450
coverage,	administration,	346	prophylactic	regimens,	340	serial/combination	antibiotic	therapy,	454-456	systemic	administration,	450-454	background/rationale,	454-455	tetracyclines,	454	therapy,	selection	(decision	tree),	455f	Antibodies,	40,	43,	52,	90,	92	Anticoagulant	medications,	346	Anticoagulant	therapy,	346	clinical	studies,	346
Anticonvulsants,	158,	163,	164,	166,	529	Antigen-presenting	cells	(APCs),	89f,	91	Anti-infective	agent,	450	chemotherapeutic	agent,	450	definitions,	450	Anti-Inflammatory	cytokines,	465f	Antimicrobial	agents,	312	local	delivery,	357	Antimicrobial	peptides,	defining,	89	Antimicrobial	resistance,	biofilm	(relationship),	102	Antiplaque	agents,	usage,	238
Antiplatelet	medications,	346	Antiplatelet	therapy,	350	Aortocoronary	bypass	(cardiac	bypass),	339	APCs.	See	Antigen-presenting	cells	Aphthous	lesions,	recurrence,	257	Apical	abscesses,	drainage,	620	Apical	diseases,	617	classification,	617	initiation,	factors,	619	Apical	fibers,	21	Apically	displaced	nap,	481,	509	facial/lingual	preoperative	views,
524f	selection,	529	Apical	third,	tobacco	stains,	l	l	7f	Apical	vessels,	branches,	36,	618	Apicoectomy,	impact,	57[	Aplastic	anemia,	appearance,	140,	345t	Arbitrarily	primed-polymerase	chain	reaction,	105t,	305	Arbitrary	values,	664	Archaea,	96	Area-specific	curettes,	410	curved	blade,	presence,	406,437	universal	curettes,	comparison,	406,	408t
Aredia,	274	Arg-gingipains,	112	Arterial	blood	supply,	487f	Arterioles,	14,	167	Aspirin-induced	chemical	burn,	biopsy,	122	Association,	120f,	124	Atherosclerosis,	262-265,	263	Atrophic	periodontal	ligament,	36f	Atrophy,	35,137,140,224	afunctional	atrophy,	35	disuse	atrophy,	35	Attached	gingiva,	45,	46f,	74	amount,	286	demarcation,	165	example,
46[	interdental	papillae,	139f	mean	width,	4f	problems,	557-558	stippling,	17	width,	4	determination,	example,	2	72f	Attached	plaque,	98f,	200	Attachment	loss,	21	bone	loss,	relationship,	l	94f	pattern,	563	Attrition,	27,	46[,	277	Atypical	ulcers	(nonspecific	oral	ulcerations),	256	Augmentation	surgeries,	715	Autogenic	succession,	449	Autogenous	bone
grafts,	549	Autogenous	monocortical	block	graft,	harvesting,	707	Autografts,	707	iliac	autograft,	placement,	550f	Automated	periodontal	probes,	example,	286f	Automatic	cardioverter-defibrillators,	339	Automatic	periodontal	probing,	341,	365	Avascular	necrosis,	462	Avulsed	teeth,	replantation,	68f	Azithromycin,	administration,	358t,	450t	B
Bacillary	angiomatosis	(BA)	(epithelioid	angiomatosis),	254,	256f	Back-action	chisel,	417[	Background	characteristic,	309-312	Bacteria-host	interactions	(modulation),	oral	streptococci	(impact),	109	Bacterial	challenge	host	response,	129	Bacterial	DNA,	virulence	factor,	305,	452	Bacterial	enzymes,	86,	102,	112	Bacterial	pathogens,	134,238,	261,	359
Bacterial	plaque,	47,113,	142f,	151,161,	212,309	Bacterial	resistance,	development	(risk),	360,	450,452	Bacterial	species,	summary,	105t,	llOt	Bacterial	transmission/translocation,	102-103	Bacterium	(bacteria)	adherence,	109	ability,	109	biofilm	mode	of	living,	96	initial	adhesions/attachment,	99	intraoral	translocation,	103	pathogenic	bacteria,	107,
111	reservoir,	subgingival	environment,	261	scanning	electron	micrograph,	7f,	197f	secondary	colonizers,	99	species,	colonization,	99	survival,	strategies,	102	Bad	breath	control,	chewing	gum	(usage),	4	73	pathways,	467	Index	Baking	soda,	4	73	Ball	sickle	scaler,	405	Bard-Parker	knife,	usage,	513f	Barrier	membranes,	submerged	position,	518,
566,707	Basal	cell	layer,	9f	Basal	lamina,	10	internal	basal	lamina,	10	Basement	membrane,	immunolluorescent-labeled	antibodies,	55f	Basic	life	support	(BSL),	impact,	494	Bass	method,	739f	Bass	technique,	388	B-cell	activation,	endpoint,	92	Behavioral	considerations,	68lt	Benign	masses,	1	73	Benign	mucous	membrane	pemphigoid,	52,	55f
Benzodiazepine,	intravenous	administration,	499	Benzothiazine	derivatives,	167	Bile	pigments,	159	Biofilm	accumulation,	144,	145	antimicrobial	resistance,	relationship,	102	bacteria	communication,	102	resistance,	102	heterogeneity,	124	mode	of	living,	96	Biological	mediators,	552	Biologic	complications,	725,	727	Biologic	considerations,	624
Biologic	depth,	4,	283	Biologic	failure,	689	Biologic	mediators,	usage,	556,	593	Biologic	plausibility,	189	Biologic	pocket	depth,	20lf,	232,237	Biologic	width,	538,	609,	624	evaluation,	625	human	biologic	width,	625	identification,	625	variations,	626	violation,	ramifications,	625f	violation,	restoration	design/shape	(impact),	626	Biomarkers,	94f,	123,
144,	735	Biomechanics.	See	Implants	angulation/arrangement,	690	considerations,	688	load-bearing	capacity,	689	Bio-Oss	(Osteohealth),	usage,	551	Birbeck	granules,	8	Bisection-of-the-angle	technique,	long-cone	paralleling	(comparison),	290f	Bismuth	gingivitis,	appearance,	14	7f	Bisphosphonate-associated	osteonecrosis	of	the	jaw,	66f
Bisphosphonate-related	osteonecrosis	of	the	jaw	(BRON]),	62-63	American	Association	of	Oral	and	Maxillofacial	Surgeons	definition,	63	lesions,	63	lower	premolar/molar,	lingual	aspect	(bone	exposure),	66f	Bisphosphonates	(BPs),	62,	145,	275,	461	bone-seeking	agents,	462	Bite-wing	radiographs,	290,	29lf,	303,	649t	Blast	cells,	release,	138	Bleeding,
129.	See	also	Gingival	bleeding	disorder	(thrombocytopenia),	138f	laboratory	tests,	345t	gingivitis,	clinical	features,	155	measures	(NHANES),	79	postoperative	bleeding,	clinical	photograph,	531	probing,	impact,	650	reduction,	saline	solution	cavitation	(impact),	720	Blood	dyscrasias,	52	gingival	diseases,	association,	51	gingival/periodontal
disturbances,	association,	280	Blood	pressure	(BP),	increase,	337	Blood	supply,	351,	487f	adequacy,	560	Blood	vessels,	presence,	578,	596,	608	Blood	viscosity,	263f	Blotter	(Periopaper),	usage,	40	Bone	action	radius,	212	allografts,	466,	549t,	550	freeze-dried	bone	allograft,	551	angular	defects,	212	appositional	index,	691	architecture,	correction
(absence),	214	blend,	549	technique,	549	bulbous	bone	contours,	217	contour,	conformation,	34	deformities	(osseous	defects),	214	distribution,	3	lf	exposure,	140,503,507	faciolingual	diameter,	289	formation	buttressing,	213	periodontal	disease,	213	presence,	213	furcation	involvement,	217	grafting,	66,	493,	712,	714	height	limits,	absence,	692
inorganic	matter/organic	matrix,	31	marrow,	33	metabolic	disease,	681	t	morphology,	factors,	214,	507	necrosis,	656	new	bone	formation,	662	occlusal	forces,	transmission,	23	operating	mode,	7196	osteoclasis,	mesial	root	surface,	32f	osteonectin,	expression,	4	lf,	308	pocket,	relationship,	322	quality,	358	quantity/volume,	assessment,	686
regeneration,	706	remodeling/function,	690	remodeling,	regulation,	690	removal,	osteoplasty/ostectomy	(usage),	656	renewal,	remodeling	process	(multicellular	unit),	663f	resorption,	661,	6916	reversed	architecture,	21	7	appearance,	217f	sialoprotein,	19,	20,	31,308	spatial	relationship,	673	swaging,	550	tap,	702	tissue	damage/debris,	creation,	661
vascular	supply,	669	vertical	defects,	215	Bone	augmentation,	706	achievement,	706	dental	history/complaint,	676	growth	factors,	713	horizontal	bone	augmentation,	707	indications/contraindications,	712	supracrestal/vertical	bone	augmentation,	713	surgical	procedure,	712	surgical	strategy,	715	treatment	objectives,	538	treatment	options,	529
treatment	sequence,	380	Bone	destruction,	107,	l	73f,	194,	203,	209	743	gingival	inflammation,	impact,	4	78f	histopathology,	205	mechanisms,	213	occlusion,	trauma	(impact),	185	patterns,	209-219	systemic	disorders,	impact,	213	Bone	grafts,	354,514,524	Bone	loss,	565,	567f,	618	advanced	bone	loss,	74t,	226,	244,	563f	generalized	horizontal	bone
loss,	292f	horizontal	bone	loss,	292	mandibular	implants,	impact,	684f	intraoral	radiographs,	65f	periimplantitis,	relationship,	104,	114	severity,	201	tooth	support,	loss,	241	vertical	bone	loss,	mandibular	implants	(impact),	234f	vertical	movement,	4	38f	Bone	morphogenetic	proteins	(BMPs),	463,	551	Bone-substitute	graft	materials,	impact,	712	Bone-
to-implant	interface,	657,	663,	6916	Bony	architecture,	types	(diagram),	535,	536f	Bony	defect,	correction,	537,	544	Bony	depression,	l	7f	Bony	ledges	(reduction),	osteoplasty	(usage),	538f	Bony	lesions,	anatomy,	563	Bony	periodontium,	photograph,	535	Bony	trabeculae,	realignment,	30f	Breastfeeding,	252	Breath	malodor,	467-474	dental
pathologies,	469	dry	mouth,	469-470	epidemiology,	467	etiology,	467-470	intraoral	causes,	468-469	pathways,	467	periodontal	infections,	469	semantics/classification,	467	Breath	odor,	defining,	467	Bristle	brushes,	384	BRON]	See	Bisphosphonate-related	osteonecrosis	of	the	jaw	Bruxism,	278	Buccal	alveolar	plate,	cervical	portion	(variations),	716
Buccal	exostosis,	clinical	photograph,	489f	Buccal	lower	premolar,	bone	(exposure),	66f	Buccal	mucosa,	intraoral	habitats,	103	Buccal	space,	location,	490	Bulbous	bone	contours,	217	Bullous	lichen	planus,	consideration,	184	Bullous	pemphigoid,	188	Bundle	bone,	20f	teeth,	physiologic	mesial	migration	(association),	24f	Bundles,	25,	26,	30,	165
Burns,	56,	121,	157	C	Cadaverine,	468	CAIS.	See	Computer-assisted	implant	surgery	Calcium	channel	blockers,	167,337,480	Calculus,	12,	28,	44,	51,	58,	62,	74	attachment,	123f	bridge-like	formations,	malocclusion	(impact),	119	contours,	118-119	extensiveness,	radiopaque	projection,	114	iatrogenic	factors,	117	malocclusion,	119-120	open	contacts,
118	predisposing	factors,	113-125	prevalence,	109-110	744	Index	Calculus	(cont)	radiation	therapy,	122-123	retained	cement/periimplantitis,	118	tooth	surface	attachment,	115	Calculus	accumulation,	113,116,117,231	visual	inspection,	4	20	Calculus	formation,	96,	116,	236	Caldwell-Luc	procedure,	712	Calf	bone	(Boplant),	usage,	551	Campylobacter
rectus,	99t,	109,	226,	279	Cancellous	bone,	215[,	293,	297	marrow,	transplants,	550	proportions,	30f	Cancer	therapies,	350	Candida	a/bicans,	54,	107,	134,	173	Candidate	genes,	124	Candidiasis,	254	diagnosis,	254	Canine	fossa,	490,	685	Canines,	16,	30f	mesial	surface,	calculus/bone	loss,	216f	Canines,	dehiscence,	35f	Cantilevers,	672,	694
Carcinoma,	173-17	4	Cardiac	bypass	(aortocoronary	bypass),	337,	339	surgery,	33	7	Cardiac	conditions,	risk,	340b	Cardiac	pacemakers,	339,	446	Cardiotonic	agents,	339	Cardiovascular	disease,	337,454,461,499	serum	CRP/fibrinogen	levels,	elevations	(risk	factors),	263	Career-ending	injuries,	prevention,	603f	Caries,	607,	617	Carious	lesions,
management,	3	79	Case-control	studies,	124	Case	management,	treatment	plan,	331	Castroviejo	needleholder,	418f	Casts,	276,	683	Cat,	tooth	(eruption),	22f	Cavernous	lesions,	298	CBCT.	See	Cone-beam	computed	tomography	CD4,	expression,	91	CDS,	expression,	91	Cell-cell	adhesion,	23	Cell-cell	signaling	(facilitation),	biofilm	mode	of	growth
(impact),	96	Cell-mediated	delayed-type	hypersensitivity,	62	Cells	intercellular	matrix,	96	tissue	engineering	element,	552	Cellular	cementum	arrangement,	25	cementocytes,	presence,	19,	25	formation,	25	Cellular	elements,	22,	41	Cellular	innate	responses,	activation,	91	Cementa!	resorption	area,	calculus	(attachment),	28	Cementa!	tears,	68
appearance,	212f	Cementicles,	22	Cementoblasts,	25	Cementodentinal	junction,	26	Cementoenamel	junction	(CEJ),	26,	27f	Cementoid,	20f,	25	Cementum,	25-29	aging,	impact,	48	attachment	protein,	role,	26	calculus,	coverage,	200	caries,	attention,	200	cellular	resorption	areas,	200	deposition,	2	7	fiber,	formation	(clinical	human	histology),	30f
formation	importance,	29	initiation,	25	fusion,	29	organic	matrix,	25	permeability,	26	protection/preservation,	618	regeneration,	29	repair,	27-29	resorption,	27-29	surface,	subgingival	calculus,	embedding,	116f	thickness,	26	abnormalities,	2	7	Cementum,	pellicle	(calculus	attachment),	115f	Centers	for	Disease	Control	and	Prevention	(CDC),	253
Central	giant	cell	granuloma,	173	Central	incisors	open	embrasures,	389,	62	7	triangular	shape,	impact,	405[	Centric	relation,	628	Cephalosporins,	453	clinical	use,	453	pharmacology,	453	side	effects,	453	Cerebral	infarction,	periodontal	disease	(role),	264	Cerebrovascular	accident	(CVA),	341	post-CVA	patients,	dental	clinician	treatment,	341
stroke,	result,	341	Cervical	enamel	projections	(CEPs),	561,563	classification,	563b	extensions,	310	occurrence,	561	Cervical	root	resorption,	68	computed	tomography	scanning,	69f	Cetylpyridinium	chloride	(CPC),	473	Chairside,	30	mapping	data	acquisition,	721	Chair-side	test,	4	72	Charge-coupled	devices	(CCDs),	usage,	298	Cheek,	aphthous
lesions	(recurrence),	257	Chemical	burn	aspirin,	impact,	122f	Chemical	irritation,	122	Chemokines,	31,	90	Chemotaxis,	125,	129,	134	Chemotherapeutic	agents,	140,316,377,449,	450	Chemotherapy,	138,351,565	Chemotherapy-induced	thrombocytopenia,	138f	Chewing	gum,	170,472	formulation,	474	impact,	473	Chewing	tobacco	(smokeless
tobacco),	121,	122	Childhood	diseases,	oral	mucosa,	95	gingival	diseases,	184	Children	herpetic	gingivostomatitis,	acute,	368	necrotizing	ulcerative	gingivitis	(NUG),	182	primary	herpetic	gingivostomatitis,	182	systemic	disease,	gingival	manifestation,	170	Chisel	scalers,	412	Chlorhexidine	(CHX),	456,473	chip,	457	gluconate	chip	(PerioChip),	456f
placement,	456[	subgingival	chlorhexidine,	456	Chlorine	dioxide	(ClO2),	473	Christmas	disease	(hemophilia	B),	158	Chronic	abscess,	3	71	Chronic	adult	periodontitis,	110	Chronic	cutaneous	lupus	erythematosus,	190	Chronic	desquamative	gingivitis,	137,	160,	180t	appearance,	188	Chronic	destructive	periodontal	diseases,	progression	modes
(diagrammatic	representation),	456	Chronic	diseases,	45,	88,181,337	Chronic	gingivitis,	106,	367	appearance,	106	Chronic	gram-negative	periodontal	infections,	impact,	266	Chronic	leukemia,	171	Chronic	marginal	gingivitis,	272b	Chronic	oral	malodor,	4	73	Chronic	periodontal	abscess,	619[	Chronic	periodontal	destruction,	58	Chronic	periodontal
disease,	necrotizing	ulcerative	gingivitis	(differentiation),	l	79t	Chronic	periodontitis,	58,	60f,	106	adult	periodontitis,	110	aggressive	periodontitis,	106	asynchronous,	multiple-burst	model,	234	behavioral	factors,	234,	23	7	calculus,	impact,	234	characteristics,	231	chronic	adult	periodontitis,	110	clinical	features,	231-234	continuous	model,	234
diagnostic	criteria,	242t	disease	distribution,	232	disease	progression,	234	disease	risk	factors,	234-23	7	disease	severity,	232	environmental	factors,	249	GCF	IgG	antibodies	raised	with,	92	generalized	chronic	periodontitis,	232	generalized	severe	chronic	periodontitis,	319f	genetic	factors,	236	genome-wide	association	studies	(GWAS),	236
immunologic	factors,	236	local	factors,	236	localized	chronic	periodontitis,	232	microbiological	aspects,	236	microbiological	examinations,	236	mild	chronic	periodontitis,	232	moderate	chronic	periodontitis,	232	modification,	systemic	condition	(usage),	62	modification,	systemic	factors,	236	periodontal	attachment,	documentation,	245f	plaque,	221,
222,	224	prevalence,	224	prognosis,	308-309	radiographic	periodontal	status,	224[	random/episodic-burst	model,	22	7	severe	periodontitis,	224	symptoms,	222	systemic	factors,	226	treatment,	systemic	antibiotics	(usage),	256	Chronic	toothbrush	trauma,	122	Chronic	trauma,	221	occlusion,	impact,	221	Chronic	ulcerative	stomatitis,	187	direct
immunolluorescence,	190	Cicatricial	pemphigoid,	188	Circadian	periodicity,	4	2	Circular	fibers,	13f	Class	Ill	furcation	defect,	634f,	635	Class	Ill	furcation	involvement,	clinical	picture,	57lf	Cleansing	instruments,	403	Clindamycin,	450t,	453	clinical	use,	453	pharmacology,	453	side	effects,	453	Clinical	attachment	level	(CAL),	286	Clinical	crown,	593,
596f,	608	apical	third,	tobacco	stains,	l	l	7f	Index	periodontally	compromised	maxillary	anterior	teeth,	clinical	photograph,	419f	Clinical	diagnosis	first	visit,	365	laboratory	aids,	289	Clinical	examination,	561	Clinical	indices,	usage,	280	Clinical	probing,	296,	301	Clinical	studies,	80,106,121,127,143,302	Clinical	trials,	386,397,456,465,552,581,	611
Clinical	use,	453	Clot	formation,	von	Willebrand	disease,	344	Clot	stabilization,	551	Coagulation,	344	disorders,	344-346	inherited	coagulation	disorders,	344	factors,	44	factor	VIII,	263	Coatings,	developmental	origin,	12	Coaxial	lighted	prism	loupes,	605f	Cochrane	Collaboration,	386	Coe-Pak,	preparation,	495f	Cohorts,	definition,	245	Cohort	studies,
608	Col	interdental	col,	anatomic	variations,	Sf	intervening	col,	Sf	nonkeratinized	stratified	squamous	epithelium	(covering),	Sf	Collagen,	12	areas,	depletion,	86	biosynthesis,	occurrence,	20	bundles,	21	composition,	20	degradation,	MMPs	(relationship),	153	fibers,	21	fibrils,	2lf	loss,	mechanisms,	194	metabolism,	alteration,	25	microfibrils,	2	lf
organic	matrix,	31	synthesis,	24	Colloidal	protein,	calculus/phosphate	ion	binding,	116	Combination	antibiotic	therapy,	454-456	clinical	use,	454	pharmacologic	implications,	454-456	rationale,	454	Combined	lesions,	66	Combined	osseous	defect,	usage,	215	Compact	bone,	relative	proportions,	30	Complementary	treatment	strategies,	463	Compound
loupes,	603,	604f	Comprehensive	periodontal	management,	host	modulation	(relationship),	463-464	Compromise	osseous	reshaping,	536	Computed	tomography	(CT)	scanning,	requirement,	658.e2	scans,	advantages,	658.e2	Computer-aided	surgery	(CAS),	697.el	Computer-assisted	implant	surgery	(CAlS),	720-721	advantages/disadvantages,	721	data
acquisition,	721	identification,	721	immediate	mapping,	721	navigation,	721	registration,	721	requirements,	720-721	steps,	sequence,	721	uses,	720-721	Conditioned	gingival	enlargement,	appearance,	169f	Condylar	displacement,	628	Cone-beam	computed	tomography	(CBCT),	682	advantages/disadvantages,	682	images,	usage,	685f	Congenitally
missing	maxillary	lateral	incisors,	radiographic	evaluation,	687f	Congestive	heart	failure	(CHF),	274	Connective	tissue,	666-668	cells,	22	cellular/extracellular	components,	20	cuff,	blood	supply	(schematic	illustration),	669f	fibers,	types,	13	interface,	examination,	666	Connective	tissue	graft	(CTG),	suturing,	602f	Continuous	tooth	eruption,	18
Contours,	118-119	Conventional	flap,	524	design,	525f	Conventional	instruments,	microsurgical	instruments	(side-by-side	dimensional	companson),	600f	Coping,	143	Cordless	dental	water	jet,	394f	Corneocytes,	formation,	7	Coronal	cementum,	12	Coronal	integrity,	619	Coronary	heart	disease	(	CHD)	(HD-related	events,	presence/absence,	262	patient
education,	268	periodontal	disease,	relationship,	268	periodontal	infection,	influences,	266	Corrosion	(erosion),	2	77	Corticosteroids,	146,	350	Countersink,	700f	drill,	702	CPC.	See	Cetylpyridinium	chloride	Craters,	correction	(effect),	537f	(-reactive	protein	(CRP)	acute-phase	proteins,	264	Cresta!	bone	resorption,	osteoclasts/Howship	lacunae,	212f
surface,	inflammation	extension,	2	l	2f	Cresta\	incision,	703	Crevicular	incision,	510	initiation,	504,	508	knife	position,	5	l	2f	Crevicular	washings,	usage,	39	Critical	probing	depth,	380	Crossbite,	280	Cross-sectional	imaging,	683	Cross-sectional	studies,	263	Cross-sectional	tomography,	683	Crowns	contours,	626	esthetic	appearance,	gingival	margins
(impact),	623	fracture,	69f	gingival	margin,	relationship	(diagram),	46f	lengthening,	639	margin	luting	material,	impact,	118	proximal	surfaces,	4	7	recontouring,	3	79	Crown-to-root	ratio,	problems,	32lf	CTG.	See	Connective	tissue	graft	Curettage,	gingival	curettage	Curettes,	405-410,	412,	417,	422	shank,	double	turn,	408f	types,	406f	Curve	of	Spee,
impact,	69lf	Cushioning,	occlusal	forces	(increase),	213	Cuticle,	term	(usage),	12	Cuticular	structures,	12	classification,	12	Cutting	inserts,	718f	CXCL8,	91	Cyclooxygenase-1	(COX-1),	87	745	Cyclooxygenase-2	(COX-2),	462	inhibitors,	usage,	462	Cyclosporine	drug	substitutions,	530	therapy,	impact,	54f	Cyclosporine-associated	gingival	enlargement,
167f	microscopic	view,	167f	Cyclosporine-induced	gingival	enlargement,	166	nifedipine-induced	gingival	enlargement,	combination	(treatment),	533f	Cyclosporin-induced	gingival	enlargement,	surgical	treatment,	532f	Cysts,	28	Cytokeratins,	characteristic	pattern	(identification),	6	Cytokines,	87	immunity,	90	interleukin-6	(IL-6),	relationship,	306
production,	87	Cytoplasmic	organelle	concentration,	variation,	8	D	Dark-field	microscopy,	201,	286,304,472	Data	acquisition,	721	DDAVP	See	Parenteral	l-deamino-8-D-arginine	vasopressin	DeBakey	tissue	forceps,	418f	Debridement,	379	Deep	periodontal	pocket	appearance,	207f	lateral	wall,	ulceration	area,	l	98f	soft	tissue	wall,	abscess,	205	Deep
periodontal	pocket,	probing,	l	94f	Deep	subgingival	visualization,	4	l	4f	Defense	cells,	22	Definitive	osseous	reshaping,	536	Dehiscence,	34,	5	7	4	biologic	complication,	728-729	defects	exposure,	708	management,	707,	708	observation,	709f	Delayed	implant	placement,	711	Demineralization	areas,	200	Demineralized	freeze-dried	bone	allograft
(DFDBA),	551	Dendritic	cells,	8,	89,	91	Dental	endoscope,	413-414	example,	4	l	4f	Dental	floss,	390-391	holders,	390	impact,	39lf	positioning,	390f	recommendations,	391	technique,	390-391	example,	39lf	Dental	history,	206,	676	Dental	implants,	571	usage,	358-359	clinical	considerations,	359	Dental	loupes,	usage,	602	Dental	materials,	impact,	626
Dental	pathologies,	469	Dental	plaque	bacterial	proteolytic	activity,	112	biofilm	accumulation,	96-97,	104f	structure,	96-97	Dental	plaque	bacteria	interactions,	101	metabolism,	101	nutrients,	origination,	101	Dental	plaque-induced	gingival	disease,	51,316	prognosis,	317	746	Index	Dental-plaque-induced	gingivitis	(chronic	gingivitis),	subgingival
microbiota,	106	Dental	pulp	biologic	effects,	618	occlusal	forces,	effects,	225	periodontal	infection,	biologic	effects,	618	Dental	restorations/appliances,	67	Dental	stains,	117,	278	Dental	tape,	415	Dental	therapy,	periodontal	therapy	(relationship),	332	Dental	tissues,	17	4	Dental	treatment,	complications,	257	Dental	water	jet,	394f	benefits,
understanding,	394t	cordless	dental	water	jet,	394[	Dentin	cellular	resorption	areas,	200	resorption,	28f	Dentition	reconstruction,	long-term	goals,	331	variation,	101	Dentoalveolar	ablations,	2	77	Dentogingival	area,	leukocytes	(usage),	42-43	Dentogingival	fibers,	152	Dentogingival	unit,	11	Dentifrices,	386	Deoxyribonucleic	acid	(DNA)	exchange,	96,
102	intercellular	exchange,	102	variants,	123	Depression,	14	3	Dermatitis	herpetiformis,	187	Desmopressin,	344	Desquamation,	160,	187,	198,	199	Desquamative	gingivitis	biopsy,	189-190	chronic	desquamative	gingivitis,	187	clinical	examination,	189	clinical	history,	189	gingival	erythematous	candidiasis,	254f	immunofluorescence,	190	lichen
planus,	impact,	187	management,	189	microscopic	examination,	190	Developmental/acquired	deformities/conditions,	67-71	Developmental	gingival	enlargement,	appearance,	l	75f	Developmental	grooves,	322	DFDBA.	See	Demineralized	freeze-dried	bone	allograft	Diabetes	periodontal	condition,	135f	Diabetes	mellitus,	133-135	bacterial	pathogens,
134	collagen	metabolism,	alteration,	134-135	complications,	2656	diagnostic	criteria,	3426	oral	manifestations,	134	periodontal	disease,	relationship,	265-266	polymorphonuclear	leukocyte	function,	134	Type	1	diabetes	mellitus,	133	Type	2	diabetes	mellitus,	133	Diabetic	ketoacidosis,	34	3	Diabetic	periodontitis,	57	Diagnostic	imaging,	clinical
selection,	683-684	Diagnostic	study	models,	676-677	Diamond-coated	files,	413	Diamond	files,	414f	Differentiation,	6	Diffuse	gingivitis,	155	Digital	intraoral	radiography,	298-300	Dihydropyridine	derivatives,	167	Diphenylamine,	472	Direct	vasodilators,	339	Disclusion,	628	Disease,	definition,	51	Displaced	flaps,	481	Distal	angulation,	69lf	Distal	flap
surgery,	excision,	486	Distal	molar	surgery,	525-527	Distal	pockets,	treatment,	526	Distobuccal	root	resection,	diagrams,	569f	Distraction	osteogenesis,	712,	713	Disuse	atrophy,	35	Diuretics,	339	Dizygotic	twins,	disease	occurrence	(comparison),	123	Dodecanol,	472	Dog	experimental	occlusal	trauma,	224f	jaw,	lamina	dura	(foramina	perforation),	23f
pigmented	gingiva,	melanocytes	(presence),	Sf	Dorsal	tongue	mucosa,	irregular	surface	topography,	468	Double-ended	curette,	usage,	407f	Double-ended	Gracey	curettes,	pairing,	406	Down	syndrome	(trisomy	21),	142	Doxycycline,	452	Atridox,	usage,	457	comparative	studies,	458	gel	(Atridox),	457f	placement,	457f	hyclate	gel	(Atridox),	457	low-
dose	doxycycline	(LDD),	464	sub-antimicrobial-dose	doxycycline,	462	subgingival	doxycycline,	457-458	Draining	sinus,	orifice	(nodular	mass),	288[	Drills	countersink	drill,	702	pilot	drill,	702	sequence,	702f	3-mm	twist	drill,	702	2-mm	twist	drill,	699-702	Drug-associated	gingival	enlargement,	529-531	flap	technique,	531	gingivectomy,	531	treatment
options,	529-530	Drug-induced	gingival	enlargement,	164-167,	508f	clinical	features,	164-165	decision	tree,	455[	gingivectomy	technique,	usage,	532[	histopathology,	165-166	information,	164-165	occurrence,	164-165	recurrence,	533	Drug-induced	hyperpigmentation,	zidovudine	use	(impact),	256f	Dry	mouth,	469-470	E	Early-onset	aggressive
periodontitis,	cause,	358	Early-onset	diseases,	aggressiveness,	58	Early-onset	periodontitis,	60,	241	EBM.	See	Evidence-based	medicine	Ecchymosis,	evidence,	138f	Ecological	plaque	hypothesis,	104	Ecologic	plaque	hypothesis,	periodontal	diseases	(relationship),	104f	Edentulous	arch,	design,	672	Edentulous	areas,	clinical	photographs,	680f
Edentulous	edges,	mucogingival	deformities/	conditions,	68	Edentulous	molar	maxillary	area,	radiograph,	488f	Edentulous	patients,	671-672	Edentulous	posterior	left	mandible,	radiographic	evaluation,	688f	Edentulous	ridges	defects,	clinical	image,	?Of	mucogingival	deformities/conditions,	68	Edentulous	space,	continuous	pack	coverage,	496	eDNA.
See	Extracellular	DNA	Ehlers-Danlos	syndrome,	236,	318	Eikenella	corrodens,	109,	339,	360	Elastics,	usage,	121	Electrocoagulation,	416-417	Electronic	nose,	4	72	Electronic	periodontal	probing,	285	Electrosection,	416	Electrosurgery	(radiosurgery)	techniques/	instrumentation,	416-417	Electrotomy,	416	Elevation,	699,	705	Embrasure	spaces,
variation,	392	EMD.	See	Enamel	matrix	derivative	Emergency	equipment,	494	Enamel	epithelium,	reduction,	10	Enamel	formation,	completion,	11	Enamel	matrix	derivative	(EMD),	29	safety,	547	usage,	552	Enamel	matrix	proteins,	463	Enamel	surface,	330[	pellicle,	calculus	attachment,	115f	Endocrine	disorders,	133,	341-344	Endocrine	system,	2626
Endodontic	disease,	bacteria	(role),	618	Endodontic	infection,	treatment	(absence),	620	Endodontic	lesions,	periodontitis	(association),	65,617	Endodontic-periodontal	lesions,	65	Endodontic/periodontal	prognosis,	637	Endodontic-periodontic	lesions	endodontic/periodontal	therapies,	requirement,	621	independent	endodontic-periodontic	lesion,	62lf
treatment	considerations,	621-622	Endodontic-periodontic	lesions,	classification,	616f,	621	Endosseous	implant,	positioning,	656	Endosteum,	33	Endotoxins,	reservoir,	85,	263	Endpoint	definition,	modification,	306	Enlargements,	168-175	acute	inflammatory	enlargement,	164	chronic	inflammatory	enlargement,	163-164	conditioned	enlargements,



168-170	drug-induced	gingival	enlargement,	164-167	false	enlargement,	174-175	idiopathic	gingival	enlargement,	167-168	inflammatory	enlargement,	163-165	marginal	enlargement,	168	neoplastic	enlargement,	171-174	pregnancy,	association,	168	puberty,	169	tumorlike	gingival	enlargement,	168-169	vitamin	C	deficiency,	169	Entamoeba
gingivalis,	117	Eosinophils,	14	Epidemiological	studies,	246	designs,	280	impact,	303	Epidemiologic	studies,	usage,	103,	144,	303	Epidemiology,	467	Epilepsy	patient,	gingival	enlargement,	166	Episodic-burst	model,	234	Epitactic	concept,	116	Epithelial	adaptation,	330	periodontal	treatment,	impact,	330[	Index	Epithelial	attachment	(EA),	10,	11
apical	edge,	665	histologic	scheme,	668f	Epithelial	cells	Fusobacterium	nucleation	invasion,	86f	stimulation,	91	Epithelial	desquamation	areas,	198	Epithelial	downgrowth,	669f	Epithelial	rests,	distribution,	19	Epithelial	rests	ofMalassez,	19,	22f	Epithelial	surface	scanning	electron	microscopic	view,	1	Of	sloughing,	clinical	images,	55f	Epithelial
tissues,	90-91	Epithelioid	angiomatosis	(bacillary	angiomatosis),	256	Epithelium,	706	elimination,	curettage	(usage),	501	physical	barrier,	6	Epstein	Barr	Virus	(EBY),	254	impact,	254	Epulis,	171	Erectile	dysfunction	(ED),	periodontal	disease	(role),	268	Erosion	(corrosion),	277	Erosive	lesions	(ulcerative	lesions),	173	Erosive	lichen	planus
desquamative	gingivitis,	presentation,	188f	Erupting	tooth,	junctional	epithelium	(formation),	l	lf	Eruption	gingivitis,	593	Erytherna	multiforme,	180,	184,	188,	317	Erythematous	candidiasis	(presence),	254	Escharotic	drugs,	369	Esophageal-type	cytokeratins,	9	Essential	hypertension	(primary	hypertension),	occurrence,	33	7	Essential	oils,	401,	4	73
Esthetics,	331,367,477,480,	501,	507	implant	placement,	715-716	problems	gingival	recession,	impact,	729f	melanin	pigmentation,	impact,	16f	restoration	(impossibility),	implant	position	(impact),	704f	results,	714	surgical	strategy,	715	Esthetic	surgery,	36	7,	5	73	Esthetic	tissue	management,	626-628	Esthetic	zone,	592	implant	placement,	714
Ethosuximide	(Zarontin),	166	Ethotoin	(Peganone),	166	Eubacterium	nodatum,	304,	310	Evidence-based	clinical	practice,	261	Evidence-based	medicine	(EBM),	261	Exacerbation	period,	201	Excisional	instruments,	416-417	Excisional	new	attachment	procedure,	502-503	example,	502f	Excursion,	169	Excursive	movement,	738	Exophytic	squamous	cell
carcinoma,	173	Exostoses,	214,	488	buccal	exostosis,	clinical	photograph,	489f	Experimental	occlusal	trauma	dog,224f	rats,	223f	Explorers,	403,	404	types,	404f	insertion,	404f	viewing	periodontal	explorers,	4	l	4f	Extended-shank	curettes,	408-409	External	oblique	ridge,	484	Extracellular	DNA	(eDNA),	virulence	factor,	86	Extracellular	enzymes,	102
Extracted	lower	molar	(distal	root),	subgingival	calculus	(dark-pigmented	deposits),	ll	4f	Extraoral	halitosis,	467	Extraoral	sites,	bone	(retrieval),	550	Eyeglass-mounted	prism	loupes,	404f	F	Facial	asymmetry,	276	Facial	bone,	lipping,	215f	Facial	gingival	surface,	gingival	abscess,	206f	Facial	interdental	papillae,	Sf	Facial	lesions,	radiograph,	294f
Facial	pocket,	gutta-percha	points	(placement),	297f	Factitious	lesions,	187	Factitious	traumatic	lesions,	56	Fair	prognosis,	315	False	enlargement,	174-175	Familial	aggregation,	123	Favorable	prognosis,	316	FDBA.	See	Freeze-dried	bone	allograft	Female	sex	hormones,	135	Femoral	artery	bypass,	339	Fenestration,	34	defects	exposure,	707
management,	708	observation,	709f	dehiscence,	35f	Fetor	ex	ore	(term),	276,	467	Fetor	oris	(term),	276	Fiber	bundles,	cuff-like	circular	orientation,	666	Fibers,	20	apical	fibers,	21	circular	fibers,	14	gingivodental	fibers,	12	groups,	diagram,	2lf	horizontal	fibers,	21	interradicular	fibers,	21	oblique	fibers,	21	principal	fibers,	20	Sharpey	fibers,	20
transseptal	fibers,	12,	21,	2lf	Fibrils,	2	lf	Fibroma,	172	histopathology,	172	Fibrosarcoma,	174	Fibrotic	pocket	walls,	199	Fibrous	dysplasia,	unilateral	fibroosseous	expansion,	137,	174,	l	74f	Files,	413	diamond-coated	files,	414	File	scalers,	403	Fimbriae,	virulence	factor,	86	Final	implant	site	preparation,	precision	(enhancement),	702b	Finite	element
analysis,	690b	First	incision,	510	First	molars	furcation	involvement,	292f	human	head,	frontal	section	(diagram),	490f	mesial	surface,	angular	defect,	2	l	6f	radiographic	evaluation,	682f	First	molar	tooth	replacement,	diagnostic	models	(photographs),	679f	First	premolar,	canine/fenestration	(dehiscence),	35f	Fistula,	impact,	728f	Fixed-bone-
anchored	bridge,	usage,	672	Fixed	macrophages,	14	Flapless	dental	implant	microsurgery,	717f	Flaps	apically	displaced	flap,	523,	581	classification,	507	closure,	703,	706	747	design,	509,	510f-5llf	displaced	flaps,	508	elevation,	512-513	Bard-Parker	knife,	usage,	513f	example,	512f	full-thickness	flap,	507	internal	bevel	incisions,	locations,	519f
management,	699	nondisplaced	flaps,	508	partial-thickness	flap,	507-508	partial-thickness	repositioned	flap,	703-705	scalloping,	requirement,	519f	surgery	healing,	518	incisions,	usage,	51	Of	usage,	519,	524	Flap	technique,	518-519	access	technique,	524	incisions,	518-519	overview,	518-519	pocket	depth	reduction/elimination	technique,	504f
Florida	Probe	System,	285-286	example,	286f	Floss.	See	Dental	floss	Fluoride,	usage,	386	Focal	infection	theory,	261	problems,	261	proposal/defense,	261	Food	accumulation,	498	debris,	117	impaction,	118,	214-215	Forced	eruption,	636-63	7	Foreign	body	gingivitis,	160,	187,	205	impaction,	proliferative	gingival	overgrowth,	57f	reactions,	56-57
Formyl	peptide	receptor	(FPRl),	125	Four-unit	FPDs,	73lf	Fractionation,	122	Fractured	central	incisor,	X-ray,	716f	Fractured	teeth,	636	Free	gingival	groove,	3	Free	gingival	margin,	627f	Freeze-dried	bone	allograft	(FDBA),	551	demineralized	FDBA,	551	usage,	553,	709	Frontal	process,	486	Full-arch	FPDs,	729f	Full-mouth	disinfection,	358	Full-
mouth	series,	periapical/bite-wing	radiographs,	292f	Full-thickness	flap,	507	internal	bevel	incision,	diagram,	512f	raising,	699	Functional	crown	lengthening,	lasers	(usage),	608-609	Functional	imbalance,	221	Functional	occlusal	relationships,	280	Furcation	advanced	defects,	565	anatomy,	310	areas	Nabers	probe,	usage,	404f	Class	III	furcation
involvement,	clinical	picture,	57lf	defects	(treatment),	hemisection/osseous	surgery	(usage),	570f	dental	implants,	571	early	defects,	565	entrance,	narrowness,	323f	etiologic	factors,	561	hemisection,	567	dimension,	568	748	Index	Furcation	(cont	)	interradicular	dimension,	563	lesions,	considerations,	604-606	nonaggressive	techniques,	usage,	565
nonsurgical	therapy,	565	oral	hygiene	procedures,	565	prognosis,	571-572	regeneration,	impact,	566	root	resection,	566,	571	scaling	and	root	planing	(SRP),	565-566	surgical	therapy,	566	treatment,	565	Furcation	defects,	3	71,	53	7	classification,	561	diagnosis/classification,	561	therapeutic	classes,	565	two-walled/three-walled	components,	566
Furcation	involvement,	217-219	degrees	appearance,	296f	radiographs,	562	dental	findings,	563	example,	296f	first	molar,	296f	Glickrnans	classification,	564f	grade	Ill	cervical	enamel	projections,	563df	indication,	triangular	radiolucency	(usage),	295f	indices,	563-565	mandibular	first/second	molars,	296f	possibility,	270	prognosis/treatment,
anatomic	features	(impact),	562f	suggestion,	296f	Fusobacterium	nucleation,	60,	435,	452	G	GAP	See	Generalized	aggressive	periodontitis	Gas	chromatography,	4	71-4	72	machinery,	4	7	lf	GBR.	See	Guided	bone	regeneration	GCF	See	Gingival	crevicular	fluid	Gelatinase	B,	307	GEM,	21S,	463	Gene-mapping	strategy,	124	General	anesthesia,	499,	657
Generalized	aggressive	periodontitis	(GAP),	107,	128,138,243	appearance,	243f-244f	crown-to-root	ratio,	problems,	32lf	diagnostic	criteria,	243t	Generalized	bone	loss	advanced	chronic	periodontitis,	6lf	chronic	periodontitis,	presence,	60f	Generalized	chronic	periodontitis,	232	clinical	features,	232f	Generalized	diffuse	gingivitis,	155	appearance,
156f	Generalized	horizontal	bone	loss,	292f	Generalized	marginal	gingivitis,	155	appearance,	156f	Generalized	papillary	gingivitis,	appearance,	155	Generalized	periodontitis,	host	modulation	(usage),	327,358	Generalized	severe	chronic	periodontitis,	3	l	9f	Genetic	disorders,	141	Genetic	epidemiology,	123	Genetic	factors,	236-23	7	Genetic
heterogeneity,	124	Genetic	syndromes,	pcriodontitis,	124-125	Genome-wide	association	studies	(GWAS),	236	Genotype	frequencies,	124	Genuine	halitosis,	467	classification,	468f	Germany,	periodontitis	(prevalence),	235f	Getting	long	in	the	tooth,	expression,	48	Gingiva,	1-18	accidental	damage,	56	advanced	chronic	periodonrins,	6lf	allergic
response,	56f	anatomic	landmarks,	4f	apparent/actual	positions,	diagram,	16lf	appearance	(adult),	4f	appearance	(child),	350f	assessment,	280	attached	gingiva,	4	mean	width,	4f	benign	tumors,	171-172	biopsy,	l	7f	blood	supply,	14-15,	15f	buccolingual	section,	667f	calcified	masses,	160	clinical	appearance,	l	4f	clinical	features,	3-5	microscopic
features,	correlation,	15-18	color,	15-16	consistency	17	changes,	159	clmical/histopathologtc	changes,	160t	contour,	16	contouring,	adjunctive	procedure,	367-368	discoloration,	metal	particles	(impact),	159f	histologic	slide,	670f	incipient	gingivitis,	282f	interdental	area,	3	interdental	col,	anatomic	variations,	Sf	interdental	gingiva,	4-5	keratinized
gingiva,	scanning	electron	micrograph,	7f	leukoplakia,	l	73f	lymphatic	drainage,	15	lymphatics,	14-15	malignant	tumors,	173-174	medications,	impact,	146	melanotic	pigmentation,	16f	metallic	pigmentation,	158-159	metastasis,	17	4	microscopic	examination,	152	microscopic	features,	5	clinical	features,	correlation,	35-36	nerves,	14-15	papilloma,	l
72f	passive	eruption,	diagrammatic	representation,	18f	pemphigus	vulgaris,	188f	periodic	localized	color	changes,	9f	peripheral	circulation,	15f	pigmentation,	apicoectomy/amalgam	retrofill	(impact),	57f	plaque	accumulation,	l	7f	po~tion,	17-18,	161	changes,	162	recontouring,	3	79	sarcoma,	17	4	shape,	16-17	shelflike	contour,	l	7f	size,	16
spontaneous	bleeding,	decrease,	135f	squamous	cell	carcinoma,	l	74f	staining,	periodic	acid-Schiff	histochemical	method	(usage),	9f	stippling	appearancel	7f	surface	texture,	17	changes,	160	swelling,	complaints,	139[,	159f	swollen/spongy	gingiva,	leukemia	(primary	medical	diagnosis),	54f	toothbrushing,	impact,	157	traumatic	lesions,	160	Gingival
abscess,	205,	371-372	appearance,	206f	etiology,	205	histopathology,	205	periodontal	abscess,	relationship,	288	Gingival	bleeding	acute	episodes,	15	7	chronic	bleeding,	157	hemorrhagic	disorders,	158	increase,	446	local	factors,	15	7	probing	appearance,	157f	usage,	156-157	recurrent	bleeding,	157	severity,	factors,	156	spontaneous	bleeding,	157
systemic	changes,	impact,	157-158	variation,	157	Gingival	connective	tissue,	12-13	aging,	impact,	45-46	repair,	14	Gingival	contour	changes,	162	Gingival	crevicular	fluid	(	GCF),	91	amount,	40	analysis,	41	cellular	elements,	41	cellular/humoral	activity,	41-42	circadian	periodicity,	4	2	clinical	significance,	4	2	collagenase,	presence,	466	components,
analysis	methodology,	41	composition,	40-41	drugs,	usage,	42	electrolytes,	presence,	41	flow,	increase,	90	measurement,	electronic	device	(usage),	40f	mechanical	stimulation,	42	metabolic/bacterial	products,	identification,	41	organic	compounds,	41	periodontal	therapy,	42	PGE,	levels,	306	presence,	39	serum	transudate,	116	sex	hormones,	4	2
smoking,	relationship,	42	total	protein	content,	41	Gingival	curettage,	501-503	clinical	appearance,	scaling/curettage	(usage),	503	healing,	scaling/curettage	(usage),	503	indications,	503	procedure,	502-503	rationale,	501	techniques,	502-503	Gingival	cyst,	173	histopathology,	173	Gingival	discrepancies,	orthodontic	treatment,	637-640	Gingival
diseases,	51-57,	526,	56,	316-324	bacterial	origin,	52-53	dental-plaque-induced	gingival	diseases,	51-52	fungal	origin,	53-56	genetic	origin,	56	malnutrition,	impact,	317	modification	malnutrition,	impact,	52	medications,	impact,	52	systemic	factors,	impact,	51-52	prognosis,	316	systemic	factors,	impact,	51-52	viral	origin,	53	Gingival	disturbances,
blood	dyscrasias	(association),	159,181,289,317,347	Index	Gingival	embrasure	volume,	papillary	form	(relationship),	627f	Gingival	enlargement,	163	bone	augmentation,	association,	l	74f	cyclosporine,	usage,	52	designation,	163	drug-associated	gingival	enlargement,	529-531	induction,	phenytoin	administration	(usage),	166f	inflammatory
involvement,	impact,	165f	leukemia	clinical	features,	170-171	microscopic	view,	166f	mouth	breather	location,	164	occurrence,	166	phenytoin	therapy,	impact,	166f	pregnancy,	169	microscopic	view,	169f	recurrence,	531	systemic	diseases,	impact,	168-171	types,	classification,	163	Gingival	enlargement,	orthodontic	appliance/oral	hygiene
(association),	120	Gingival	epithelium,	6	biology,	6	features,	6b	function,	6,	6b	keratinization,	decrease,	45	oral	aspect,	Sf	renewal,	12	structural/metabolic	characteristics,	8-9	thinning,	45	variations,	9f	Gingival	erythematous	candidiasis,	254f	Gingival	fibers,	13-14	faciolingual	section,	13f	Gingival	fluid	(sulcular	fluid),	1	Gingival	form,	factors,	637
Gingival	giant	cell	granuloma,	172[	Gingival	hemorrhage,	140	Gingival	hyperplasia,	163	Gingival	Index	(GI),	75,	280	Gingival	inflammation,	55f,	56f	appearance,	276[	area,	210f	biologic	width	violation,	impact,	625[	calculus,	indirect	contribution,	114	extension,	impact,	209-213	histopathologic	alterations,	impact,	15	7,	l	60t	impact,	101	measures,	7	4
molar,	appearance,	218[	orthodontic	appliance/oral	hygiene,	association,	120f	pathways,	21	lf	plaque	accumulation,	impact,	478[	spontaneous	bleeding,	135f	Gingival	innervation,	15	Gingival	lesions	genetic	origin,	56	lichen	planus,	180,190	Gingival	margin	attached	tissues,	distance,	283[	crown/root	surface,	relationship	(diagram),	46f	discrepancy,	63
7	position,	variation,	46f	unevenness,	637-638	Gingival	margin,	scanning	electron	micrograph,	7[	Gingival	massage,	393	Gingival	necrosis,	140	Gingival	overgrowth,	163	calcium	channel	blocker,	usage	(clinical	images),	55[	proliferation,	57f	Gingival	overgrowth,	heart	transplant/	cyclosporine	therapy	(impact),	54f	Gingival	pigmentation,	causes,	158-
159	Gingival	pockets,	139	therapy,	480	Gingival	recession,	161-162,	706	atrophy,	18	causes,	574	clinical	significance,	162	degree,	286	increase,	161-162	severity,	156	Gingival	sulcus,	4	development,	11-12	epithelial	surface,	scanning	electron	microscopic	view,	1	Of	epon-embedded	human	biopsy	specimen,	lOf	filter	strip,	placement,	40f	keratinocytes,
exfoliation,	7[	Gingival	surgery,	498,	636f,	637	Gingival	tissues	edematous	characteristics,	288	scanning	electron	microscopic	view,	15f	Gingival	trauma,	120-121	Gingival	tumors	(neoplastic	enlargement),	171-174	Gingival	wall,	microtopography,	197-199	Gingivectomy,	503-506,	531	incision,	510	indications/contraindications,	503	knives	(periodontal
knives),	416	examples,	416f	surgical	gingivectomy,	503	technique,	usage,	53lf	Gingivitis,	51,	117	advanced	gingivitis,	157[	advanced	lesion,	153-154	advanced	stage,	151	bacterial	etiology,	experimental	proof,	10	lf	chronic	gingivitis,	155	clinical	features,	155-156	evaluation,	systematic	approach,	155-156	clinical	findings,	155-162	color	changes,	158
dental	plaque,	association,	316	description,	155	diffuse	gingivitis,	155	early	human	gingivitis	lesion,	152[	early	lesion,	151-152	early	stage,	151	established	lesion,	153	established	stages,	151	establishment,	153[	histopathology,	151	initial	lesion,	151	initial	stage,	151	marginal	gingivitis,	155	occurrence,	155	papillary	gingivitis,	155	plasma	cell
gingivitis,	170	pregnancy-associated	gingivitis,	106	recurrent	gingivitis,	155	smoking,	effects,	126	stages,	152t	Gingivodental	fibers,	13	diagram,	13f	Gingivoplasty,	503-505	performing,	505	Glucometers,	usage,	342-343	Glucose	measurements,	estimation,	342t	Glutathione	S-transferase	mu	1	(GSTMl),	responsibility,	125	Glycemic	control
improvement,	periodontal	treatment	(association),	265-266	periodontal	infection,	association,	266	749	problem,	chronic	gram-negative	periodontal	infections	(impact),	266	Glycemic	control,	periodontal	therapy	(impact),	266	Glycogen,	intracellular	accumulation,	9	Glycosylated	hemoglobin	(HbAlc)	assay,	342b	values	comparison,	342t	Goldman-Fox
scissors,	418f	Good	prognosis,	315	Gracey	curettes,	406-408,	407f-408f	After	Five	curette,	comparison,	409[	blades	acute	turn,	408f	comparison,	4	lOf	design,	409f	mini-bladed	curettes,	409-410	set,	reduction,	407f	shank	availability,	431	Gracey	Curvette	blade,	41	lf	Grade	I	furcation	involvement,	564	Grade	II	furcation	involvement,	564	Grade	Ill
furcation	involvement,	564	Grade	Ill	furcation	lesion,	568f	Grade	IV	furcation	involvement,	564f	Graft-associated	reconstructive	procedures,	549	Grafted	site,	stability,	698	Grafts	allografts,	550	autogenous	bone	grafts,	549-550	autografts,	54	7	bone	allografts,	550-551	materials/procedures,	549-552	microsurgical	connective	tissue	graft,	60lf
xenografts,	552,	713	Granular	layer,	9f	Granulation	tissue,	removal,	527	Granulocytopenia,	138	WBC	count,	reduction,	140	Granulomatous	diseases,	171	Greater	palatine	foramen,	opening,	486	Grooving,	410	Ground	substance,	22,	26	Growth	factors,	463	Guarded	prognosis,	380	Guidance,	720	Guided	bone	regeneration	(GBR),	706-707	augmentation,
relationship,	706-707	Guided	tissue	regeneration	(GTR),	553-556	biodegradable	membranes,	usage,	554	Gum,	chewing	(impact),	473	Gutta-percha	points,	297[	calibrated	silver	points,	usage,	283	placement,	297[	GWAS.	See	Genome-wide	association	studies	H	Habits,	considerations,	676	Haim-Munk	syndrome,	125	Halitophobia,	468	Halitosis,	262,
468	categories,	468	extraoral	causes,	469	Handicap	oral	hygiene,	accumulation,	118Hard	tissues	evaluation,	6	77	interface,	660-665	schematic	illustration,	666f	Hard	tissues,	bacteria	(adherence),	99	HbAlc.	See	Glycosylated	hemoglobin	Healing,	379-380	abutment,	occlusal	view,	675f	delay,	368	factors,	494	750	Index	Healing	(cont.)	gingival
changes,	367	hormones,	impact,	329	impairment,	food	intake	(impact),	329	improvement,	debridement	(usage),	328	lesions,	329	local	factors,	328	new	attachment,	330	periodontal	therapy,	relationship,	329-330	repair,	329	systemic	factors,	328-329	Heart	transplant,	impact,	54f	Hematologic	disorders,	13	7-141	Hematologic	laboratory	values,
monitoring,	34	7	Hematoma,	255	Hemidesmosomes,	impact,	11	Hemisection,	568	dimension,	569f	procedure,	568-571	Hemiseptal	defects,	632-633	Hemophilia	A	impact,	344-345	Hemophilia	B	(Christmas	disease),	345	Hemorrhage,	503,	505	Hemorrhagic	disorders,	344-34	7	Hemostasis,	494	Hereditary	gingival	fibromatosis,	53b	Heritability,
calculation,	124	Herpes	viruses,	5	3	Herpetic	lesions	abnormality,	257f	Herpetic	whitlow,	369	Hertwig	epithelial	root	sheath,	role,	19	Heterogeneous	nucleation,	116	Highly	active	antiretroviral	therapy	(HAART),	253	High-molecular-weight	mucinous	glycoproteins,	43-44	Histologic	pocket	depth,	283f	HLAs.	See	Human	leukocyte	antigens	Hoe	scalers,
411-412,	433	design,	413f	usage,	412	Home	irrigation,	impact,	393-396	Home/self-applied	irrigation,	393	Hopeless	prognosis,	316	Hopeless	teeth	extraction,	331,	624	maintenance,	637	Horizontal	bone	augmentation,	707	ePTFE	barrier	membrane,	expansion,	707	Horizontal	bone	loss,	215	appearance,	215f	mandibular	implants,	impact,	730f
Horizontal	fibers,	21	Horizontal	incisions,	510-512	Hormonal	changes,	133-137	Hormone-exaggerated	marginal/papillary	inflammation,	54f	Horny	layer,	9f	Host-derived	inflammatory	mediators,	87	Host	immune	response,	deficiencies,	138	Host	immunity,	evasion	strategies,	231	Host	modulation	(HMT),	358,	461	comprehensive	periodontal
management,	relationship,	463-464	definition,	463	usage,	463	Host	proteins	(degradation),	bacterial	enzymes	(impact),	102	Host	response	modulation,	464	Host	susceptibility,	140	concept,	93-94	Host	tissue	cells,	invasion,	110	Human	cytomegalovirus	(hCMV),	106	Human	DFDBA	particles,	mixture,	709	Human	herpesvirus-8	(HHV-8),	identification,
255	Human	immunodeficiency	virus	(HIV),	251	health	status,	259-260	herpetic	lesions,	abnormality,	257f	HIV-associated	gingivitis,	56	HIV-infected	patients,	periodontal	treatment,	253	identification,	251,252	infection	control	measures,	260	oral/periodontal	manifestations,	251	risk,	551	maintenance	therapy,	260	therapy,	goals,	260	Human	leukocyte
antigens	(HLAs),	124	Humans	palate,	histologic	frontal	section,	486f	papillomaviruses,	grouping,	172	plaque	sample,	vertical	section,	lOOf	trauma,	occlusion	(impact),	222	Huntington	disease	gene	mutation,	124	Hydrogen	peroxide,	160,474	Hydrogen	sulfide,	production,	86	Hydropic	degeneration,	9,	178	Hygiene	neglect,	242	plaque
accumulation/gingivitis,	4	78f	Hypercementosis,	27	cause,	variation,	27	occurrence,	2	7	Hyperglycemia,	133,	134	HyperinOammatory	trait,	93	Hyperkeratosis,	64f	Hypermobility,	380	Hyperplastic	candidiasis,	254	Hyperresponsive	monocyte/macrophage	phenotype,	cardiovascular/periodontal	consequences,	265f	Hypersensitivity,	dental	materials
(impact),	626	Hypertension,	337-338	Hypertensive	patients	dental	treatment,	33	7	treatment,	33	7	Hypertrophic	gingivitis,	163	Hypoglycemia,	342	occurrence,	34	2	signs/symptoms,	34	2	Hypophosphatasia,	14	7	Iatrogenic	factors,	117-119	Iatrogenic	traumatic	lesions,	56	ICAM-1.	See	lntercellular	adhesion	molecule-1	Idiopathic	gingival	enlargement,
167-168	appearance,	l	68f	clinical	features,	167	etiology,	168	histopathology,	167-168	information,	167-168	Iliac	autograft,	placement,	550f	Imaginary	breath	odor,	468	Imaging	modalities,	682	Immediate	implant	placement,	715-716	Immune	compromise,	239,	360	Immune	deficiencies,	137-141	Immune-inflammatory	responses,	129	Immune
responses	aging,	impact,	48	Immunoglobulin	A	(IgA)	antibodies,	90	Immunosuppressants,	166-167	Immunosuppression,	351	Immunosuppressive	therapy,	146	Impacted	mandibular	right	second	molar,	638f	Impacted	third	molars,	extraction,	121	Implacare	implant	instruments,	412f	Implantable	cardioverter-defibrillators,	339	Implant-abutment
connection,	fistula,	728f	Implant	dentistry,	surgical	aspect,	714	lmplantitis,	local	delivery,	459	Implant	placement,	658[,	688f	congenitally	missing	maxillary	lateral	incisors,	radiographic	evaluation,	687f	dehiscence	defect,	observation,	709f	delayed	implant	placement,	710f	delayed	technique,	staged	technique	(differences),	710f-71	lf	edentulous
posterior	left	mandible,	radiographic	evaluation,	688f	immediate	implant	placement,	715-716	loading	protocols,	706	maxillary	first	premolar,	extraction,	710f	missing	tooth,	CBCT	examination,	687f	one-stage	nonsubmerged	placement,	705-706	radiographic	follow-up,	684f-685f	simultaneous	implant	placement,	707-709	space,	requirement,	677b
surgery	clinical	view,	70lf	surgical	techniques,	481	timing,	714	two-stage	approach,	714	Implants	anatomic	location,	712	biomechanics,	690b	buccal	probing,	735f	clinical	comparison,	670	complications,	types/prevalence,	726-72	7	curve	of	Spee,	69	lf	dental	implants,	571	dentistry,	minimally	invasive	surgery,	714	design,	655-658	examination,	733-
736	detection,	radiographic	examination	(usage),	736	flap	surgery,	muscles,	518	geometry,	655-658,	656b	health/maintenance,	738-740	immobility,	661	loss,	730-731	macrodesign,	655-658	macroscopic	configuration,	656	maintenance,	738-740	malposition,	725	microsurgery,	716	occlusion,	716	osseointegration,	evaluation,	73	7-738	percussion,	736
periapical	radiograph,	736f	plastic/titanium	instruments,	411	primary/secondary	stability,	663	probing,	734	provisional	crown,	creation,	703	stability	measures,	735-736	subcrestal	placement,	737f	surgical	complications,	709,	725	survival,	definition,	725	traumatic	occlusion,	adverse	effect,	118	Implant	sites	osteotomy	preparation,	drills	(sequence),
702f	preparation,	699-703,	702f	Implant	success,	660,	669,	676,	678,	683,	688,	725-726	Implant-supported	bridge,	usage,	68f	Implant-supported	crowns/veneers,	posttreatment	clinical	image,	69f	Implant-supported	FPDs,	726-727	survival/complication	rates,	72	7	Inactive	pockets,	healing,	4	78	Inadvertent	curettage,	501	Incipient	gingivitis,	282f
Index	Incisional	instruments,	416-417	Incisions,	509-512,	518-519	crevicular	incision,	518-519	first	incision,	510	horizontal	incisions,	510-512	interdental	incision,	511	remote	incision,	layered	suturing	technique,	699	reverse	bevel	incision,	510	second	incision,	511	third	incision,	511	vertical	incisions,	512	Incisive	nerve,	anterior	extension,	483
Incremental	dosing,	122	Independent	endodontic-periodontic	lesions,	616f	Indiana	University	sickle	scaler,	405	Individualized	plaque	growth	pattern,	101	Individual	tooth	prognosis	determination,	315	overall	prognosis,	differences,	316	lndole,	472	Infections	control	issues,	260	Infective	endocarditis	(IE),	339-341	prevention	(AHA	publication),	339
risk	periodontal	procedures,	340t	reduction,	preventive	measures,	340-341	Inferior	alveolar	nerve	anterior	extension,	483	Inflammation	biologic	complication,	727-728	cytokines,	87	impact,	87	reduction,	396t	resolution,	88-89	vascular	supply,	relationship,	669-670	Inflammatory	enlargement,	163-164	Inflammatory	mediators,	306	serum	levels,
assessment,	265	Inflammatory	proliferation,	impact,	728f	Inflammatory	reactions,	WBC	involvement,	137	Inflammatory	responses	aging,	impact,	47	characteristics,	93f	nutrition	modulation,	4	7	Informed	consent,	493	Infrabony	periodontal	pocket,	215	INFUSE,	463	Inherited	coagulation	disorders,	345t	Inherited	variation/risk,	124-125	Initial	bone
healing,	661-663	Innate	immunity,	90-91	Instrumentation	principles,	446	side-by-side	dimensional	comparisons,	600f	Insulin	classification,	341	insulin-dependent	diabetes	mellitus,	133	resistance	(increase),	chronic	gram-negative	periodontal	infections	(impact),	266	types,	342t	lntercellular	adhesion	molecule-1	(JCAM-1),	91	lntercellular	matrix,	cells
(relationship),	32,	96	lnterdental	alveolar	bone,	arteriole	penetration	(diagram),	l	4f	lnterdental	bone,	287,	289	appearance,	290f,	295f	crest	appearance,	290f	transseptal	fibers,	21f	lnterdental	brushes,	392	lnterdental	cleaning,	4	73	aids,	389-390	recommendations,	391	lnterdental	cleaning	devices,	391-392	technique,	392	lnterdental	col	absence,	Sf
anatomic	variations,	Sf	mandibular	anterior	segment,	Sf	mandibular	posterior	segment,	Sf	lnterdental	craters,	217,	284	lnterdental	gingiva,	4-5	col	shape,	4	facial/lingual	surfaces,	tapering,	5	lnterdental	gingival	papillae,	shape	(correlation),	l	7f	lnterdental	incision,	511	lnterdental	knives,	416	lnterdental	lesion,	extension,	293f	lnterdental
mesial/distal	lesions,	294f	lnterdental	papillae,	Sf	absence,	Sf	appearance,	l	7f	crest,	177	localized	gingival	swelling,	leukemic	infiltration	(impact),	139f	survey	section,	164f	lnterdental	septum	(interdental	septa),	33-34	autopsy	section,	212f	lnterdental	space	microscopic	view,	157f	suprabony	pockets,	l	95f	lnterleukin-1	(JL-1),	31,143	Interleukin-la
(IL-la),	267	genetic	variations,	125	Interleukin-I];	(IL-1~),	41,267,306,310,320,	466	lnterleukin-4	(IL-4),	125	lnterleukin-6	(IL-6),	86-88,	125,	265,	266	Interleukin-IO	(IL-10),	87,125,465,466,306,	466	Intermediate	cementum,	26	Internal	basal	lamina,	10-11	Internal	bevel	incision,	480,	510f,	510,511,	518,520,	52lf,	523f	lnterocclusal	space,	requirement,
676,	677b	lnterproximal	bone	loss,	extent,	78	lnterproximal	cleaning	devices,	392f,	400	lnterproximal	embrasures	management,	626-627	lnterproximal	gingiva,	overhanging	amalgam	margin	(effects),	380f	lnterproximal	space,	bone	destruction,	107,	l	73f	lnterproximal	spurs,	depiction,	l	l	4f	lnterradicular	dimension,	563	lnterradicular	fibers,	21
Intervening	col,	Sf	Intrabony	defects,	66,322,354,	553,554,611,	631	Intrabony	periodontal	pockets,	occurrence,	203t	lntrabony	pockets,	radiographic/microscopic	features,	202f,	218f	lntraoperative	assessment,	683	lntraoperative	periapical	radiographs,	value,	683f	lntraoral	aphthous	stomatitis,	AIDS	(impact),	244f	lntraoral	examination,	276-277
Intraoral	habitats,	103	lntraoral	hard	surfaces,	96	lntraoral	herpetic	vesicles,	recurrence,	183f	lntraoral	nutrients/microorganisms,	mechanical	reduction,	4	72-4	73	lntraoral	radiographic	survey,	289	Intraoral	series,	requirement,	289	lntraoral	sites,	bone	(usage),	549-550	Involucrin,	6	Ion-exchange	resin,	102	Irregular	proximal	tooth	surfaces,
cleaning,	393f	Irrigation	751	action	mechanism,	393-395	clinical	outcomes,	396-397	safety,	396	lschemic	heart	disease,	262,	338	J	Jaquette	sickle	scalers,	405	Jaw	bisphosphonate-related	osteonecrosis,	62-64	bone,	panoramic	radiograph,	64f	cystic	spaces,	panoramic	radiograph,	276f	pathologic	process,	2	79	titanium	implants,	placement,	29	tooth	in
situ,	30f	Jet	tip,	394t,	395f,	395-396	Jiggling	forces,	223,	225	JP2	clone	strains,	occurrence,	248	Junctional	epithelium,	8-11,	lOf,	llf,	12,	12f,	17,	l	7f,	21,	45,	88,	90,	97,	151,	153,	194,	195,	196f,	283f,	548f,	644,	666f,	667f	K	Kennedy	Class	II	distal	extension,	674f	Kennedy	Class	I/II	partially	edentulous	situations,	673	Keplerian	loupes,	types,	602
Keplerian	optical	system,	602	Keratinization	process,	6,	7	Keratinized	attached	gingiva,	reestablishment,	?Of	Keratinized	gingival	epithelium,	7f	Keratinized	gingiva,	scanning	electron	micrograph,	7f	Keratinized	mucosa,	669,	699,	699f	Keratinized	tissue,	521,	530f,	668-669	requirement,	681b	Keratinocytes,	6,	7f,	26,	90	exfoliation,	7f	Keratinosomes,
8,	10	Keratins,	6,	9	immunohistochemical	expression,	9	polypeptides,	10	Keratolinin,	6	Kidney	failure,	171,	468	Kindler	syndrome,	125,	187	Kirkland	knife,	416f,	433f	usage,	416	Knife-edge	alveolar	process,	699	Krause-type	end	bulbs,	15	L	Lactic	acid,	472,	554	Lactoperoxidase-thiocyanate	system,	43	LAD.	See	Leukocyte	adhesion	deficiency	Lamina
dura	foramina	perforation,	23f	fuzziness/disruption,	293	Lamina	propria,	13-14	LANAP	See	Laser-assisted	new	attachment	procedure	Langer	curettes,	410,	41	lf	Gracey-type	shanks,	combination,	41	lf	Langerhans	cells,	6,	8,	Sf,	91,251	LAP	See	Localized	aggressive	periodontitis	Laser	ablated	surface,	669f	Laser-assisted	new	attachment	procedure
(LANAP),	547	Laser-microtextured	surface,	668f	Lasers	biological	interactions,	606-608	functional	crown	lengthening,	608-609	752	Index	Lasers	(cont.)	nonsurgical	laser	periodontal	therapy,	609-611	periodontal	esthetic	applications,	608-609	physics,	606-608	therapy,	advantages/disadvantages,	608-609	types,	usage,	607t	wavelengths,	607f	Lateral
abscess	(periodontal	abscess),	203,	205	Lateral	cephalometric	radiographs,	682	Lateral	incisor	diagnostic	models,	photographs,	6	79f	noninvasive	extraction,	710[	Lateral	periodontal	cyst,	203-204	LOO.	See	Low-dose	doxycycline	Ledges,	217	Left	central	incisor28f,	245[,	552f,	625[	Left	maxillary	second	premolar,	radiographic	evaluation,	687f
Lesions	advanced	lesion,	153-154,	218f	early	lesion,	63,	151-153	established	lesion,	91,	153	initial	lesion,	151	occlusal	view,	294[	Leukemia,	138-140,	170,347	acute	phases,	34	7	primary	medical	diagnosis,	gingival	problems,	54f	Leukemic	gingival	enlargement,	139,	170,	l	7lf	acute	myelocytic	leukemia,	appearance,	l	71f	indications,	timing,	531-532
Leukemic	infiltrate,	139[	human	histologic	appearance,	139f	Leukemic	infiltration,	139	impact,	139f	Leukemic	patients	gingival	(bacterial)	infection,	140	periodontium,	condition,	139-140	Leukocyte	adhesion	deficiency	(LAD),	141	Leukocyte-bacteria	interaction	areas,	198	Leukocytes,	39-40,	40f,	41,	42,	60,	84,	89,107,	116,	130,	134[,	135.e2,	184,
188,	189,	304,	445.e2f,	502	Leukopenia,	138,	181	Leukoplakia,	122,	123f,	172,	173	gingiva,	l	73f	histopathology,	173	Lichen	planus,	180,	184,	188f,	190,317	bullous	lichen	planus,	consideration,	184	differential	diagnosis,	184	immunopathology,	184	Light	conscious	sedation,	341	Linear	gingival	erythema	(LGE),	56,	257-258,	258f	Lingual	nerve,	484-
485,	485f	Linkage	analysis,	124	Lip	herpetic	vesicles,	recurrence,	183[	Lipopolysaccharide	(LPS),	85-86	Lipoxins,	89	Liver	disease,	impact,	348-349	Load-bearing	capacity,	689-690	bone	quality,	impact,	692f	Load	magnification,	nonaxial	loads	(impact),	690f	Local	anatomic	factors,	562-563	Local	anesthetic,	usage,	338	Local	delivery	agents,	449-450,
456-459	SOD,	combination,	462	Localized	aggressive	periodontiris	(LAP),	103,	106-107,	244-245,	245[,	246f,	247,	248,297-298,298f,353,	354,451	Localized	chronic	periodontitis,	222	Localized	diffuse	gingivitis,	155	Localized	gingival	anoxemia,	153	Localized	gingival	enlargement,	appearance,	169f	Localized	gingivitis,	155	Localized	juvenile
periodontiris	(LJP),	61,	106,	241,245	Localized	marginal	gingivitis,	155,	156f	Localized	papillary	gingivitis,	155	Localized	ridge	augmentation,	707-712	Localized	tooth-related	factors,	67	Locally	administered	agents,	463	Local	therapy,	32	7	Long-cone	paralleling	technique,	290	bisection-of-the-angle	techniques,	comparison,	290[	Longitudinal	studies,
78,	128,	248,	303,	307,	479,727	Long-term	goals,	331	Loupes	compound	loupes,	602-603,	604f	dental	loupes,	usage,	604-605	Keplerian	loupes,	types,	602	magnifying	loupes,	602-603	prism	telescopic	loupes,	603-604	simple	loupes,	602-603,	604f	surgical	loupes,	magnification	range,	604-605	Low-dose	doxycycline	(LOO),	464	Lower	anterior	teeth
Lower	central	incisor	gingival	recession/inflammation,	576f	Lower	first	molar,	mesial	surface	(one-wall	vertical	defect),	216f	Lower	front	teeth,	clinical	picture,	107f	Lower	incisor	thin	labial	bone,	2	l	4f	Lower	incisor,	root	(prominence),	ll	9f	Lower	molars,	horizontal	section,	216f	Ludwig's	angina,	185,491	Lupus	erythematosus,	190,317	Luting
material,	118	Lymphatics,	14-15,	21,	37	Lymph	nodes,	examination,	276	Lymphosarcoma,	174	Lymphotoxin-alpha	(LTA),	role,	125	Lys-gingipains,	112	Lysozyme,	linkage	cleaving,	4	3	Lys-Xaa	peptide	bonds,	112	M	Macrodesign,	655-658,	656b	Macrolides,	4	3	7	clinical	use,	453-454	pharmacology,	453	Macrophage	phenotype,	264[,	265f,	317
Macrophages,	143,152,264	Magnetostrictive	ultrasonic	device,	444[	Magnifying	loupes,	602-605	Maintenance	program,	644-648	Maintenance	recall	procedures,	645b	Maintenance	therapy	importance,	radiographs,	64	7f	patient	compliance,	64	7f	Malignant	melanoma,	174	Malnutrition,	impact,	239	Malocclusion,	119-120,	221,617,	633f,	677	Malodor,
468-469,	470	diagnosis,	4	70-4	72	masking,	4	72	organoleptic	rating,	4	71	oropharyngeal	examination,	4	71	self-examination,	4	70	self-testing,	4	70	Malodorous	compounds,	solubility	(increase),	470,472	Malpositioned	implant,	surgical	exposure,	725	MAMPs.	See	Microbe-associated	molecular	patterns	Mandible,	483-486	alveolar	portion,
disappearance,	483	alveolar	process,	484	body,	medial	side,	485	facial	surface	view,	484f	lingual	aspect,	489[	lingual	surface	view,	484f	lingual	view,	485[	nutrient	canals,	294f	occlusal	view,	485f	posterior	view,	490f	ramus/molars,	occlusal	view,	485f	Mandibular	anterior	teeth	alignment,	631	appearance,	282f	Mandibular	basal	bone,	mineralization,
29	Mandibular	canal,	483	Mandibular	implants,	bone	loss,	730[	Mandibular	incisors,	74,	80,	96,113,142,228,	245,322,354,638,674[,	714f	Mandibular	left	second	molar,	class	III	furcation	defect,	635[	Mandibular	molars,	526-527	angular	bone	loss,	292f	mesiodistal	section,	30f	Mandibular	premolar,	resting	state	(diagram),	24f	Mandibular	right	first
molar	Mandibular	right	second	molar,	impaction,	638[	Mandibular	second	molar	pocket	eradication,	527f	Mandibular	teeth,	absence,	228f	Mandibular	tori,	clinical	photograph,	489[	Manual	toothbrushes,	384f	Marginal	alveolar	bone,	shape	(change),	224f	Marginal	enlargement,	168	Marginal	fit,	626	Marginal	gingiva	(MG),	3-4	faciolingual	section,	Sf
sloughing,	ulcerative	gingivitis,	66f	stippling,	absence,	160	Marginal	gingivitis,	155,	156f	Marginal	periodontitis	(occlusion),	trauma	(impact),	225-226	Marginal	ridge	defect,	overeruption,	633f	discrepancy,	632,	634f	Marginal	supragingival	plaque/gingivitis,	153[	Marginal	tissue	recession,	etiology,	574-575	Margins	placement,	626	guidelines,	626
Marrow	spaces,	resorption,	210	Masticator	space,	490	Masticatory	mucosa,	3	Matrix	metalloproteinase-8	(MMP-8),	129	Matrix	metalloproteinase-9	(MMP-9),	143	Matrix	metalloproteinases	(MMPs),	87,	112	biologic	activities,	88t	collagen	degradation,	relationship,	153	inhibition,	463f	Matrix,	organic	constituents,	96	Maxilla,	486-488	occlusal	view,
486f	Maxilla,	alveolar	process,	484	Maxillary	anterior	esthetic	zone,	626	Maxillary	anterior	teeth,	119,	139f,	419f,	637	Maxillary	canine,	16	self-inflicted	trauma,	impact,	12f	Maxillary	central	incisor	position,	implant	placement	(dehiscence	defect),	709f	Maxillary	central	incisors	cervical	root	resorption,	computed	tomography	scanning,	69f
interproximal	contact,	638	Index	labial	migration,	227f	overlapping,	639f	Maxillary	cuspid,	radiograph,	297f	Maxillary	denture,	clinical	photograph,	672f	Maxillary	first	molar	distobuccal	root	resection,	diagrams,	569f	interproximal	gingiva,	overhanging	amalgam	margin	(effects),	380f	roots	concavities,	322f	location,	487	tilt/extrusion,	228f	Maxillary
first	premolar	(extraction),	implant	placement	(usage),	708f	Maxillary	incisors	labial	push,	228f	porcelain-fused-to-metal	crowns,	usage,	l	18f	Maxillary	lateral	incisors	(extraction),	staged/	delayed	implant	placement	(usage),	687f,	710f	Maxillary	left	primary	canine,	gingival	recession,	12lf	Maxillary	molars,	526	buccal	surfaces,	supragingival	calculus,
ll	4f	radiograph,	488f	technique,	526	Maxillary	overdenture	bar,	laboratory	view,	673f	Maxillary	premolar	space,	clinical	photograph,	677f	Maxillary	right	central	incisor	fracture	severity,	636f	overeruption,	639f	Maxillary	right	first	molars	mesial	tipping,	significance,	634f	overeruption,	633f	Maxillary	right	second	molars,	mesial	tipping	(significance),
634f	Maxillary	second	molar	mesial-palatal	surface	(inflammation),	53f	surgical	procedure,	incision	design,	527f	Maxillary	sinus	blood	supply,	487f	origin,	487	elevation,	712-713	contraindications,	712-713,	712b	indications,	712-713	inferior	wall,	488	innervation,	487f	location/anatomy,	487f	subdivision,	487	Maxillary	tuberosity,	486	McCall	festoons,
162	Mean	alveolar	bone	loss	per	patient,	121	Mean	attachment	level,	change,	456	Mechanical	complications,	693,	725,	733	Mechanical	debridement,	107,266,355,359,	454,644,740	Mechanical	failure,	689	Mechanized	instruments	advantages/disadvantages,	444b	usage,	indications/precautions/	contraindications,	446b	Medical	history,	272-276,	676
form	(ADA),	example,	273f-274f	references,	275-276	Meissner-type	tactile	corpuscles,	15	Melanin	physiologic	pigmentation,	16	downregulation,	ascorbic	acid	(impact),	16	Melanocytes,	8,	Sf,	141,	594	Mental	foramen,	29,	483,	484f,	485f,	677,685,	692	Mentalis	space,	location,	490	Mental	nerve,	emergence,	484f	Mental	space,	location,	490
Mephenytoin	(Mesantoin),	166	Merkel	cells,	6,	8,	9	Mesial-distal	space,	minimum	amount,	678f	Mesia!	root	resection,	advanced	bone	loss	(impact),	570f	Mesioposterior	surfaces,	New	Gracey	curette	design,	409f	Metabolic	interactions,	schematic	illustration,	102f	Metal	fragments,	biopsy,	57f	Metal	hand	instruments,	652	Metal	instruments,	740
Metalloceramic	crown,	675f	Metal	prophylaxis	angle,	415f	Metastasis,	173-17	4	Methsuximide	(Celontin),	166	Methylamine,	472	Metronidazole,	454,	458,	622	Microbe-associated	molecular	patterns	(MAMPs),	91	Microbial	flora,	238-239	Microbial	homeostasis,	104	Microbial-host	interactions,	study,	109	Microbial	invasion,	86,	144,	665	Microbial
plaque	biofilm	control,	383-384,	386,	388-390,400	Microbial	testing,	356,	735	Microbial	tooth	deposits,	periodontal	disease	risk	factor,	309-310	Microbial	virulence	factors,	85-86	Microbiologic	plaque	sampling,	454	Microbiota,	establishment,	107	Microflora,	intervention	studies,	311	Micro	Mini	Five	Gracey	curettes,	409,	410[,	427	blade	description,
427	Microorganisms,	mechanical	reduction,	4	72-4	73	Micropipettes,	usage,	39	Microprecision,	719	Microsurgical	connective	tissue	graft,	60lf,	602f	healing,	602f	Microsurgical	crown-lengthening	procedure,	604f	Microsurgical	instruments,	conventional	instruments	(side-by-side	dimensional	comparison),	600f	Microsurgical	principles,	usage,	606
Microsurgical	sutures,	605-606	Microsutures,	600,	603f,	606	Mild	chronic	periodontitis,	232,	454	Mineralized	dental	plaque,	115-116	Mini-bladed	curettes,	409-410,	427-428	Mini	Five	curette,	409-410,	409f,	410f,	427,431	After	Five	curette,	comparison,	409f	Mini-Langer	curettes,	410	Minimally	invasive	approach,	713-715	Missing	teeth	CBCT
examination,	687f	partially	edentulous	maxilla,	panoramic	view,	689f	Mixed	erythematous/pseudomembranous	candidiasis,	254	Mixed	infection,	periodontitis	(consideration),	104	Miyazaki	tongue	coating	index,	47lf	MMPs.	See	Matrix	metalloproteinases	Mobility,	type,	278	Moderate	chronic	periodontitis,	232,	378f	Modified	pen	grasp,	420f	Modified
Widman	flap,	519-520	Monoclonal	antibodies,	involvement,	184,	304,	305	Monocortical	block	graft,	707	Monocytic	leukemia,	138,	139	Mononuclear	cells,	identification,	4	2	Montana	Jack	sickle	scaler,	405Morphologic	defects	(correction),	surgical	techniques	(usage),	481	753	Morse	scaler,	410,	502	Morse	scaler-shaped	ultrasonic	instruments,	502
Mortality,	periodontal	disease	(relationship),	262	Mortality	risk,	increase,	262	Mucogingival	defect,	recession	(impact),	69f	Mucogingival	deformities/conditions	edentulous	edges,	68	teeth,	68	Mucogingival	junction,	4,	16f,	526,	574	Mucogingival	line	(junction),	286,	512,	575	Mucogingival	problems,	276,479,595	Mucogingival	surgery,	489f,	505,	573
Mucogingival	techniques,	selection	(criteria),	595-596	Mucositis,	122,256,347,459,651,	733,	738	Mucous	membrane	pemphigoid	(cicatricialpemphigoid),	52,	55f,	188	Multinuclear	osteoclast,	presence,	28f,	210	Multiple-burst	model,	234	Multiple	teeth,	644,	673,	677	Multislice	computed	tomography	(MSCT),	682	Muscle	strain,	prevention,	603f
Myelogenous,	term	(usage),	138	Myeloperoxidase,	4	3,	125	Mylohyoid	muscle,	485,	485f,	490,	490f	Mylohyoid	ridge,	293,	484f,	485	Myocardial	infarction	(MI),	307,	338	N	Nabers	probe,	usage,	404f	Nabers	probe,	design,	562f	N-acetyltransferase	2	(NAT2)	genes,	responsibility,	125	Narrow-diameter	implants,	676,	678f	Nasal	cavities,	viral	infection,	4
71	Natural	killer	cells,	4	7,	248	NOA.	See	New	Drug	Application	Squamous	cell	carcinomas,	173,	l	74f,	255-256	Necrotizing	gingivitis,	lower	front	teeth	(clinical	picture),	107f	Necrotizing	periodontal	diseases,	64-65,	107,	237,318	Necrotizing	ulcerative	gingivitis	(NUG),	64,	107,	145,	177-182,	258,364-368	bacteria,	role,	181	chronic	desquamative
gingivitis,	differentiation,	180t	chronic	periodontal	disease,	differentiation,	180t	clinical	course,	178	clinical	features,	177	communicability,	182	debilitating	disease,	181	diagnosis,	179	differential	diagnosis,	179	epidemiology,	182	etiology,	181-182	extension,	185	histopathology,	1	78	history,	177	host	response,	role,	181	local	predisposing	factors,	181
nutritional	deficiency,	181	occurrence,	epidemic-like	outbreaks,	182	oral	signs,	177	oral	symptoms,	177-178	primary	herpetic	gingivostomatitis,	differentiation,	l	79t	psychosomatic	factors,	182	punched-out	appearance,	l	78f	smoking,	relationship,	181	syphilis	(secondary	stage),	differentiation,	180t	systemic	predisposing	factors,	181	754	Index
Necrotizing	ulcerative	pcriodontiris	(NUP),	64,	237-239,258,360	appearance,	238[,	259f	clinical	features,	23	7	etiology,	238-239	immunocompromised	status,	239	malnutrition,	239	microbial	flora,	238-239	microscopic	findings,	237-238	psychologic	stress,	239	Necrotizing	ulcerative	stornatitis,	254,	259	Needleholders,	418	example,	418f	Negative
architecture,	536	Neisselia	gonorrhoeae	(gonorrhea),	52	Neodymium:yttrium-aluminum-garnet	(Nd	YAG),	usage,	506	Neoplastic	enlargement	(gingival	tumors),	171-174	Neurofibromatosis	(von	Recklinghausen's	disease),	137,	159	Neutral	polysaccharides,	presence	(histochemical	evidence),	11	Neutropenia,	138,	256	New	bone	formation,	662	NHL
See	Non-Hodgkin's	lymphoma	Nickel	allergy,	gingival	inflammation,	56f	Nifedipine-induced	gingival	enlargement,	cyclosporine-induced	gingival	enlargement	combination	(treatment),	533f	Nifedipine,	usage,	167	Nikolsky	sign,	188	Ninhydrin	method,	472	Nippers,	417	Nitroglycerin	lingual	spray	formulations,	popularity,	338	Nondisplaced	flaps,	508
Noneugenol	packs,	495	Non-graft-associated	reconstructive	procedures,	553-556	Non-Hodgkin's	lymphoma	(NHL),	255-256	Noninsulin-dependent	diabetes	mellitus,	133	Nonkeratinized	gingival	epithelium,	9f	Nonmalignant	WBCs,	139	Nonspecific	conditioned	enlargement	(pyogenic	granuloma),	170	Nonspecific	oral	ulcerations	(atypical	ulcers),	256
Nonspecific	plaque	hypothesis,	103	Nonsteroidalantiinflammatory	drugs	(NSA!Ds),	461-463	Nonsurgical	laser	periodontal	therapy,	609-611	Nonsyndromic	aggressive/chronic	periodontitis,	125	Nonsyndromic	periodontitis,	125	Nonvital	teeth,	323	Noxious	products,	virulence	factors,	86	Nutrient	canals,	294f	Nutritional	deficiencies,	impact,	181	0
Oblique	fibers,	21	Obliterative	endarteritis,	radiation	treatment	(impact),	122	Occlusal	adjustment,	549	Occlusal	design,	693-694	Occlusal	disharmony,	221	Occlusal	dystrophy,	221	Occlusal	evaluation/therapy,	332	Occlusal	forces,	23,	221	adaptive	capacity,	221	direction,	stress	patterns,	222f	effects,	224	impact,	resistance,	23	Stage	I	(injury),	223
stage	II	(repair),	223-224	Stage	III	(periodontium,	adaptive	remodeling),	224	Occlusal	function/dysfunction,	327	Occlusal	interferences/discrepancies,	120	Occlusal	loading,	2	78	Occlusal	radiographs,	13	7,	682	Occlusal	therapy,	381	Occlusal	trauma,	71,	221	Occlusal	wear,	discolored	surfaces,	2	77f	Occupational	disease,	possibility,	275	Ochsenbein
chisels,	pairing,	4	l	7f	OCs.	See	Oral	contraceptives	Odds	ratio,	248,	736	Odontoclasts,	22	Odor	chair-side	test,	4	72	dark-field/phase-contrast	microscopy,	4	72	gas	chromatography,	usage,	4	71	oral	microbial	load,	chemical	reduction,	473	power,	470,	470t	saliva	incubation	test,	4	72	threshold,	4	70t	OHL.	See	Oral	hairy	leukoplakia	Olfactory	response,
4	70	Oligogenic	inheritance,	124	One-stage	implant	placement,	705f	surgery,	two-stage	implant	placement	surgery	(differences),	698	tissue	management,	705f	One-stage	implant	surgery,	two-stage	implant	surgery	(differences),	698	One-stage	nonsubmerged	implant	placement,	705-706	One-stage	surgical	approach,	impact,	698	One-wall	angular
defects,	536	ONJ	See	Osteonecrosis	of	the	jaw	Open-bite	relationships,	280	Open	contacts,	118-119	Open	gingival	embrasures,	639-640	Oral	candidiasis,	254	Oral	cavity,	95-96,	118,	189,	254	Oral	contraceptive-associated	gingivitis,	317	Oral	contraceptives	(OCs),	137,145,158	Oral	(outer)	epithelium,	9	Oral	examination,	performing,	676	Oral	hairy
leukoplakia	(OHL),	254-255	tongue,	left	lateral	border,	255f	Oral	hygiene	procedures,	347,	565	Oral	hyperpigmentation,	256	Oral	irrigation,	safety,	396	Oral	jewelry	impact,	121	trauma,	121	Oral	leukoplakia,	123f	histologic	features,	123f	smokeless	tobacco,	impact,	123f	Oral	malodor,	276,472	Oral	microbial	load,	4	73	Oral	mucosa,	3	facial/palatal
surfaces,	16f	palpation,	287	Oral	mucous	membrane	pemphigoid,	microscopic	features,	55f	Oral	pathologies,	171	Oral	repigmentation,	16	Oral	tumors,	171,	174	Oral	ulcerations,	252,254,	256,	347	Oral	ulcers,	140,	256	Orange	complex,	100,	lO0f	Orban	interdental	knife,	4	l	6f	Organic	constituents,	96	Organic	matrix,	25,	31,	46,	116	Organoleptic
rating,	4	71	Oropharyngeal	examination,	4	71	Orthodontic	anchorage,	hopeless	teeth	(maintenance),	637	Orthodontic	appliances,	120	gingival	changes,	164	Orthodontic	correction,	indication,	575	Orthodontic	therapy	benefits,	631	periodontal	complications,	association,	120	Orthodontic	tooth	movement,	631	Orthodontic	treatment,	120	open	gingival
embrasures,	631	Orthograde	periodontitis,	615	Osseointegrated	dental	implants,	688-689	Osseous	coagulum,	549	Osseous	craters,	216-217,	631	diagrammatic	representation,	217f	Osseous	defects	bone	deformities,	215	combined	type,	217f	orthodontic	treatment,	632-636	Osseous	lesions,	174	Osseous	resection,	566	Osseous	resective	surgery,	538
Osseous	surgery	defining,	535	usage,	538	Osseous	topography,	34-35	Ostectomy,	535-536,	543f	Osteoblasts,	25,	30,	32-33,	35,	87,	121,	213,	551,661,706	Osteoclastic	bone	resorption,	initiation,	87-88	Osteoclasts,	22,	31	access,	MMPs	(importance),	87	Osteocytes,	extension,	32	Osteoectomy,	536	Osteonecrosis	of	the	jaw	(ONJ),	62,	66f,	145,	275
Osteoplasty,	495,535,	537f,	538[,	539,	543f,	565	Osteoporosis,	146,213,311	Osteoradionecrosis	(ORN),	123,	351	Osteotomy,	716f	Outpatient	surgery,	493-498	allergy,	495	anesthesia,	494	dressing,	preparation/application,	495	emergency	equipment,	494	excisional/incisional	instruments,	486	first	postoperative	week,	496	informed	consent,	493	mouth
care,	498	noneugenolpacks,495	patient	preparation,	495	postoperative	instructions,	496	postoperative	pain,	management,	498	premedication,	493	repacking,	498	scaling	and	root	planing,	494	sedation,	494	surgical	pack	(Coe-Pak),	preparation,	495f	tissue	management,	494	tooth	mobility,	498	zinc	oxide-eugenol	packs,	495	Ovate	pontic	creation,	628f
receptor	site,	creation	option,	628f	shape/form,	627f	Overall	prognosis,	individual	tooth	prognosis	(differences),	316	Overbite,	119,	161,	228	Overcontoured	crowns/restorations,	plaque/	handicap	oral	hygiene	(accumulation),	118	Overeruption,	638-639	recession,	presence,	46f	Overhanging	amalgam	margin,	effects,	380f	Index	Overhanging	dental
restorations,	161	Overhanging	margins,	117	frequency,	117	Oxidized	cellulose,	346,	494	Oxidizing	lozenges,	474	p	PAAP	See	Platelet-aggregation-associated	protein	Paget	disease,	27,	62,	137,174,328	Palatal	erythematous	candidiasis,	254f	Palatal	flap,	521-522	Palatal	gingiva,	516,	715f	Palatal	glands,	486	Palatal	interdental	papillae,	5f	Palatal
pocket,	elimination	methods,	522f	Palatal	tissue,	521,	596,	628	Palatal	torus,	clinical	photograph,	489f	Palatine	bone,	occlusal	view,	486f	Palatine	process,	extension,	486	Palatogingival	groove,	323f	Palms,	hyperkeratosis,	64f	Panoramic	radiographs,	487	Papilla,	4,	17,	19	Papillary	form,	gingival	embrasure	volume	(relationship),	627f	Papillary	gingiva,
l	18f	Papillary	gingivitis,	155	Papillary	height,	establishment,	593,	626	Papillary	inflammation,	52f	Papillary	layer,	13,	14,	17	Papilloma,	172	Papillon-Lefevre	syndrome	(PLS),	142,	l	42f,	236	Parafunction,	670,	738	Parakeratinized	epithelia,	6	Parakeratinized	gingival	epithelium,	9f	Parakeratotic	layer,	9f	Parenteral	l-deamino-8-D-arginine	vasopressin
(OOAVP),	344	PARL.	See	Periapical	radiolucency	Parotid	gland,	113	Partially	edentulous	maxilla,	panoramic	view,	689f	Partially	edentulous	patients,	692	Partially	edentulous	patients,	posterior	quadrants	(cantilevers),	69lf	Partially	edentulous	posterior	mandible,	clinical	view,	674f	Partial-thickness	repositioned	flap,	703-705	Partial	thromboplastin
time	(PTT),	289,	344	Particulate	bone	graft,	707	Passive	eruption,	18	Pathogenic	bacteria,	107,	309-310	Pathogen	recognition,	91	Pathogens,	prevalence,	128t	Pathologic	granules,	observation,	200	Pathologic	tooth	migration	(PTM),	226-229	Patients	age,	impact,	310	anatomic	structures,	identification,	682	appraisal,	271	bone	quantity/quality/volume,
assessment,	686	disease	activity,	determination,	285	evaluation,	684-688,	712	Pattern	recognition	receptors	(PRRs),	91	POGF-BB.	See	Platelet-derived	growth	factor-BB-beta-tricalcium	phosphate	POL	See	Periodontal	ligament	Pedigrees,	patterns,	123	Pellicle	acquired	pellicle,	98	formation,	98-99	Pemphigoid,	188	Pemphigus	vulgaris,	188,	188f,	l	90f
Penetrance,	reduction,	124	Penicillins,	452	amoxicillin,	452-453	amoxicillin-clavulanate	potassium,	453	clinical	use,	452	pharmacology,	452	side	effects,	452	Peptostreptococcus	micros	(proportion),	86,	97,	109,	129,226,279,310	Percussion,	sensitivity,	496,	619	Perfusion,	India	ink	(usage),	15f,	36f	Periapical	abscess,	261,	279,	288	cervical	root
resorption,	computed	tomography,	69f	periodontal	abscess,	relationship,	288-289	Periapical	radiographs,	290,	620,	677,	682,	683,	683f,	736	long-cone	paralleling	technique,	290,	290f	Peria	pica!	radiolucency	(PARL),	615	Pericoronal	abscess,	205,	373	Pericoronitis,	184-185	Periimplantitis,	107,	118,	729-730,	734f	Periimplant	soft	tissue,	665,	725,
734	Periimplant	sulcus,	healing,	734f	Periimplant	tissues,	727	Periodontal	abscesses,	107,134,206,	287-289	Periodontal	bone	loss,	145,	214,	293	Periodontal	breakdown,	131,153,236,316,	319,615,621	Periodontal	chart,	28lf	Periodontal	complications,	orthodontic	therapy	(association),	120-121	Periodontal	conditions,	121,	136f,	366,	377	Periodontal
continuum,	anatomic	considerations,	615-616	Periodontal	cyst,	asymptomatic	characteristic,	203	Periodontal	destruction,	212-213	examination,	77	periods,	212-213	radiographs,	120f	Periodontal	diagnosis,	289	Periodontal	diseases,	3,	45,	48,	58,	73,	103,	109,	123,241,	253,257-259,	300,320,450,	464,	537	abnormalities,	118	adaptive	immunity,	91
activation,	91	age,	impact,	309	anterior	teeth,	pathologic	migration,	2	79f	bacteria,	role,	618	bone	destruction,	290-293	bone	formation,	214	bone	morphology,	factors,	214-215	cause,	85	classification,	52b	clinical	entity,	uniqueness,	85	clinical	management,	goal,	466	clinical	presentation,	249	complicating	factors,	260	coronary	heart
disease/atherosclerosis,	relationship,	262-265	diabetes,	impact,	309	diabetes	mellitus,	relationship,	265-266	diagnosis,	84,	104	ecologic	plaque	hypothesis,	relationship,	104f	etiology,	129	smoking,	effects,	127-129,	129t	factors,	85	gender,	impact,	311	genetic	factors,	310	habits,	121	immunopathology,	TNF/LTA	roles,	125	innate	immunity,	90
microbiologic	specificity,	103-107	microbiology,	129	755	modifiable	causative	factors,	85	mortality,	relationship,	262	nutrition,	impact,	143-145	older	adults,	128	pathogenesis	smoking,	effects,	128-129,	129t	pathogenic	bacteria,	309-310	prevalence/severity,	smoking	(effects),	127-128,	128t	prevention,	450	radiographic	appearance,	293-298
recurrence,	645	risk	determinants/background	characteristics,	310-311	risk	elements,	categories,	310,	310b	risk	factors,	309-310	role,	264-265	socioeconomic	status,	266,	311	stress,	311	stroke,	relationship,	265	systemic	antimicrobial	agents,	therapeutic	uses,	455t	systemic	health,	relationship,	268	tobacco	smoking,	impact,	309	treatment	antibiotic
regimens,	451	t	antibiotics,	usage,	451	t	Periodontal	disturbances,	blood	dyscrasias	(association),	280,	532	Periodontal	dressings	(periodontal	packs),	494-495,499,	514,559	Periodontal-endodontic	lesions,	65-66	Periodontal	endoscopes,	403	Periodontal	esthetic	applications	(lasers),	608-609	Periodontal	fibers,	20-22	Periodontal	flaps,	507-528
incisions,	usage,	518	technique,	usage,	518-519,	526	Periodontal	health,	104,	129	subgingival	samples,	morphotypes,	106f	Periodontal	health,	maintenance,	44	3	Periodontal	Index,	7	4	Periodontal	indices,	recordation	(absence),	237	Periodontal	infection,	261,	266,	469,	620	differential	diagnosis,	619-620	organ	systems/conditions,	262b	Periodontal
infection,	host	response,	464	Periodontal	inflammation	concentrations,	200,	292	probing	bleeding,	312	Periodontal	instruments	classification,	403-415	parts,	404f	Periodontal	knives	(gingivectomy	knives),	416,	433	usage,	503	Periodontal	lesions,	presence,	65,453,	551,	617t	Periodontal	ligament	(POL),	14,	19-25	aging,	impact,	46	cells	growth	factors,
22	proliferation,	26	types,	20	cementicles,	23f	defense	eel	Is,	22	fibers,	29f	formation,	29f	formative	function,	24	functions,	24-25	involvement,	140	nutritional	functions,	25	physical	functions,	23	principal	fibers,	20	radiolucent	shadow,	27	radiopaque	line,	289	756	Index	Periodontal	ligament	(POL)	(cont.)	remodeling	function,	24	replacement,	29	role,
importance,	44	sensory	functions,	25	sensory	nerve	fibers,	25	space	width,	289,	297	tension/pressure,	areas,	223f	thickness,	24t	vascular	supply,	37f	vessels,	14	containment,	36	width,	regulation,	25	Periodontal	maintenance,	determination,	65lf	Periodontal	medicine,	clinical	practice,	268	Periodontal	microbiology,	advances,	107	Periodontal
microsurgery,	599-611	Periodontal	origin,	radiographic	appearance,	620	Periodontal	pack,	insertion,	496f	Periodontal	parameters,	computerized	diagram,	28lf	Periodontal	pathogenesis,	85-94	Periodontal	pathology,	saliva	(role),	44	Periodontal	plastic/esthetic	surgery,	573-598	aberrant	frenum,	problems,	574	blood	supply,	adequacy,	596	donor	sites,
596	esthetic	surgical	therapy,	573	mucogingival	line	(junction),	575	objectives,	565	orthodontic	correction,	indication,	575	recipient	anatomy,	595f	shallow	vestibule,	problems	(association),	574	surgical	site	plaque/calculus/inflammation,	absence,	595	trauma,	568	terminology,	573	tissue	engineering,	572	Periodontal	plastic	surgery,	573-574,	596
Periodontal	pockets,	280-282	appearance,	286f	attachment	level,	differences,	284	bacterial	invasion,	197	bacterial	survival	strategies,	96	base	lateral	epithelium	proliferation,	l	96f	low-power	view,	195f	bleeding,	probing	(impact),	312	classification,	193	clinical	features,	193	histopathologic	features,	correlation,	199t	conversion,	537	deepening,	plaque
accumulation	(impact),	478f	deep	periodontal	pocket,	probing,	194[	depth,	determination,	284	detection,	280,	283	elimination,	outcomes,	329f	epithelium,	transmission	electron	micrograph,	197f	granulation	tissue,	pressure,	229	healing	lesions,	199	healing	stages,	regenerating	cell	sources,	329[	histopathology,	196-201	inactivity/activity	periods,	201
infection,	extension,	201	inflammation,	lateral	extension,	203	intraoral	habitats,	103	lateral	wall,	l	96f	pleiotropic	mechanisms,	schematic,	465[	probe	angulation,	285-286	timing,	285	walking,	284f	probing	force,	285	technique,	284	production,	193	pulp,	changes,	201	reduction	surgery,	4	77	signs/symptoms,	282-283	site	specificity,	201	soft-tissue
wall,	196	therapy,	results,	4	78	types,	l	94f	Periodontal	pocket	wall	appearance,	l	99f	pathologic	changes	(elimination),	surgical	pocket	therapy	(purpose),	477-478	scanning	electron	frontal	micrograph,	l	98f	scanning	electron	micrograph,	l	98f	scanning	electron	microscope	view,	42f	Periodontal	probes,	419	exploration,	404f	types,	404f	Periodontal
probing	limitations,	734	Periodontal	procedures	antibiotic	prophylaxis	regimens,	340t	design,	623	Periodontal	reconstruction,	330,	554	Periodontal	regeneration	approaches,	comparative	analysis,	549t	enamel	matrix	derivative,	usage,	552	recombinant	human	platelet-derived	growth	factor,	553	Periodontal	regenerative	procedures,	354,	557
Periodontal	space	(widening),	trauma	from	occlusion	(impact),	298f	Periodontal	species,	264	Periodontal	support,	weakening,	22	7	Periodontal	surgery	21,	34,	42,257,259,	279,	331,332,341,343,344,346,347,350,	366,380,399,415,417,436,464,4786,	479,488,490f,493,494,496,498,506,	520,558,565,624,633,635,647,720	indications,	4	79-480	localized
areas,	radiographs,	648f-649f	outpatient	surgery,	493-498	patient	instructions,	4976	SOD,	combination,	462	Periodontal	surgical	instruments,	series,	416f	Periodontal	therapy,	42,	45,	48,	58,	103,	117,	143,153,200,206,255,266,312,332,	341,343,347,355,399,451	accomplishments,	327,578	antibiotics,	usage,	549	dental	therapy,	relationship,	331,	332
healing,	329-330	maintenance	phase	(phase	lV	therapy),	332	maintenance	therapy,	130	nonsurgical	phase	(phase	l	therapy),	377-381	nonsurgical	therapy,	130	outcomes,	stress	(impact),	143	phases,	3326	response,	smoking	effects,	130-131,	130t	restorative	care,	relationship,	607	restorative	phase	(phase	Ill	therapy),	332	surgical	phase	(phase	II
therapy),	477-481	surgical	therapy/implants,	130	Periodontal	tissues	abscess,	164,	203	inflammatory/immune	processes,	87	plaque-bacteria	association,	depiction,	98f	plaque-bacteria	penetration,	98	pulpal	infection,	biologic	effects,	617-618	Periodontal	treatment,	45,	80,	81,131,143,	200,257,259,260,267,284,316,320,	323,327,328,329,330f,331,	332,
335,340,623,650	design,	266,	326	health	status,	246	maintenance	therapy,	246	outcomes,	smoking	cessation	(effects),	131	performing,	332-333	phases,	sequence,	620f	procedures,	318	protocol,	259	recommendations,	332	Periodontal	width,	comparison,	36t	Periodontal	wound	healing,	assessment,	558,	611	Periodontics	practice,	339	Periodontitis,	5
7-64,	596	aggressive	periodontitis,	60-62	association	studies,	failure,	103	biologic	systems,	94f	chronic	periodontitis,	58-60	clinical	manifestations,	58	complementary	treatment	strategies,	463f	developmental/acquired	deformities/	conditions,	596	endodontic	lesions,	association,	65-66	established	lesion,	91	etiologic	agents,	309	forms,	classification,
58t	host	susceptibility,	systemic	condition,	93	inherited	variation/risk,	124-125	localized	tooth-related	factors,	67	multicenter	clinical	trials,	457	pathogens,	prevalence,	128t	plaque	accumulation,	causal	relationship,	309	plaque-related	aggressive	moderate	periodontitis,	clinical	image,	6lf	plaque-related	moderate	chronic	periodontitis,	clinical	image,
60f	plaque-related	severe	advanced	chronic	periodontitis,	clinical	image,	6lf	plaque-related	slight	early	chronic	periodontitis,	clinical	image,	60f	prevalence	Germany,	235f	United	States,	235f	prognosis,	315-325	radiographic	changes,	295f	risk	factor,	309	smoking	effects,	129	risk	factor,	23	7	therapy,	464	tooth	mortality,	315-316	types,	features,	272t
Periodontium	abscesses,	65,	107	adaptive	capacity,	221	adaptive	remodeling,	222	aging,	310	clinical	changes,	446	effects,	48	effect,	602	examination,	280	external	forces,	35-36	microbial	virulence	factors,	85-86	oral	ulceration/infection,	139-140	periodontal	changes,	351	treatment,	aging	(response),	48	Perioscopic	instrumentation,	4	l	4f	Periosteal
elevators,	417	Periosteum,	33	cellular	events,	33	inner	layer,	33	outer	layer,	33	Peripheral	blood,	neutrophils	(collection),	142	Peripheral	giant	cell	granuloma,	172	histopathology,	172	microscopic	survey,	l	72f	Index	Perivascular	connective	tissue,	changes	(detection),	151	PES.	See	Pink	esthetic	score	Petechiae,	evidence,	138f	Peutz-Jeghers
syndrome,	159	Phagocytosis,	129	Phase-contrast	microscopy,	304,	4	72	Phase	I	periodontal	therapy,	377-381	elements,	377	procedures,	sequence,	378-379	rationale,	3	77	reevaluation,	3	79,	4	79	results,	3	79	specialist	treatment,	referral	decision,	380-381	treatment	sessions,	3	77-3	78	Phase	II	periodontal	therapy,	477-481	method	selection,	criteria,
480	periodontal	surgery,	indications,	4	79-480	surgical	phase	objectives,	4	77-4	78	Phenylalkylamine	derivatives,	167	Phenytoin	(Dilantin),	165,	166	administration,	166	stimulation,	166	Phenytoin	gingival	enlargement,	165f	Phenytoin-induced	overgrowth,	165f	Phenytoin	therapy,	impact,	165f	Photodynamic	therapy,	379	Photostimulable	phosphor
(PSP)	plates,	usage,	298	Physical	examination,	676	Physiologic	mesial	migration,	bundle	bone	(association),	32f	Physiologic	pigmentation	(melanin),	16,	159	Physiologic	recession,	18	Piezoelectric	bone	surgery,	717-719	clinical	applications,	717	Piezoelectric	tip,	working	sides,	445f	Piezoelectric	ultrasonic	device,	445f	Piezosurgery	cutting	properties,
719b	description,	719b	inserts,	718f,	719b	description,	719b	Pigmented	gingiva,	melanocytes	(presence),	Sf	Pik	Pocket	tip	placement,	395f	usage,	397f	Pilot	drill,	702	Pink	esthetic	score	(PES),	726	Plaque	attachment,	200	bacteria	leukocytes,	attraction,	4	3	protease	production,	86	composition,	47,	97	control,	119,	258	growth,	topography	(clinical
illustration),	100-101	hypothesis,	103	ecological	plaque	hypothesis,	104	nonspecific	plaque	hypothesis,	103	inorganic	components,	96	maturation,	colonization	(relationship),	99	microcolonies,	99	removal,	proxy	brush	(usage),	566f	retention,	120	supragingival	plaque,	calcification,	97	Plaque	accumulation,	10,	l	7f,	67,	133	Plaque	biofilm	chemical
inhibitors,	383	control	instruction,	399	removal,	377,	399	Plaque	formation,	47,	51,	98,	99,100,101,264,	737	Plaque-induced	gingival	diseases,	51,	316-317	localized	tooth-related	factors,	67	medications,	impact,	317	systemic	factors,	impact,	316-317	Plaque-induced	gingivitis,	appearance,	106	Plaque-related	aggressive	moderate	periodontitis,	clinical
image,	6	lf	Plaque-related	aggressive	severe	periodontitis,	clinical	image,	62f	Plaque-related	gingivitis,	52f	Plaque-related	moderate	chronic	periodontitis,	clinical	image,	60f	Plaque-related	severe	advanced	chronic	periodontitis,	clinical	image,	6lf	Plaque-related	severe	aggressive	periodontitis,	clinical	image,	6	lf	Plaque-related	slight	early	chronic
periodontitis,	clinical	image,	60f	Plasma	cells,	91,	92,140,152,153,165,170,	178,	196,	201,	209,	735	infiltrate,	biopsy,	56f	predominance,	153	Plastic	probe	(Colorvue),	412f	Plastic	surgery	techniques,	4	78	Platelet-aggregation-associated	protein	(PAAP),	expression,	263	Platelet-derived	growth	factor-BB	(PDGF-BB)-beta-tricalcium	phosphate	(,8-TCP),
usage,	552	Platelet-rich	plasma	(PRP),	usage,	552	Pleiotropic	mechanisms,	schematic,	465f	Plunger	cusps,	118	Pneumonia,	impact,	268	Pocket	marker,	usage,	504f	Pocket	reduction	surgery,	501	Pockets.	See	Gingival	pockets	alveolar	bone,	base	(area),	193	relationship,	203	contents,	199-200	depth	attachment	loss/bone	loss,	relationship,	201
usefulness,	502	detection,	283	diagram,	20lf	elimination/maintenance,	differences,	4	78-4	79	eradication,	526f	formation,	194	absence,	505	illustration,	194f	inactive	pockets,	healing,	4	78	problems,	approaches,	4	77	removal,	526f	surgery,	critical	zones,	4	79	therapy	methods,	480-481	results,	4	78	Pocket	walls	bacterial	penetration,	197[	scanning
electron	micrograph,	197[	ulcerated	lateral	pocket	wall,	view,	195f	Polishing	instruments,	403,	415	Polydipsia,	341	Polymerase	chain	reaction	(PCR),	105t,	305-306	Polymorphisms,	248	Polymorphonuclear	cells,	4	7	Polymorphonuclear	leukocyte	(PMN),	111,	125,	134,	171	aggregations,	238	Polyphagia,	341	Polytetrafluorethylene	(PTFE)	membranes,
usage,	554	Polyuria,	341	Pantie	design,	627-628	Porcelain-fused-to-metal	crowns,	l	18f,	62lf	Porphyromonas	gingivalis,	47,	62,	86,	96,	109,	129,134,197,236,239,242,263,279,	309,317,358,435,452,467,611	757	Positive	architecture,	536	ostectomy,	requirements,	536	Post-CVA	patients,	dental	clinician	treatment,	341	Posterior	left	maxilla,	CBCT
examination,	686f	Posterior	mandible,	69lf,	692	Posterior	maxilla,	four-unit	FPDs	(presence),	727[	Posterior	segments,	short-span	linear	implant	configurations,	691	Postoperative	pain,	498,	527	Posttreatment	evaluation,	611,	671,	682	Posttreatment	patients,	classification,	648	Postural	hypotension,	338	Power-driven	instruments,	clinical	outcomes,
445	Powered	toothbrushes,	386,	386f,	389,	390f,	464	Power	instruments,	428-429	efficiency,	444,	445	tip	designs,	445	type/benefit,	444-445	Power	scales,	action	mechanisms,	444	Precementum,	25	Preeclampsia,	261,	267	Pregnancy	gingival	enlargement	histopathology,	165	microscopic	view,	169f	pregnancy-associated	gingivitis,	106	Premolar	area,
mental	nerve	(emergence),	484f	Premolars	apical	area,	experimental	occlusal	trauma	(impact),	224[	radiograph,	488f	Preoperative	radiographs,	621	Preorthodontic	osseous	surgery,	631-632	Preprosthetic	surgery,	62	4b	Preprosthetic	techniques,	4	78b	Pretreatment	evaluation,	675-678	Pretreatment	periapical	radiograph,	633f	Prevalence	example,
73	sum,	265	P,-evotella	intamedia,	302,310,435,452,467,	611	P,-evotella	melaninogenica	(increase),	120	Prevotella	nigrescens,	129,	169	Preweighed	twisted	threads,	usage,	39	Prichard	surgical	curette,	417[	Prickle	cell	layer,	9	f	Primary	colonizers	(dental	plaque),	99t	Primary	dentition,	periodontium,	17	4	Primary	endodontic	infection,	lateral	canal-
led	periodontal	defect,	616f	Primary	herpetic	gingivostomatitis,	182-184,	369	clinical	features,	182-184	communicability,	184	diagnosis,	184	acyclovir	suspension,	prescription,	369	differential	diagnosis,	184	extraoral/systemic	signs/symptoms,	183	histopathology,	183-184	history,	183	lip/gingiva/tongue,	involvement,	184f	necrotizing	ulcerative
gingivitis,	differentiation,	180t	oral	signs,	182-183	oral	symptoms,	183	Primary	herpetic	infection,	55f	Primary	hypertension	(essential	hypertension),	occurrence,	33	7	Primary	periodontal	defects,	impact,	619[	Primary	pulpal	infection,	impact,	616f	Primary	trauma	from	occlusion,	222	758	Index	Primary	wound	closure,	microsurgical	principles
(usage),	606	Principal	components,	3	Principal	fibers,	14,	20,637	remodeling,	23	Prism	telescopic	loupes,	603-604	Probe	angulation,	285-286	exploration.	See	Periodontal	probe	penetration,	variation,	283	vertical	insertion,	284f	walking,	284f	Probing.	See	Clinical	probing;	See	also	Periodontal	probing	bleeding	critical	probing	depth,	380	depths,	63f
consideration,	380	force,	283	standardization,	absence,	285	standard,	referral,	38lf	technique,	284	Probing	pocket	depth	(PPD),	156,310,354,	355,358,396,459,734	Prognosis	aggressive	periodontitis,	317	anatomic	factors,	321	calculus,	local	factor,	328	caries,	impact,	323	chronic	periodontitis,	317	clinical	factors,	3166	definition,	315	dental	plaque-
induced	gingival	disease,	316	determination,	factors,	315	environmental	factors,	317	genetic	factors,	320	necrotizing	periodontal	diseases,	318-319	nonvital	teeth,	relationship,	323	patient	age,	impact,	316	patient	compliance/cooperation,	316	periodontitis,	317-324	plaque	(local	factor),	316	plaque	control,	316	provisional	prognosis,	establishment,
316	reevaluation,	324-325	restorative	factors,	315	root	resorption,	323	scheme,	316	smoking,	impact,	320	stress,	320	subgingival	restorations,	323	systemic	disease/condition,	317-318	systemic	factors,	328-329	teeth,	example,	319f	types,	315-316	Proinflamrnatory	cytokine	tumor	necrosis	factor	a:,	129t	Proliferation,	biologic	complication,	725
Prostaglandin	E2	(PGE2),	306	Prostaglandins,	87	inhibition,	NSA!Ds	(usage),	461	Prostanoids,	87	Prosthesis	screw	loosening,	726	Proteases,	production,	86,	236	Protectins,	89	Proteolytic	enzymes,	4	3	Prothrombin	time	(PT),	344	Protozoa,	96	Protrusion,	34	Protrusive	bruxing	habit,	appearance,	638	Provisional	fabrication,	716	implant	microsurgery,
impact,	716	restorations,	626	Provisional	prognosis,	establishment,	316	Proximal	contact	relations,	228,	277	Proximal	restorations,	overhanging	margins	(frequency),	117	Proximal	tooth	contact,	absence,	Sf	PRRs.	See	Pattern	recognition	receptors	Pseudomembrane,	64,	140,	169,	177,	178,	l	78f	Pseudomembrnnous	candidiasis	(thrush),	254
Psychologic	conditions,	142,143	Psychologic	stress,	143,239,344	Psychophysical	staircase	method,	4	71	Psychosocial	stress,	14	3	Psychosomatic	disorders,	142-14	3	PTFE.	See	Polytetrafluorethylene	PIM.	See	Pathologic	tooth	migration	Pubertal	gingivitis,	169	Puberty,	135,	163	enlargement,	169	histopathology,	169	gingival	enlargement,	170
Pulmonary	parenchymal	fibrous	infiltrate,	65f	Pulpal	abscesses,	619	Pulpal	continuum,	anatomic	considerations,	615-616	Pulpal	diseases	classification,	617t	initiation,	factors,	619	Pulpal	infection	biologic	effects,	617	differential	diagnosis,	619-621	fungi/yeast,	presence,	618	subjective	symptoms,	619-620	Pulpal	inflammation,	extensiveness,	615
Pulpal	irritation,	primary	periodontal	defects,	619f	Pulpal	origin,	66	Pulp	tissue,	infection	(persistence),	615	Pulsating	lavage,	impact,	396	Putrescine,	468,	4	72	Pyogenic	granuloma,	170,	533,	534f	appearance,	17	lf	clinical/histologic	images,	54f	nonspecific	conditioned	enlargement,	168	Pyrophosphates,	388	Ptyalism	(sialorrhea),	14	7	Q	Quasi-
experimental	studies,	meta-analyses,	456	Questionable	prognosis,	316,	317,	324	Questions,	type,	316,333,347,470,609	Quetin	furcation	curettes,	412-413	Quiescence,	198,	198f,	478	Quorum	sensing,	roles,	102	R	Radiation	caries,	clinical	view,	351	Radiation	dose,	688	Radiation	therapy,	122-123,	351,	712	Radiation	treatment,	impact,	122
Radiographic	examination,	677,	736	objective,	736	Radiographic	guides,	fabrication,	688	Radiographic	projections,	advantages/	disadvantages,	682t	Radiographic	techniques,	289-290	Radiographs	screening,	683	RAGEs.	See	Receptors	for	AGEs	Ramus	block	graft,	usage,	70f	Rapidly	progressive	periodontitis,	61	Rapid	progression	(RP),	212	RAS.	See
Recurrent	aphthous	stomatitis	Rat	alveolar	bone,	3	lf	experimental	occlusal	trauma,	223[	occlusion,	224[	Rat	molar	bundle	bone,	32f	occluso-horizontal	forces,	microscopic	view,	24[	Reactive	oxygen	species	(ROS),	91	Real,	30	vision,	721	Recall	intervals,	651	t	Recall	maintenance,	methods,	739	Recall	patients	recall	intervals,	651	t	supportive
periodontal	treatment,	radiographic	examination,	649t	Receptors	for	AGEs	(RAGEs),	135	degrees,	appearance,	16lf	extensiveness,	65f	smokeless	tobacco,	impact,	123f	Recombinant	human	platelet-derived	growth	factor,	553	Reconstructive	surgery,	naps	(usage),	524	Reconstructive	surgical	techniques,	553	case,	sample,	555f	combined	techniques,
556-557	therapeutic	success,	factors,	557	Recurrent	aphthous	stomatitis	(RAS),	184	Recurrent	gingivitis,	155	Reduced	enamel	epithelium	(REE),	11,	17	Reduced	penetrance,	124	Refractory	periodontitis	(treatment),	tetracyclines	(usage),	451	Regenerated	ridge,	computed	tomography	image,	68f	Regenerating	cells,	sources,	329f	Regeneration,	329
occurrence,	329	Regenerative	approaches,	comparative	analysis,	552	Regenerative	success,	clinical	photographs/	periapical	radiographs,	355f	Regenerative	surgery,	480	Reintrusion,	reason,	63	7	Relative	risk,	123	Remote	incision,	layered	suturing	technique,	699	Removable	appliances,	long-term	use,	706	Resective	osseous	surgery	methods,	538-540
rationale,	53	7	selection	factors,	537-538	treatment	technique,	selection,	536	usage,	539f	Resective	periodontal	surgery,	354	Resident	cells	(microbial-associated	molecular	patterns),	87	Residual	cement,	local	factor,	118	Residual	crestal	bone	height,	minimum,	620	Resolvins,	89	Resonance	frequency	analysis	(RFA),	664	Resorptive	process,	events
(sequence),	32	Restorations	defects,	recontouring,	3	79	Restorations,	margins,	117-118	Restorative	dentistry	procedures,	119	therapy,	rationale,	623	treatment,	sequence,	624	Restorative	factors,	310	Restorative	therapy,	occlusal	considerations,	628-629	Reticular	connective	tissue	fiber,	140	Reticular	lichen	planus,	536	Retrograde	periodontitis,	615
periapical	lesion,	extension,	616f	Retromolar	triangle,	485	Reversal	phenomenon,	116	Reverse	bevel	incision,	510	Reversed	architecture,	217	appearance,	217[	Index	Ridge	augmentation,	707	preservation,	624b	Right	central	incisor,	periodontal	abscess	(radiographic	appearance),	204f	Right	lateral	incisor,	vertical	defects,	355f	Risk



contraindications,	503	determinant/background	characteristic,	309,310	elements,	categories,	31	Ob	indicators,	309	predictors/markers,	309	probability,	124	prognosis,	confusion,	146,	286	Rod-shaped	ultrasonic	instruments,	502	Roots	apical	portion,	movement,	19	approximation,	157,	562f	cementum,	tooth-associated	cervical	plaque	(adherence),	97
chronic	periodontal	abscess,	lateral	aspect	(radiolucent	area),	205,	288	concavities,	310,	322	dentin,	formation,	l	lf,	19	development,	Hertwig	epithelial	root	sheath	(role),	19	fractures,	67,	615	fragments,	tuberosity	enlargement	(contact),	486	length,	121,205,303,380,562,636	operating	mode,	719b	planing	curette,	selection,	438f	difficulty,	380
proximity,	635-636	removal,	decision,	5	71	resection,	571	advanced	bone	loss,	impact,	568,	571	procedure,	568	vital	root	resection,	568	resorption,	226	trauma-induced	areas,	226	shape,	405f	subgingival	adaptation,	405f	trunk	length,	562	Root	surfaces,	23,	162,	278,	607,	624,	644,	717,	739	biomodification,	556	debridement,	561	gingival	margin,
relationship,	46f	irregularities,	smoothness	(detection),	282f	ROS.	See	Reactive	oxygen	species	Rotating	magnification	element,	example,	605	Round	bur,	539[,	699	Rubber	cups,	415	Rubber	tips,	392	recommendations,	392	technique,	392	Ruptured	herpetic	vesicles,	157	s	Saline	solution	cavitation,	impact,	720	Saliva,43-44,90	antibacterial	factors,	4	3
constituents,	90t	enzymes,	4	3-44	high-molecular-weight	mucinous	glycoproteins,	4	3	incubation	test,	4	72	intraoral	habitats,	90t	leukocytes,	44	mineralization	source,	116	proteolytic	enzymes,	4	3	role,	43t	Salivary	antibodies,	43	Salivary	buffers,	44	Salivary	glands	aplasia,	125	disorders,	25	7	Sarcoidosis,	62,	171	histopathology,	171	prednisone
treatment,	66f	pretreatment,	65f	Sarcoma,	17	4	Scaffolds,	tissue	engineering	element,	552f	Scaling	instruments,	403	Scaling	and	root	planing	(SRP),	406[,	423	furcation,	565	outpatient	surgery,	497	Scalloping	apical	portion,	522-523	requirement,	5	l	9f	Scanning	electron	micrograph	(SEM)	comparison,	660f	Schneiderian	membrane,	487,	713
Schwartz	Periotriever,	410-411	magnetic	tip,	412f	tip	designs,	42lf	Scissors,	417	Screw	loosening,	726-727	SOD.	See	Sub-antimicrobial-dose	doxycycline	Secondary	colonizers	dental	plaque,	99t	interactions,	98	Secondary	hypertension,	33	7	Secondary	trauma	from	occlusion,	222	occurrence,	222	Second	incision,	511,	512f	Second	premolar,	osseous
defect,	549f	Second-stage	exposure	surgery,	703-705	clinical	view,	704f	Second-stage	implant	surgery,	objectives,	703b	Secreted	protein,	acidic,	rich	in	cysteine	(SPARC),	32	Sedation,	337-339,	341-344,	348,494,	499,697	Segregation	analysis,	124	Self-inflicted	gingival	dehiscence	(induction),	fingernail	(impact),	57f	Self-inflicted	injury,	psychiatric
influence,	14	3	Semidestroyed	connective	tissue	fibers,	200	Sequential	probing	measurements,	comparison,	650	Serum	CRP	elevations,	risk	factor,	264-265	Severe	periodontitis,	232,	509f	Sex	hormones,	42	concentration,	135	Shallow	vestibule,	problems,	574	Sharpey	fibers,	20,	23	deep	penetration,	32f	presence,	32	Shock	absorption,	23	Short-term
goals,	331	Sialorrhea	(ptyalism),	14	7	Sickle	scalers,	404-405	characteristics,	405f	sizes,	variation,	406f	usage,	405f	Signaling	molecules,	tissue	engineering	element,	559f	Significance.	See	Clinical	significance	Silver	points,	example,	283f	Simple	diseases,	linkage	analysis	(usage),	124	Simple	Keplerian	loupes,	602	Simple	loupes,	602	example,	604f
Simultaneous	implant	placement,	707-709	Single-element	loupes,	602	759	Single-ended	Gracey	curettes,	collection,	406-407	Single	nucleotide	polymorphisms	(SN!Ps),	236,	248	Single-rooted	teeth,	mobility,	278	Single-stranded	filaments,	fimbriae,	86	Single	teeth,	692	Single-tooth	implant	crown	clinical	photograph,	729f	Single-tooth	replacement,
675f	Single-tooth	restoration,	693f	Single-tooth	sites,	692-693	Sinus	elevation,	712b	surgical	procedures,	712	Skatole,	470,472	Skull	bone	loss,	appearance,	218f	bony	periodontium,	photograph,	536f	periodontium,	photograph,	536f	Sling	sutures,	placement,	514	Smokeless	tobacco,	122	histologic	features,	123f	impact,	123f	nicotine	uptake,	122
usage,	vestibule	(oral	leukoplakia),	123f	Smokers	high-risk	patients,	466	plaque	accumulation/inflammation,	l	7f	Smoking	effects,	129-131,	128tt,	129t	epidemic,	12	7	harm,	127	immune-inflammatory	responses,	129	impact,	309	maintenance	therapy,	130-131	nonsurgical	therapy,	130	physiology,	129	risk	factor,	727	periodontitis,	128	status,
assessment	(challenges),	128b	surgical	therapy/implants,	130	Smoking	cessation,	131	SN!Ps.	See	Single	nucleotide	polymorphisms	Snuff	(smokeless	tobacco),	122	Socioeconomic	status	(SES),	impact,	311	Socket	wall,	32-33	Soft	palate	ecchymosis,	evidence,	138f	petechiae,	evidence,	138f	Soft	plaque,	hardening,	115	Soft	tapered	bristles,	395f	Soft
tissue,	3,	15,	23,	68,	73,	76,	78,	97,	122,	161,181,196,206,211,256,259,272,	295,327,354,368,379,396,399,403,	405,416,422,426,437,446,469	Soft	tissue,	biopsy,	69f	Soft-tissue	wall,	196	Soles,	hyperkeratosis,	64f	Solid-state	detectors,	usage,	298	Solobactelium	moorei	(presence),	468	Sonic	instruments,	403,	413	Specialized	mucosa,	3	Split-mouth
design,	611	Spontaneous	bleeding,	64,	157	SPT.	See	Supportive	periodontal	treatment	Squamous	cell	carcinoma,	173	appearance,	l	74f	gingiva,	location,	l	74f	Squirrel	monkey,	eruption	(studies),	226	SRP	See	Scaling	and	root	planing	Stabident,	338	Stability	measures,	735-736	Staged	implant	placement,	71	lf	Stage	I	gingival	inflammation	(initial
lesion),	151	Stage	II	gingival	inflammation	(early	lesion),	151-153	760	Index	Stage	III	gingival	inflammation	(established	lesion),	153	Stage	IV	gingival	inflammation	(advanced	lesion),	153-154	Standard-diameter	implants,	650[,	668,	683.e5f	usage,	668	Standard	projections,	682	Stannous	fluoride,	4	73	Steroid	hormones,	increase,	102,	106	Stillman's
clefts,	16lf,	162	Stippling,	160	variation,	17	Streptococcal	gingivostomatitis	(rarity),	180	Streptococcus	mutans	(microbial	lineage),	95,	200	Streptococcus	sanguinis	(colony	morphology),	95	Streptococcus	species,	453	Stress,	142-143	impact,	143	Stress-induced	immunosuppression,	14	3	Stroke	patients,	oral	anticoagulants	(usage),	341	periodontal
disease,	relationship,	265	periodontal	infection,	association,	265	repetition,	prevention,	341	Subacute	leukemia,	periodontal	ligament/	alveolar	bone	(involvement),	140	Sub-antimicrobial-dose	doxycycline	(SOD),	464	action	mechanism,	462-463,	464-465	Periostat,	464	Subgingival	area,	roughness,	118	Subgingival	calculus,	113	composition,	114-115
dark-pigmented	deposits,	114f	deposits,	ll	4ff	bitewing	radiograph,	l	l	4ff	location,	113	pigmented	deposits,	l	l	4f	removal,	double-ended	curette	(usage),	407f	Subgingival	chlorhexidine,	456-457	Subgingival	curettage,	502,	502[	Subgingival	debris,	626	Subgingival	doxycycline,	457	Subgingival	margins,	625	Subgingival	metronidazole,	458	Subgingival
microbiota,	composition	(differences),	97	Subgingival	minocycline,	458	Subgingival	moxifloxacin,	458-459	Subgingival	plaque	biofilm,	removal,	379	composition,	97	formation,	dynamics,	116	location,	113	spirochetes,	phase-contrast	microscopy,	66f	Subgingival	restorations,	323	Subgingival	scaling,	366,437	curette,	selection,	4	38ff	Subinfection,
result,	261	Subjects,	bacterial	transmission,	102-103	Sublingual	space,	location,	485,	490	Submandibular	space,	location,	485	Submental	space,	location,	490	Subtractive	osseous	surgery,	535	impact,	536f	Sulcular	epithelium,	9-10,	14-15	capillaries,	arrangement,	15	importance,	9	permeability,	40	Sulcular	fluid	(gingival	fluid),	12,	39-42	collection
methods,	39-40	Sulcular	incision	flap,	usage,	480	Sulcus,	280	paper	strips,	placement,	39	probe,	penetration,	283f	Super-resistant	bacteria,	identification,	102	Supine	hypotensive	syndrome,	occurrence,	351	Supporting	structures,	vascularization,	36-3	7	Supportive	implant	treatment,	rationale,	733	Supportive	periodontal	care,	332	Supportive
periodontal	treatment	(SPT),	643	examination/evaluation,	645	radiographic	examination,	649t	Suppuration,	287	Suprabony	periodontal	pockets	depth,	marking,	504f	interdental	papilla,	200f	ulcerated	suprabony	periodontal	pockets,	interdental	papilla,	200f	Supracrestal	connective	tissue	zone,	function,	665	Supragingival	calculus,	113	depiction,	114[
deposits,	114f	location,	113	maxillary	molars,	l	l	4f	removal,	sickle	scaler	(usage),	405ff	Supragingival	dental	plaque	formation,	factors,	100-101	Supragingival	hard	surfaces,	95	Supragingival	margin,	117,	323,	625	Supragingival	plaque	biofilm,	removal,	388	calcification,	116	clinical	picture,	97f	location,	97	subgingival	progression,	226	topography,
100-101	Supraperiosteal	arterioles,	14	Surface	irregularities,	47,	101,	115	Surface	modification,	advances,	691	Surgical	blades,	416,	416f	Surgical	chisels,	417	Surgical	complications,	709,	711,	713,	725	Surgical	curettes/sickles,	417	Surgical	esthetic	goal,	715	Surgical	gingivectomy,	503	healing,	505	initial	response,	505	Surgical	guides	fabrication,
683	Surgical	loupes,	magnification	range,	604-605	Surgical	management,	608,	611	Surgical	microscope,	603,	605	coated	achromatic	lenses,	605	Surgical	performance,	improvement,	600	Surgical	pocket	therapy,	4	77-4	78	purpose,	4	77	Surgical	therapy,	130	nonsurgical	therapy,	combination,	646f	Surgical	trauma	lip	paresthesia,	483	minimization,
717	Susceptible	patient,	defining,	340	Sutures	classification,	605	microsurgical	sutures,	605	Suturing,	605,	703	Swelling,	497	Swollen/spongy	gingiva,	leukemia	(primary	medical	diagnosis),	54f	Syncope,	emergency,	494	Syphilis	(secondary	stage),	necrotizing	ulcerative	gingivitis	(differentiation),	l	79t	Systemically	administered	agents,	461-463
Systemic	antibiotics,	usage,	32	7,	456	Systemic	antimicrobial	agents	therapeutic	uses,	455t	Systemic	conditions	gingival	manifestations,	56	impact,	318,	328	oral	manifestations,	52	Systemic	diseases	enlargements,	association,	168-170	manifestation,	periodontitis	(impact),	61-62,	317-318	periodontal	manifestations,	268	Systemic	health,	periodontal
disease	(relationship),	262	Systemic	infections,	263	Systemic	tetracycline,	usage,	358b	Systemic	therapy,	327-328	Systolic	BP,	increase,	337-338	T	Tannerellaforsythia,	62,	97,	109,	129,236,267,	467	Targeted	oral	hygiene,	3	78	T	cells.	See	Thymic	lymphocytes	Teeth	alveolar	bone	destruction,	87,	215	alveolar	ridge,	relationship	(evaluation),	665
anatomic	factors,	59b,	67	atrophic	periodontal	ligament,	36f	clinical	comparison,	6	70	clinical	indices,	usage,	280	continuous	tooth	eruption,	18,	47,278	crowding,	119,	142,	469	calculus	formation,	44	gingival	inflammation,	77t	plaque	formation,	51	crown,	failure	(silicone	impression),	693.e2f	cusps,	118,119,277	cuticular	structures,	12
endodontic/periodontal	prognosis,	63	7	eruption,	10,	llf,	17,	29,	95,	164	examination,	312b	facial	surface,	appearance,	170[,	585f,	626	fracture,	330,	636	functional	occlusal	relationships,	280	gingival	enlargement,	52,	136f	irregularity,	368	irrigation,	393	lingual	surfaces,	dimpling,	207,224,	280	location,	67	marginal	gingiva,	relationship,	3
microvascular	topography,	669f	migration,	87	missing	tooth,	CBCT	examination,	686f	movement,	121	mucogingival	deformities/conditions,	68	orthodontic	alignment,	640f	pain,	acute	trauma,	221	pathologic	migration,	319[	periapical	radiograph,	78	physiologic	migration,	35	preservation,	332	prognosis,	315	proximal	contact	relations,	228,	276
proximity	(assessment),	intraoperative	periapical	radiographs	(usage),	683f	pulsating	lavage,	impact,	396	relative	importance,	637	removal,	3726,	706	retention,	45	root	interradicular	dimension,	563	resorption,	development,	550[	shape,	problem,	639	support	loss	(bone	loss),	264	tensional	theory,	23	surface	hoe	scaler	design,	413[	trauma,	618
vitality,	619	wall,	surface	morphology,	200-201	wasting	disease,	277	Index	TeOon	membranes,	usage,	554	Temporomandibular	disorders,	276	Temporomandibular	joint	(TMJ),	221,351,483,	676,	716	Tenting	screw,	usage,	67f	Tetracyclines,	449	antibacterial	doses,	long-term	use,	451	clinical	use,	451	pharmacology,	451	tetracycline-containing	fibers,
451	Tetradecanol,	4	72	TGF-~.	See	Transforming	growth	factor-B	Therapeutic	procedures,	sequence,	332	Thin	maxillary	anterior	sites,	fenestration	defect,	709f	Third	molars,	228,	487	impaction,	526f	partially	erupted	mandibular	third	molar,	185	traumatic	lesion,	garlic	(placement),	224	Third	National	Health	and	Nutrition	Examination	Survey
(NHANES	III),	bleeding	measures,	156	3D	mapping	data	acquisition,	721	3-mm	twist	drill,	702	Three-unit	FPDs,	radiograph,	727f	Three-wall	defects,	631	Three-wall	intrabony	defects,	631	Thrombin,	344	Thrombocytopenia	(bleeding	disorder),	141,	252,253,256	Thrombogenesis,	263	Thrush,	179,	254	Thumb-reinforced	rest,	423f	Thymic	lymphocytes
(T	cells),	92	Tilted	molar,	mesial	root,	35f	Tissue	destruction,	90,	417	Tissue	engineering,	547,552,	559f,	593	Tissue	forceps,	417,	5	77,	5	78	Tissue	management,	494	two-stage	implant	placement,	698	Tissue	reevaluation,	3	77,	3	79	Tissue	response,	stages,	222-224	Tissue	tags,	removal,	519	Tissue/titanium	interrelationship,	three-dimensional
diagram,	663f	Titanium	implants,	655	curettes,	438f	Titanium	microsurgical	instruments,	600[	Titanium-reinforced	(TR)	membranes,	555f	INF.	See	Tumor	necrosis	factor	Tobacco	smoke,	components,	127	smoking,	130,	272	periodontal	disease	risk	factor,	259,	309	stains,	11	?f	Toll-like	receptors	(TLRs),	121	Tongue	cleaning,	4	72	coating,	468-469
clinical	pictures,	469f	scores,	473	dorsum,	468,	469	intraoral	habitats,	103	left	lateral	border,	oral	hairy	leukoplakia,	255[	Miyazaki	tongue	coating	index,	47lf	piercing,	oral	jewelry	(impact),	121	pressure,	pathologic	migration	(association),	226,	227f	thrusting,	120[,	279	Oared	incisors,	anterior	open	bite,	120f	Tonsils,	95,	138,	180t,	471,472	Tooth-
associated	cervical	plaque,	root	cementum	(adherence),	97	Toothbrush,	384	design,	384-385	manual	toothbrushes,	384	powered	toothbrushes,	385-386	recommendation,	389	Toothbrushing,	17,	42,	48,	80,157,	158t,	160	abrasive	dentifrice,	usage,	121,	2	77,	384	aggressiveness,	abrasion	(example),	2	77	methods,	388-389	Tooth	extraction,	96,	117,
266,	341,	624b,	706	piezoelectric	bone	surgery,	example,	717	site,	implant	drilling,	716	Tooth	loss,	45,	62,	121,141,209,214,233,	244f,	611,643	advanced	periodontal	disease,	618	untreated	periodontal	disease,	203,	270	Tooth	mobility,	21,	63,	73,	77,	134,	226,	233f,	255,278,321,327,354,380,462,620,	633,735	Tooth	mortality,	212,315,316	Tooth
surface,	529	calculus,	attachment,	115,	116f	irregularities,	282f	microbial	populations,	99	microorganism,	adherence,	99f	micro	roughness,	101	pigmented	deposits,	114[	plaque-bacteria	association,	depiction,	98f	Traditional	flap,	design,	51	lf	Transforming	growth	Iactor-B	(TGF-),	87	Transgingival	probing,	usage,	287,	494	Transgingival	sounding,
impact,	561	Transseptal	fibers,	14,	21,	202f,	210	interproximal	extension,	21	lf	reformation,	21	lf	Transversal	incision,	526	Trauma	occlusion,	impact,	241	site,	irrigation	(usage),	259	Trauma	from	occlusion,	28,	35,	71,213,214	clinical/radiographic	signs,	226	impact,	226-227	injury	phase,	223,	224	repair	phase,	223,	224	Traumatic	forces,	occurrence,
67,327,	623	Traumatic	lesions,	56,	160,	224	evolution,	225[	reversibility,	225	Traumatic	occlusion,	221	Traumatism,	221	Treatment	biologic	mechanisms,	understanding,	25	master	plan,	331-332	explanation,	333	presentation,	333	planning,	692	success	(determination),	inherited	genetic	variation	(impact),	124	Treponema	denticola	(spirochete),
culture	difficulty,	236	Treponema	microdentium	(cultivated	strains),	179	Treponema	pallidum	(syphilis),	180t	Triangular	wooden	tips,	popularity,	392,	393f	Triclosan	(TCN),	387	True	endpoints,	92	Tuberosity	area,	treatment,	526	Tumorlike	gingival	enlargement,	168-169	Tumor	metastasis,	17	4	Tumor	necrosis	factor	(INF),	112,	125	Tumor	necrosis
factor-a	(INF-a),	129t,	213,	236	Tumors,	136,	163	Twin	studies,	123	2-mm	twist	drill,	699	Two-phase	oil-water	rinse,	4	73	Two-stage	implant	placement	surgery,	one-stage	implant	placement	surgery	(differences),	698	tissue	management,	699[	761	Two-stage	implant	surgery,	one-stage	implant	surgery	(differences),	698f	Two-stage	submerged	implant
placement,	698	Two-wall	angular	defects,	536	Two-walled	defects/craters,	536	Type	1	diabetes,	133,	266	abscess,	presence,	135f	Type	1	diabetes	mellitus,	133	gingival	inflammation/periodontal	abscess,	impact,	134	Type	2	diabetes,	134,	167,	266,	309,	320,	397	longitudinal	study,	262	long-term	history,	265	Type	2	diabetes	mellitus,	133	alveolar	bone
loss/inflammation,	146	u	U	15/30	scaler,	40	5	Ulcerated	lateral	pocket	wall,	view,	195f	Ulcerated	suprabony	periodontal	pockets,	interdental	papilla,	200f	Ulcerative	lesions	(erosive	lesions),	183	Ulcerative	squamous	cell	carcinoma,	173	Ultrasonic	cutting,	719	Ultrasonic	instruments,	413,425,427,437,	445,502	Ultrasonic	scalers,	444,513,	740
Ultrasonic	tips,	428,437,	740	Ultrasound,	usage,	444	Uncontrolled	type	1	diabetes	mellitus,	appearance,	133	Undisplaced	flap,	520	internal	bevel	incision,	initiation,	510,	510f	preoperative	facial/palatal	views,	522f	Unfavorable	prognosis,	316	United	States	periodontal	status,	8lt	periodontitis,	prevalence,	172	Universal	curettes,	406,	407	Gracey
curettes,	differences,	407,	408	types,	407f	Unreplaced	missing	teeth,	222	Upper	molars,	calculus	formation,	2	l	4f	Upper	premolar,	circumferential	vertical	defect,	21	?f	Upper	right	central	incisor,	periodontal	abscess,	204f	Upper	second	premolar/molars,	facial	aspect	(exostosis),	214[	Urea,	343,472	Uvula,	ulcerations,	257f	V	Valproic	acid
(Depakene),	166	Vascular	supply,	inflammation	(relationship),	669,706	Vasoconstrictor,	usage,	127,	129	Veillonella	parvula	(anaerobic	gram-negative	small	cocci),	99t	Veneers,	69f,	595[,	636,	726	Venous	drainage,	3	7	Ventricular	pacing,	inhibition,	446	Vertical	bite-wing	films,	usage,	290,	29lf	Vertical	bone	augmentation,	713	Vertical	bone	loss,	730f
mandibular	implants,	impact,	729f	Vertical	defects	(bone),	535	Vertical	incisions,	486,	510f,	512,	525f,	527	Vertical	ridge,	692	sinus	bone	augmentation,	combination,	487,	675,	684,	712	Vestibular	depth,	?Of,	484f	Vestibular	fornix,	mucogingival	ridge	defect,	?Of	Vestibule,	oral	leukoplakia,	123f	762	Index	Viewing	periodontal	explorers,	414[	Vincent's
angina,	180	Viruses,	presence,	44,	53,	96	Viscoelastic	system	theory,	23	Vitality	See	Teeth	Vital	root	resection,	566	Vitamin	C	deficiency,	enlargement,	163	Volatile	sulfur	compounds	(VSCs),	474	von	Recklinghausen's	disease	(neurofibromatosis),	159	von	Willebrand	disease,	344,	345,	346	result,	346	von	Willebrand	factor	antigen,	increase,	263,
345,346	w	Wasting,	definition,	252,	277	Weakness,	feeling,	497	Wear	and	tear	repair,	329	Wegener's	granulomatosis,	163,	171,	187	appearance,	l	7lf	cause,	171	histopathology,	171	WES.	See	White	esthetic	score	Wharton's	duct,	490	White	blood	cells	(WBCs),	52,	97,137,347,351	White	esthetic	score	(WES),	726	Wide-diameter	implants,	674,	678f,
693,	700	case	presentation,	692.el,	692.e8	dental	history/complaints,	676	Widow's	peak	(line-angle	inconsistencies),	removal,	540	Wooden	tips,	392,	393[,	400	popularity.	See	Triangular	wooden	tips	recommendations,	392	technique,	392	Wooden	toothpick,	392,	393f,	396	Woodson	periosteal	elevator,	417[	Working	side,	445[	Wound,	133,138,144,166,
257,2656,307	primary	wound	closure,	microsurgical	principles	(usage),	60lf	Woven	bone,	characterization,	662[	X	Xenografts,	549t,	551	Xerostomia,	122,	123,	135,	257,351,469	y	Yeasts,	96,	238,	469,	618,	618	z	Zinc	oxide-eugenol	packs,	495	Zometa,	274	Zonae	occludens,	7	Zygomatic	process,	486
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