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ABSTRACT	

Background:	 Primary	 prevention	 and	 early	 diagnosis	 are	 essential	 in	managing	 peri-

implantitis,	 particularly	 given	 its	 high	 prevalence	 and	 rapid	 progression.	 Prevention	

strategies	also	comprise	managing	modifiable	risk	factors.	The	identification	of	risk	and	

protective	 factors	 requires	 a	 longitudinal	 assessment	 to	 validate	 the	 temporality	

criterion.	However,	most	available	evidence	on	peri-implantitis	risk	factors	is	based	on	

cross-sectional	studies.			

The	diagnosis	of	peri-implantitis	relies	on	clinical	assessments	of	probing	pocket	depth	

(PPD),	 bleeding	on	probing	 (BoP)	 and	 suppuration	on	probing	 (SoP),	 together	with	a	

radiographic	 examination.	 Identifying	 clinical	 parameters	 relevant	 for	 diagnosing	 a	

history	 of	 bone	 loss	 or	 predicting	 its	 future	 incidence	 would	 be	 clinically	 relevant.		

However,	 studies	 investigating	 beyond	 the	 dichotomous	 definition	 (BoP)	 (e.g.,	 BoP	

extent	and	severity)	and	changes	in	PPD	/	peri-implant	soft	tissue	dehiscence	over	time	

are	still	needed.	

Aims:	 Study	 #1:	 To	 evaluate	 the	 incidence	 and	 risk	 factors	 associated	 with	 peri-

implantitis	 in	 a	 longitudinal	 framework;	 and	 Study	 #2:	 to	 identify	 which	 clinical	

parameters	are	relevant	 for	diagnosing	a	history	of	bone	 loss	or	predicting	 its	 future	

incidence.		

Material	 and	Methods:	 Seventy-three	patients	with	322	 implants	were	evaluated	at	

baseline	and	after	a	mean	follow-up	of	3.9	(SD=0.3)	years.		

At	baseline,	patients	underwent	thorough	data	collection	in	four	phases:	demographic	

and	medical/dental	history,	clinical	examination,	radiographic	examination,	and	analysis	

of	past	dental	records.	At	follow-up,	clinical	and	radiographic	parameters	of	the	included	

implants	were	re-assessed.		
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The	main	outcomes	were:	Study	#1:	incidence	of	peri-implantitis,	defined	as	bone	loss>1	

mm	with	BoP;	Study	#2:	peri-implant	bone	loss	>1	mm	between	the	two	examinations.		

Multi-level	multiple	logistic	regression	analyses	were	performed	to	identify	(i)	baseline	

putative	 risk/protective	 factors	 associated	 with	 incidence	 of	 peri-implantitis	 and	 (ii)	

baseline	 clinical	 parameters	 predicting	 the	 incidence	 of	 bone	 loss	 or	 associated	 at	

follow-up	 with	 a	 history	 of	 bone	 loss	 between	 the	 two	 examinations,	 reporting	

sensitivity,	 specificity,	 positive/negative	 predictive	 values,	 and	 area	 under	 the	 curve	

(AUC)	values.	

Results:	 Peri-implantitis	 was	 detected	 in	 28	 (9.4%)	 implants. The	 patient-level	 risk	

factors	for	bone	loss	were:	stage	IV	periodontitis	(OR=41.29),	periodontal	bone	loss/age	

ratio	>1	(OR=8.87),	current	smoking	(OR=7.84),	and	sleep	duration	>7	hours	(OR=19.97).	

The	implant-level	risk	factors	identified	were:	incisor	position	(OR=60.60),	full-arch	fixed	

restoration	 (OR=89.84),	 juxta-marginal	 implant-supported	 rehabilitations	 (vs.	 supra-

marginal:	OR=14.17). 		

Redness	at	baseline	presented	high	sensitivity	(96.4%)	in	predicted	future	bone	loss. 	

Conversely,	high	specificity	but	low	sensitivity	was	observed	for	BoP	at	6	sites	(sensitivity	

=	25.0%;	specificity	=	88.1%)	and	SoP	(sensitivity	=	14.3%;	specificity	=	91.5%).	At	follow-

up,	 high	 specificity	 for	 diagnosing	 recent	 bone	 loss	 >1	 mm	 was	 found	 for:	 profuse	

bleeding	 (91.9%),	 PPD	 ≥6mm	 (81.9%),	 PPD	 increase	 >1	mm	 (95.9%),	 and	 soft-tissue	

dehiscence	increase	>1	mm	(91.5%).		The	best	diagnostic	accuracy	was	achieved	using	a	

combined	criterion	of	site-specific	PPD	or	PISTD	increases	>1	mm	over	time	(sensitivity	

=	82.1%;	specificity	=	70.0%;	AUC	=	0.76).	

Conclusion	 and	 Clinical	 implications:	 Periodontitis	 stage	 and	 grade,	 smoking	 status,	

sleep	 duration,	 implant	 location,	 and	 restorative	 characteristics	 are	 longitudinally	
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associated	 with	 the	 incidence	 of	 bone	 loss.	 Peri-implant	 bone	 loss	 appears	 to	 be	

preceded	by	BoP	and	visual	redness	in	the	peri-implant	soft	tissues.	Implants	with	BoP	

at	6	sites	or	SoP	are	more	likely	to	exhibit	bone	loss	over	time.	The	presence	of	profuse	

bleeding,	BoP	at	six	sites,	SoP,	deep	PPD,	and	increases	in	PPD	or	soft-tissue	dehiscence	

are	indicative	of	a	history	of	bone	loss,	with	high	levels	of	specificity.  
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RESUMEN	

Antecedentes:	 La	prevención	primaria	 y	el	diagnóstico	precoz	 son	esenciales	para	el	

tratamiento	de	la	periimplantitis,	especialmente	dada	su	elevada	prevalencia	y	rápida	

progresión.	Las	estrategias	de	prevención	también	comprenden	la	gestión	basada	en	el	

control	 de	 los	 factores	 de	 riesgo	 modificables.	 La	 identificación	 de	 los	 verdaderos	

factores	de	riesgo	y	de	protección	requiere	una	evaluación	longitudinal	para	verificar	el	

criterio	de	temporalidad.	Sin	embargo,	la	mayoría	de	las	pruebas	disponibles	sobre	los	

factores	de	riesgo	de	periimplantitis	se	basan	en	estudios	transversales,	lo	que	dificulta	

la	 asociación	 temporal.	 El	 diagnóstico	 de	 la	 periimplantitis	 se	 basa	 en	 evaluaciones	

clínicas	de	la	profundidad	de	sondaje,	el	sangrado	al	sondaje	y	la	supuración,	junto	con	

un	 examen	 radiográfico.	 La	 identificación	 de	 parámetros	 clínicos	 relevantes	 para	

diagnosticar	 un	 historial	 de	 pérdida	 ósea	 o	 predecir	 su	 incidencia	 futura	 sería	

clínicamente	relevante.		Sin	embargo,	aún	son	necesarios	estudios	que	investiguen	más	

allá	 de	 la	 definición	 dicotómica	 del	 sangrado	 a	 sondaje	 (por	 ejemplo,	 extensión	 y	

severidad)	y	los	cambios	en	la	profundidad	de	sondaje	/	dehiscencia	de	tejidos	blandos	

periimplantarios	a	lo	largo	del	tiempo.	

Objetivos:	 Estudio	 #1:	 (i)	 Evaluar	 la	 incidencia	 y	 los	 factores	 de	 riesgo/protectores	

asociados	 a	 la	 incidencia	 de	 la	 periimplantitis;	 y	 Estudio	 #2:	 (ii)	 identificar	 qué	

parámetros	 clínicos	 son	 relevantes	 para	 diagnosticar	 una	 historia	 de	 pérdida	 ósea	 o	

predecir	su	incidencia	futura.		

Material	y	métodos:	Setenta	y	tres	pacientes	con	322	 implantes	fueron	evaluados	al	

inicio	y	tras	un	seguimiento	medio	de	3,9	(SD=0,3)	años.		

En	 basal,	 se	 realizó	 una	 exhaustiva	 recogida	 de	 datos	 en	 cuatro	 fases:	 historia	

demográfica	 y	 médico-dental,	 examen	 clínico,	 examen	 radiográfico	 y	 análisis	 de	 los	
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registros	dentales	anteriores.	En	el	seguimiento,	se	volvieron	a	evaluar	los	parámetros	

clínicos	y	radiográficos	de	los	implantes	incluidos.		

Los	resultados	principales	fueron:	Estudio	nº	1:	 incidencia	de	periimplantitis,	definida	

como	pérdida	ósea	>	1	mm	con	sangrado	a	sondaje	en	al	menos	una	localización;	Estudio	

nº	2:	pérdida	ósea	periimplantaria	>	1	mm	entre	los	dos	exámenes.		

Se	realizaron	análisis	de	regresión	logística	multinivel	para	identificar	(i)	los	factores	de	

riesgo/protectores	 putativos	 basales	 asociados	 a	 la	 incidencia	 de	 pérdida	 ósea-

periimplantitis	 y	 (ii)	 los	 parámetros	 clínicos	 basales	 que	 predecían	 la	 incidencia	 de	

pérdida	ósea;	o	asociados	en	la	evaluación	de	seguimiento	a	histórico	de	pérdida	ósea	

ocurrida	 entre	 los	 dos	 exámenes.	 Los	 valores	 de	 sensibilidad,	 especificidad,	 valores	

predictivos	positivos/negativos	y	área	bajo	la	curva	(AUC)	fueran	determinados.	

Resultados:	Se	detectó	periimplantitis	en	28	(9,4%)	de	 los	 implantes.	Los	 factores	de	

riesgo	 a	 nivel	 de	 paciente	 para	 la	 pérdida	 ósea	 fueron:	 periodontitis	 estadio	 IV	

(OR=41,29),	relación	pérdida	ósea	periodontal/edad	>1	(OR=8,87),	tabaquismo	actual	

(OR=7,84)	 y	 duración	 del	 sueño	 >7	 horas	 (OR=19,97).	 Los	 factores	 de	 riesgo	 a	 nivel	

implante	 identificados	 fueron:	 posición	 del	 implante	 en	 incisivos	 (OR=60,60),	

restauración	fija	de	arcada	completa	(OR=89,84),	rehabilitaciones	implanto-soportadas	

yuxta-marginales	(vs	a	supra-marginales:	OR=14,17).		

El	 enrojecimiento	 de	 los	 tejidos	 blandos,	 valorado	 en	 basal,	 presentó	 una	 alta	

sensibilidad	(96,4%)	en	predecir	la	pérdida	ósea	futura.	Por	el	contrario,	se	observó	una	

alta	 especificidad,	 pero	 una	 baja	 sensibilidad,	 para	 el	 sangrado	 al	 sondaje	 en	 6	

localizaciones	(sensibilidad	=	25,0%;	especificidad	=	88,1%)	y	supuración	(sensibilidad	=	

14,3%;	 especificidad	 =	 91,5%).	 En	 el	 examen	 de	 seguimiento,	 se	 observó	 una	 alta	

especificidad	para	el	diagnóstico	de	la	historia	reciente	de	pérdida	ósea	>1	mm	para:	



 
 

20 

sangrado	al	sondaje	profuso	(91,9%),	profundidad	de	sondaje	≥6	mm	(81,9%),	aumento	

de	 la	profundidad	de	 sondaje	>1	mm	(95.9%)	y	aumento	de	 la	dehiscencia	de	 tejido	

blando	>1	mm	(91.5%).		La	mejor	exactitud	diagnóstica	se	alcanzó	utilizando	un	criterio	

combinado	de	aumentos	de	profundidad	de	sondaje	y	de	dehiscencia	de	tejido	blando	

>1	mm	(sensibilidad	=	82,1%;	especificidad	=	70,0%;	AUC	=	0,76).	

Conclusiones	e	implicaciones	clínicas:	El	estadio	y	grado	de	la	periodontitis,	el	hábito	

tabáquico,	 la	 duración	 del	 sueño,	 la	 localización	 del	 implante	 y	 las	 características	

restauradoras	 se	 asocian	 con	 la	 incidencia	 de	 pérdida	 ósea.	 La	 presencia	 de	

enrojecimiento	visual	en	 los	 tejidos	blandos	periimplantarios	y	 sangrado	a	a	 sondaje	

parecen	predecir	la	pérdida	ósea	periimplantaria.	Los	implantes	con	sangrado	a	sondaje	

en	6	localizaciones	o	supuración	tienen	más	probabilidades	de	presentar	pérdida	ósea	

en	 el	 tiempo.	 La	 presencia	 de	 sangrado	 profuso,	 sangrado	 en	 seis	 localizaciones,	

supuración,	profundidad	de	sondaje	profunda	y	aumento	de	la	profundidad	de	sondaje	

o	dehiscencia	de	los	tejidos	blandos	son	indicativos	de	antecedentes	de	pérdida	ósea,	

con	altos	niveles	de	especificidad.		
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II.	INTRODUCTION		

Peri-implant	 diseases	 are	 plaque-associated	 pathologies	 occurring	 around	 dental	

implants	characterized	by	clinical	signs	of	inflammation	(Monje,	Insua,	et	al.,	2018;	Salvi	

et	 al.,	 2012;	 Zitzmann	 et	 al.,	 2001)	 and	 comprise	 peri-implant	 mucositis	 and	 peri-

implantitis.	The	primary	distinction	between	the	diseases	lies	in	the	hallmark	feature	of	

bone	loss	observed	in	peri-implantitis	(Berglundh	et	al.,	2018).	

The	 2017	 World	 Workshop	 on	 the	 Classification	 of	 Periodontal	 and	 Peri-implant	

Diseases	and	Conditions	(2017	WWP)	proposed	case	definitions	of	peri-implant	health	

status,	 that	 should	 be	 incorporate	 in	 future	 epidemiologic	 studies	 (Berglundh	 et	 al.,	

2018).	The	diagnosis	of	peri-implantitis	is	established	based	on	the	presence	of	bleeding	

on	probing	(BoP)	and/or	suppuration	on	probing	(SoP),	increased	probing	depth	(PPD)	

and	 radiographic	 evidence	 of	 bone	 loss	 over	 time.	 This	 case	 definition	 implies	 the	

longitudinal	assessment	of	clinical	and	radiographic	parameters,	underlining	the	pivotal	

importance	of	 baseline	documentation	 to	 identify	 peri-implantitis	 in	 its	 early	 phases	

(Berglundh	 et	 al.,	 2018;	 Lang	 et	 al.,	 2011).	 The	 consensus	 established	 a	 precise	

clarification	 and	 distinction	 between	 direct	 and	 indirect	 evidence	 of	 peri-implantitis	

detection,	contingent	on	the	availability	of	previous	clinical	and	radiographic	data.	In	the	

absence	 of	 previous	 examinations,	 peri-implantitis	 diagnosis	 relies	 on	 specific	

thresholds	 of	 PPD	 (≥6mm)	 and	 bone	 levels	 (≥3mm),	 in	 addition	 to	 BoP	 and/or	 SoP	

(Berglundh	et	al.,	2018).	

Once	 peri-implantitis	 is	 established	 progression	 follows	 a	 non-linear	 accelerating	

pattern	of	bone	 loss,	with	an	 initial	 slower	rate	phase	that	 increases	and	accelerates	

over	 time	 (Derks	 et	 al.,	 2016b).	 Progression	 usually	 courses	 without	 symptoms	
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(Romandini,	 Lima,	 Pedrinaci,	 Araoz,	 Costanza	 Soldini,	 et	 al.,	 2021)	 and	 ultimately	

culminates	in	implant	loss	(Herrera	et	al.,	2023).	Early	diagnosis	is	therefore	crucial	for	

prompt	 implementation	 of	 therapy	 that	 involves	 a	 stepwise	 approach	 focused	 in	

attaining	disease	resolution,	defined	as	a	composite	outcome	of	shallow	PPD	(≤5	mm),	

absence	of	SoP	and	BoP	in	≤1	site	(Herrera	et	al.,	2023).		

Despite	the	implementation	of	recommended	therapy	high	recurrence	rates	have	been	

reported	(Carcuac	et	al.,	2020;	Heitz-Mayfield	et	al.,	2018;	Karlsson	et	al.,	2023)	with	

probability	of	treatment	success	inversely	related	to	the	severity	of	the	disease	(de	Waal	

et	 al.,	 2016;	 Ichioka	 et	 al.,	 2023;	 Koldsland	 et	 al.,	 2018;	 Ravida	 et	 al.,	 2022),	 further	

emphasizing	the	critical	importance	of	early	diagnosis.	

Considering	the	aforementioned	arguments,	it	is	crucial	to	enroll	patients	in	supportive	

peri-implant	 therapy	 focusing	 in	 the	 primary	 prevention	 of	 the	 disease	 (Carra	 et	 al.,	

2023;	Tonetti	et	al.,	2015).	Prevention	aims	to	achieve	and	maintain	peri-implant	tissues	

clinically	healthy,	without	signs	of	inflammation,	through	effective	self-performed	and	

professionally	 removal	 of	 supra-	 and	 subgingival	 biofilm.	 Additionally,	 regular	

assessment	 of	 clinical	 parameters	 and	 radiographic	 examination,	 when	 deemed	

necessary,	 should	 be	 performed	 to	 enable	 early	 diagnosis	 of	 peri-implant	 diseases	

(Herrera	et	al.,	2023).	

Primary	prevention	aims	on	precluding	diseases	onset	and	controlling	associated	risk	

factor.	In	the	context	of	peri-implantitis,	primary	prevention	also	includes	the	treatment	

of	 peri-implant	 mucositis	 to	 advert	 disease	 progression	 (Jepsen	 et	 al.,	 2015).	 The	

preventive	strategies	implementation	must	be	tailored	to	the	individual	risk	profile	and	

targeting	modifiable	risk	factors	(Carra	et	al.,	2023).	
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2.1	PREVALENCE	OF	PERI-IMPLANTITIS	

Peri-implant	 diseases	 are	 a	 frequent	 clinical	 finding	 described	 across	 different	

populations	and	clinical	settings	(Dalago	et	al.,	2017;	Derks	et	al.,	2016a;	Ogata	et	al.,	

2017;	Rodrigo	et	al.,	2018;	Vignoletti	et	al.,	2019).		

The	 heterogeneous	 sample	 size,	 function	 time	 and	 case	 definitions	 among	 cross-

sectional	studies	have	a	direct	impact	on	the	reported	prevalence	of	peri-implantitis.	In	

fact,	the	bone	level	thresholds	used	in	case	definitions	varied	from	unspecified	to	5mm,	

consequently	patient-level	prevalence	ranged	from	8.9	%	to	47%	(Derks	&	Tomasi,	2015;	

Ferreira	et	al.,	2006;	Koldsland	et	al.,	2011).			

Nevertheless,	 the	weighted	mean	prevalence	of	peri-implantitis	 across	meta-analysis	

reached	21.7%	at	patient-level		(Derks	&	Tomasi,	2015)	and	ranged	from	9.4%	(Lee	et	

al.,	2017)	to	12.8%	(Rakic	et	al.,	2018)	at	implant-level.		

Although	the	majority	of	cross-sectional	studies	that	evaluated	the	prevalence	of	peri-

implantitis	have	used	convenience	samples,	it	is	recognized	that	the	extrapolation	of	the	

results	to	the	population	demands	a	randomized	sample	selection	(Derks	and	Tomasi,	

2015).		

Derks	 et	 al.,	 (2016a)	 cross-sectional	 study	 was	 based	 on	 a	 randomized	 Swedish	

population	of	588	patients,	that	received	dental	implants	9	years	before,	and	reported	

a	 prevalence	 of	 moderate/severe	 peri-implantitis	 (defined	 as	 presence	 of	 BoP/	

/suppuration	and	bone	loss	>2	mm)	in	14,5%	of	subjects.		

In	Spain,	among	convenience	samples	of	patients	undergoing	maintenance	therapy,	the	

prevalence	of	peri-implantitis	was	 reported	 to	 range	 from	10.3%	to	16.3%	at	patient	

level	(Aguirre-Zorzano	et	al.,	2015;	Canullo,	Penarrocha-Oltra,	et	al.,	2016;	Mir-Mari	et	

al.,	2012).	
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More	 recent	 studies	 have	 found	 an	 even	 higher	 prevalence	 (Rodrigo	 et	 al.,	 2018;	

Romandini,	 Lima,	 Pedrinaci,	 Araoz,	 Soldini,	 et	 al.,	 2021).	 In	 a	 study	 involving	 private	

settings	across	Spain,	49	sentinel	dentists	evaluated	275	patients	and	474	implants.	Peri-

implantitis	(bone	level	≥	2mm	and	BoP)	was	diagnosed	in	24%	of	the	patients	and	20%	

of	 the	 implants	 and	 clinically	 associated	 to	 the	 presence	 of	 plaque,	 swelling	 and	

suppuration	(Rodrigo	et	al.,	2018).	

	

2.2	INCIDENCE	OF	PERI-IMPLANTITIS		

The	onset	 of	 peri-implantitis	 has	 been	 reported	 to	 occur	 early	 (Derks	 et	 al.,	 2016b).	

Fransson	et	al.	identified	early	bone	loss	≥	1	mm	in	68%	of	the	implants,	at	1	year	after	

loading.	Aditionally,	bone	loss	≥2	mm	and	≥3	mm	occurred,	respectively,	in	32%	and	10%	

of	the	419	evaluated	implants	(Fransson	et	al.,	2010).	Moreover,	baseline	bone	levels	

appear	to	predict	subsequent	changes	in	bone	levels	(Trombelli	et	al.,	2024).	In	fact,	a	

bone	loss	≥	0.5 mm	during	the	first	year	of	function	was	related	to	a	higher	risk	(5.43	

higher	odds)	of	peri-implantitis	onset	(Windael	et	al.,	2021).		

A	 retrospective	 study	 evaluated	 105	 implants	 (53	 patients)	 diagnosed	 with	

moderate/severe	peri-implantitis	(BoP/suppuration	and	>2	mm	of	bone	loss)	at	the	9-

year	 examination.	 The	 analysis	 indicated	 an	 estimated	 bone	 loss	 >1	 mm	 in	 47%	 of	

implants	at	3	years	and	in	73%	at	5	years	of	function.	Bone	loss	>3	mm	occurred	in	51%	

of	implants.	The	mean	bone	loss	at	the	9-year	examination	was	3.5	±1.5	mm,	amounting	

to	an	annual	rate	of	0.4mm	(Derks	et	al.,	2016b).		

The	reported	incidence	of	peri-implantitis	varies	widely,	ranging	from	0.4%	at	3	years	to	

31.2%	at	5	years	(Costa	et	al.,	2012;	Dreyer	et	al.,	2018;	Zetterqvist	et	al.,	2010).		

There	is	a	lack	of	prospective	studies	evaluating	onset	and	natural	progression	of	peri-
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implantitis	 due	 to	 ethical	 constrains.	 Nevertheless,	 a	 few	 prospective	 cohort	 studies	

report	 peri-implantitis	 incidence,	 albeit	 employing	 heterogeneous	 definitions	 of	 the	

disease	and	follow-up	periods.			

Some	 longitudinal	studies	defined	peri-implantitis	based	on	the	presence	of	BoP	and	

PPD	thresholds,	without	specifying	a	bone	loss	limit.		

A	prospective	cohort	study	followed	89	patients	(179	implants)	over	a	mean	of	10-years	

(8-12	years).	Peri-implantitis,	defined	as	PPD	≥	5	mm,	BoP	and/or	SoP	accompanied	by	

bone	loss,	was	observed	in	15.4%	of	implants	(Karoussis,	Bragger,	et	al.,	2004;	Karoussis,	

Muller,	et	al.,	2004).	Using	the	same	case	definition	and	similar	sample	size	(80	patients)	

a	 higher	 incidence	 (31.2%)	 was	 reported	 at	 5-years	 in	 implants	 with	 peri-implant	

mucositis	 at	 baseline	 (Costa	 et	 al.,	 2012).	 	 Also,	 a	 study	 employing	 a	 different	 PPD	

threshold	 (≥4mm)	 in	 case	 definition	 observed	 an	 even	 lower	 incidence	 of	 peri-

implantitis	(5.8%)	over	5-years.	This	outcome	may	be	also	due	to	the	small	sample	size	

(22	 patients)	 and	 	 the	 exclusion	 of	 non-compliant	 patients	 with	 supportive	 therapy	

(Rodrigo	et	al.,	2012).	

Other	studies,	however,	used	a	bone	loss	threshold	for	peri-implantitis	case	definition.		

For	bone	loss	>	1	mm,	along	with	BoP/SoP,	onset	of	peri-implantitis	was	identified	in	

9.2%	of	1.420	implants	at	10	years	(Mameno	et	al.,	2019).		

A	similar	finding	was	reported	for	116	edentulous	patients	rehabilitated	with	maxillary	

overdentures.	 For	 a	 bone	 loss	 threshold	 ≥	 2	 mm,	 implant-level	 incidence	 of	 peri-

implantitis	was	3.2%	and	8.5%,	at	5-	and	10-years,	respectively	(Onclin	et	al.,	2022).		

For	peri-implantitis	definition	based	on	bone	 loss	>	5mm,	PPD	≥	5	mm	and	BoP/SoP,	

incidence	of	peri-implantitis	was	observed	in	0.4%	of	implants,	at	3-years	(Zetterqvist	et	
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al.,	2010).	The	residual	onset	of	peri-implantitis	in	this	study	may	be	attributed	to	the	

shorter	follow-up	period	and	higher	bone	loss	threshold.		

Although	some	studies	have	reported	data	on	the	incidence	of	peri-implantitis	within	a	

longitudinal	framework,	the	majority	relied	on	convenience	samples,	specific	baseline	

diagnosis	 (e.g.,	 peri-implant	 mucositis)	 (Costa	 et	 al.,	 2012)	 or	 targeted	 particular	

populations	 (e.g.,	periodontal	patients)	 (Roccuzzo	et	al.,	2023;	Roccuzzo	et	al.,	2010;	

Swierkot	et	al.,	2012).	

	

2.3	RISK	INDICATORS	/	RISK	FACTORS	

Several	patient-related	risk	factors	/	indicators	for	peri-implantitis	have	been	advocated	

as	strong	evidence,	such	as	periodontitis	history	(Roccuzzo	et	al.,	2022;	Roos-Jansaker,	

Renvert,	 et	 al.,	 2006),	 inadequate	 plaque	 removal	 and	 lack	 of	 compliance	 with	

supportive	peri-implant	therapy	(Costa	et	al.,	2012;	de	Araujo	Nobre	et	al.,	2015),	while	

smoking	(Canullo,	Penarrocha-Oltra,	et	al.,	2016;	Derks	et	al.,	2016a;	Rinke	et	al.,	2011)	

and	diabetes	(Dalago	et	al.,	2017;	Ferreira	et	al.,	2006;	Monje,	Catena,	et	al.,	2017;	Tawil	

et	 al.,	 2008)	 still	 have	 contradictory	 findings.	 Also,	 peri-implantitis	 risk	 has	 been	

associated	 to	 the	 implant-supported	 rehabilitation,	 such	 as	 restoration	 design	

(Katafuchi	et	al.,	2018;	Serino	&	Strom,	2009)	and	full-arch	rehabilitations	(Rodrigo	et	

al.,	2018).	

The	 majority	 of	 studies	 on	 this	 topic	 employ,	 however,	 a	 cross-sectional	 design.	

Nevertheless,	the	identification	of	true	risk	factors	requires	longitudinal	evaluations	to	

establish	and	validate	the	causal	effect	(Schwarz	et	al.,	2018).	
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2.3.1	Plaque		

Animal	studies	confirmed	plaque	accumulation	as	the	etiologic	 factor	of	peri-implant	

mucositis	 (Salvi	et	al.,	2012).	Similarly,	 the	onset	of	peri-implantitis	was	confirmed	 in	

animal	studies	using	the	"ligature	model",	validating	that	its	spontaneous	progression	is	

associated	 with	 clinical	 and	 histologic	 signs	 of	 inflammation	 and	 tissue	 destruction	

(Albouy	et	al.,	2009).		

Therefore,	 peri-implantitis	was	 defined	 by	 consensus	 as	 a	 plaque	 associated	 disease	

occurring	in	peri-implant	tissues	(Berglundh	et	al.,	2018).			

This	evidence	also	emerged	in	cross-sectional	studies	confirming	the	presence	of	plaque	

as	a	risk	indicator	for	peri-implantitis	(de	Araujo	Nobre	et	al.,	2015;	Ferreira	et	al.,	2006;	

Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	2021).	Plaque	indexes	employed	varied	

among	studies	and	comprised	either	full-mouth	plaque	(Aguirre-Zorzano	et	al.,	2015;	

Canullo,	Penarrocha-Oltra,	et	al.,	2016;	Ferreira	et	al.,	2006;	Schwarz	et	al.,	2017)	or	

implant	level	assessments	(Rokn	et	al.,	2017).			

In	a	study	conducted	 in	212	patients,	at	a	mean	period	of	3.5	years,	the	OR	for	peri-

implantitis	was	3.8	in	patients	with	poor	plaque	control	(mPI	1.3)	and	14.3	in	patients	

with	 very	 poor	 plaque	 control	 (mPI	 2.5),	 evaluated	 by	 the	 modified	 plaque	 index	

(Mombelli,	1987)	(Ferreira	et	al.,	2006).		 

A	 full	 mouth	 plaque	 index	 ≥25%	 (versus	 <25%)	 was	 associated	 with	 double	 the	

prevalence	of	peri-implantitis	(23%	versus	12%)	(Aguirre-Zorzano	et	al.,	2015).	Likewise,	

for	plaque	scores	exceeding	30%,	the	OR	for	peri-implantitis	ranged	from	7.8	to	9.3,	at	

a	mean	follow-up	of	5.1	and	2.2	years,	respectively	(Canullo,	Penarrocha-Oltra,	et	al.,	
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2016;	Schwarz	et	al.,	2017).	

Nevertheless,	the	cross-sectional	design	does	not	allow	to	verify	the	temporality	of	the	

association,	 limiting	 the	 confirmation	 of	 patient	 efficacy	 in	 maintaining	 long-term	

plaque	control.	This	fact	may	explain	why	other	studies	failed	to	support	plaque	as	risk	

indicator	for	peri-implantitis	(Marrone	et	al.,	2013).	

A	 longitudinal	 study	 also	 corroborated	 that	 plaque	 scores	 >20%	 were	 found	 to	

significantly	increase	the	risk	for	peri-implantitis	(HR=2.61)	(Mameno	et	al.,	2019).	

	

2.3.2	PERIODONTITIS	

The	association	between	history	of	periodontitis	and	peri-implantitis	has	been	described	

in	both	cross-sectional	and	prospective	studies	of	convenience	samples	(Daubert	et	al.,	

2015;	Koldsland	et	al.,	2011;	Renvert	et	al.,	2014;	Roccuzzo	et	al.,	2022;	Swierkot	et	al.,	

2012),	being	acknowledge	as	strong	evidence	(Carra	et	al.,	2022;	Dreyer	et	al.,	2018;	

Schwarz	et	al.,	2018;	Serroni	et	al.,	2024).	

Roos-Jansaker	et	al.	evaluated	216	patients	at	9	 to	14	years	 follow-up	and	 identified	

history	 of	 periodontitis	 as	 a	 significant	 predictor	 for	 peri-implantitis	 (OR	 4.7)	 (Roos-

Jansaker,	Renvert,	et	al.,	2006).	Also,	a	cross-sectional	study	with	similar	mean	follow-

up	 (10.9	 years)	 examined	 96	 patients,	 with	 225	 implants,	 confirming	 severe	

periodontitis	as	a	risk	indicator	for	peri-implantitis	(RR	=	7.3)	(Daubert	et	al.,	2015).		

Moreover,	residual	PPD	≥	5mm	in	periodontal	patients	are	associated	with	an	increased	

prevalence	 of	 peri-implant	 bone	 loss	 and	 deeper	 probing	 depths	 (Lee	 et	 al.,	 2017;	

Pjetursson	et	al.,	2012).	A	prospective	study	with	a	follow-up	of	1	to	5	years	validated	

this	finding.	The	incidence	of	peri-implantitis	was	significantly	associated	to	PPD	≥	6mm	
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at	time	of	implant	surgery	(OR	3.62)	in	a	cohort	of	100	patients		with	severe	periodontitis	

(Zhang	et	al.,	2018).	

While	 most	 studies	 underline	 an	 increased	 risk	 of	 peri-implantitis	 in	 periodontal	

patients,	 some	 cross-sectional	 studies	 have	 not	 confirmed	 the	 association	 (Canullo,	

Penarrocha-Oltra,	et	al.,	2016;	Dvorak	et	al.,	2011;	Rokn	et	al.,	2017).		

Marrone	et	al.	evaluated	103	patients	at	a	mean	of	8.5	years	and	found	that	patients	

with	 active	 periodontitis	 were	 at	 higher	 risk	 for	 peri-implantitis,	 however	 without	

reaching	statistical	significance	(Marrone	et	al.,	2013).	Likewise,	periodontitis	did	not	

emerge	as	peri-implantitis	risk	indicator	in	1507	implants	(534	patients)	for	a	mean	of	

5.1	years	of	follow-up	(Canullo,	Penarrocha-Oltra,	et	al.,	2016).		

Discrepancies	 in	 the	 definition	 of	 both	 diseases,	 periodontitis	 severity,	 along	 with	

variations	 in	 follow-up	 durations	 and	 the	 possible	 influence	 of	 confounders,	 such	 as	

smoking	habits,	main	explain	the	conflicting	results	(Serroni	et	al.,	2024).		

Prospective	 studies	 (Degidi	 et	 al.,	 2016;	 Gatti	 et	 al.,	 2008;	 Karoussis	 et	 al.,	 2003;	

Roccuzzo	et	al.,	2022;	Swierkot	et	al.,	2012)	also	corroborate	that	periodontal	patients	

present	an	overall	significantly	higher	incidence	of	peri-implantitis	(RR=4.09)	and	greater	

mean	marginal	bone	loss	(weighted	mean	difference	of	0.75mm)	(Serroni	et	al.,	2024).	

Actually,	 periodontal	 patients	 are	 at	 higher	 risk	 for	 peri-implant	 bone	 loss	 ≥	 2mm	

(Trombelli	et	al.,	2024).	A	10-year	study,	enrolling	101	patients,	confirmed	that	bone	

loss	≥	3mm	was	more	frequent	among	patients	with	a	history	of	severe	periodontitis	

(15.1%)	compared	to	periodontal	healthy	patients	(4.7%)	(Roccuzzo	et	al.,	2010).		

However,	 incidence	of	peri-implantitis	 in	patients	with	history	of	periodontitis	varied	

according	to	follow-up	period	and	case	definition.	

In	studies	with	follow-up	over	10	years	and	grade	C	periodontitis	the	strength	of	the	
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association	appears	notably	higher	(Annunziata	et	al.,	2024;	Serroni	et	al.,	2024).		

Karoussis	et	al.	followed	for	10	years	112	implants	placed	in	53	patients.	Peri-implantitis	

definition	was	based	on	bone	loss	>2mm	(annual	mean	of	0.2	mm)	and	PPD	≥5	mm	with	

BoP.	Patients	with	periodontitis	history	presented	higher	incidence	of	peri-implantitis	at	

implant-level	 (38.1%)	 compared	 to	 non-periodontitis	 patients	 (5.5%)	 at	 10	 years	

(Karoussis	et	al.,	2003).	A	study	using	a	similar	definition	(bone	loss	>2mm,	PPD	≥6	mm,	

BoP),	but	with	a	shorter	follow-up	(5-years),	reported	a	 lower	incidence	(0%	for	non-

periodontal	patients	and	18.7%	for	periodontal	patients)	(Gatti	et	al.,	2008).	

Briefly,	 in	 studies	up	 to	10-years	 incidence	 ranged	 from	18.7%	at	 5	 years	 (bone	 loss	

>2mm	&	PPD	≥6	mm)	(Gatti	et	al.,	2008)	to	26.3%	at	a	mean	of	8.3	years	(annual	bone	

loss>0.2mm	&	PPD≥6mm)	(Swierkot	et	al.,	2012).	Studies	with	follow-ups	over	10	years	

reported	a	incidence	between	24%	(unspecified	bone	loss	threshold)	(Degidi	et	al.,	2016)	

to	38%	(bone	loss	>2mm	&	PPD	≥5	mm)	(Karoussis	et	al.,	2003).	At	20	years,	using	a	bone	

loss	threshold	>3mm	combined	with	PD>6mm,	the	incidence	rate	was	33%	(Roccuzzo	et	

al.,	2022).		

Despite	following	a	regular	supportive	therapy,	patients	with	history	of	periodontitis	still	

exhibit	higher	incidence	of	peri-implantitis,	in	comparison	to	non-periodontal	patients.		

The	 supportive	 therapy	 intervals	 in	 the	 previous	 mentioned	 studies	 varied,	 every	 3	

months	(Swierkot	et	al.,	2012),	every	3	to	6	months	(Gatti	et	al.,	2008;	Karoussis	et	al.,	

2003),	every	6	months	(Degidi	et	al.,	2016)	to	individual	tailored	intervals	(Roccuzzo	et	

al.,	2022).	

These	 findings	 underline	 the	 pivotal	 importance	 of	 treating	 periodontitis	 prior	 to	

implant	placement,	through	a	comprehensive	stepwise	periodontal	therapy	(Herrera	et	

al.,	2022;	Sanz,	Herrera,	et	al.,	2020).	Furthermore,	it	is	essential	to	integrate	periodontal	



 
 

32 

patients	 into	 more	 stringent	 supportive	 peri-implant	 care	 with	 a	 stricter	 focus	 on	

primary	prevention	of	peri-implantitis	(Heitz-Mayfield	et	al.,	2020;	Herrera	et	al.,	2023).	

2.3.3	SMOKING	

Cross-sectional	studies	report	inconsistent	findings	regarding	smoking	as	a	risk	indicator	

for	peri-implantitis.	While	some	studies	outlined	a	2.7	to	31-fold	increased	likelihood	of	

peri-implantitis	 in	 smokers	 (Rinke	 et	 al.,	 2011;	 Roos-Jansaker,	 Lindahl,	 et	 al.,	 2006;	

Schwarz	et	al.,	2017),	others	did	not	corroborate	the	association	(Dvorak	et	al.,	2011;	

Koldsland	et	al.,	2011).	

In	 longitudinal	studies,	smokers	exhibited	greater	bone	 loss	 (Karoussis,	Muller,	et	al.,	

2004;	 Sanchez-Siles	 et	 al.,	 2015).	 Also,	 studies	 with	 longer	 follow-ups	 (>	 10	 years)	

consistently	identified	an	increase	incidence	of	peri-implantitis	in	smokers	(Karoussis	et	

al.,	 2003;	 Sanchez-Siles	 et	 al.,	 2015;	 Windael	 et	 al.,	 2021).	 These	 findings	 remain	

significant	even	among	smokers	of	less	than	10	cigarettes	per	day	(Sanchez-Siles	et	al.,	

2015;	Velasco-Ortega	et	al.,	2021).	

A	prospective	study	observed	a	17.9%	incidence	of	peri-implantitis	in	smokers	and	6.0%	

in	non-smokers	(Karoussis	et	al.,	2003).		A	similar	trend	was	confirmed	in	a	retrospective	

study,	 including	 132	 patients	 with	 555	 implants,	 that	 disclosed	 a	 threefold	 higher	

incidence	in	peri-implantitis	in	smokers	(>1	cigarette	per	day)	(72.7%	vs	27.3%	in	non-

smokers)	(Astolfi	et	al.,	2022).		

In	summary,	a	statistically	significant	association	between	smoking	and	peri-implantitis	

is	disclosed	in	the	meta-analysis	of	both	cross	sectional	(OR	1.7,	95%	CI	1.25-	2.3)	(Dreyer	

et	 al.,	 2018)	 and	 prospective	 studies,	 at	 implant-	 (RR:	 2.04,	 95%	 CI:	 1.46–2.85)	 and	

patient-level	(RR:	2.08,	95%	CI:	1.17–3.71)	(Reis	et	al.,	2023).	
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The	conflicting	results	across	studies,	regarding	smoking	as	risk	factor/indicator	for	peri-

implantitis,	 may	 stem	 in	 the	 heterogeneous	 criteria	 in	 smokers	 and	 non-smokers	

categorizations,	in	addition	to	the	variability	in	the	reported	smoking	dosage	(Reis	et	al.,	

2023;	Schwarz	et	al.,	2018).	

The	findings	may	also	be	partially	explained	by	discrepancies	 in	 follow-up	periods.	 In	

fact,	 most	 cross-sectional	 studies	 reporting	 an	 increased	 risk	 of	 peri-implantitis	 had	

longer	 follow	 ups	 (e.g.,	 exceeding	 10	 years)	 (Karoussis	 et	 al.,	 2003;	 Roos-Jansaker,	

Lindahl,	 et	 al.,	 2006).	 Conversely,	 those	 studies	 that	 did	 not	 identify	 an	 association	

evaluated	 patients	 up	 to	 6	 years	 (Aguirre-Zorzano	 et	 al.,	 2015;	 Canullo,	 Penarrocha-

Oltra,	et	al.,	2016;	Casado	et	al.,	2013;	Maximo	et	al.,	2008;	Rokn	et	al.,	2017).	

Moreover,	 after	 adjustment	 for	 confounders,	 smoking	 was	 not	 identified	 as	 a	 risk	

indicator	in	the	multiple	regression	analyses	of	several	studies,	(de	Araujo	Nobre	et	al.,	

2015;	Derks	et	al.,	2016a;	Renvert	et	al.,	2014;	Swierkot	et	al.,	2012).	A	masking	effect	

from	other	patient-level	indicators,	such	as	periodontitis,	has	been	suggested	(Schwarz	

et	al.,	2018).	

Interestingly,	 the	combination	of	 risk	 factors	may	result	 in	a	 further	elevated	risk	 for	

peri-implantitis	 onset	 (Annunziata	 et	 al.,	 2024).	 The	 combination	 of	 smoking,	

periodontal	history	and	early	bone	loss	of	>0.5 mm	increased	52%	the	probability	for	

peri-implantitis	onset	(Windael	et	al.,	2021).	This	cumulative	effect	was	also	addressed	

in	 other	 longitudinal	 studies,	 confirming	 that	 smokers	 with	 history	 of	 periodontitis	

present	 higher	 incidence	 of	 peri-implantitis	 than	 non-smoking	 periodontitis	 patients	

(Karoussis	et	al.,	2003;	Swierkot	et	al.,	2012).	

	



 
 

34 

2.3.4	LACK	OF	COMPLIANCE	WITH	SUPPORTIVE	PERI-IMPLANT	THERAPY	

The	 protective	 role	 of	 supportive	 peri-implant	 therapy	 is	 pivotal	 addressing	 both	

primary	prevention,	focusing	on	precluding	disease	onset,	and	secondary	prevention,	

aiming	 on	 reducing	 the	 risk	 of	 disease	 recurrence.	 In	 either	 level	 of	 prevention,	 the	

protective	 role	 of	 supportive	 peri-implant	 therapy	 transcends	 the	mere	 professional	

supra-	and	sub-mucosal	instrumentations.	Indeed,	it	serves	as	a	crucial	opportunity	for	

the	 reinforcement	 and	 control	 of	 systemic	 and	 local	 risk	 factors	 (Carra	 et	 al.,	 2023;	

Stiesch	et	al.,	2023).	

Cross-sectional	 and	 prospective	 studies	 exhibit	 considerable	 heterogeneity	 in	 the	

protocols	 of	 supportive	 peri-implant	 therapy	 and	 the	 intervals	 between	 visit.	

Nevertheless,	compliance	has	been	associated	to	increased	survival	rates	and	lower	risk	

of	peri-implant	diseases	(Carra	et	al.,	2023;	Lin	et	al.,	2019;	Monje	et	al.,	2016).		

A	cross-sectional	study	conducted	in	Spain	reported	peri-implantitis	prevalence	of	25%	

among	patients	not	enrolled	in	regular	supportive	therapy,	in	contrast	to	a	prevalence	

of	16%	among	regular	compliers	(Rodrigo	et	al.,	2018).		

This	finding	was	confirmed	in	Dreyer	et	al.	(2018)	systematic	review,	reporting	a	double	

prevalence	 of	 peri-implantitis	 among	 non–compliers	 (18.8%	 vs	 9.0%)	 (Dreyer	 et	 al.,	

2018).			

In	 addition	 to	 the	 higher	 risk	 for	 peri-implantitis,	 inconsistence	 adherence	 with	

supportive	 peri-implant	 therapy	 conferred	 a	 3.8-fold	 increase	 in	 the	 likelihood	 of	

implant	failure	(Carra	et	al.,	2023).	

The	 protective	 effect	 of	 compliance	 with	 supportive	 therapy	 is	 highlighted	 in	 a	

longitudinal	study	that	followed	for	5-years	80	patients	with	peri-implant	mucositis	at	

baseline.	 The	 subgroup	 analysis	 revealed	 a	 significantly	 higher	 incidence	 of	 peri-
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implantitis	 (43.9%)	 in	 patients	 not	 enrolled	 in	 a	maintenance	program,	 compared	 to	

those	who	attended	at	least	five	visits	during	follow-up	(18%	of	peri-implantitis	cases)	

(Costa	et	al.,	2012).		

Regarding	 the	 annual	 visit	 frequency,	 one	 visit	 per	 year	 may	 not	 be	 sufficient	 to	

effectively	prevent	peri-implantitis	(Marrone	et	al.,	2013).	Actually,	a	supportive	peri-

implant	therapy	comprising	more	than	2	visits	per	year	was	found	to	be	a	protective	

indicator	(OR=0.13),	as	patients	had	86%	fewer	cases	of	disease	(Monje,	Wang,	et	al.,	

2017).	The	same	tendency	was	confirmed	in	supportive	therapy	intervals	every	three	to	

six	months	(Aguirre-Zorzano	et	al.,	2015;	Rinke	et	al.,	2011).	

Although	a	5-6	months	interval	has	been	previously	recommended	(Monje	et	al.,	2016),	

peri-implant	supportive	therapy	visits	intervals	should	be	tailor	to	the	individual´s	risk	

profile	(Heitz-Mayfield	et	al.,	2020)	and	to	the	suitable	level	of	prevention,	and	therefore	

may	be	adjusted	to	3-4	months	recalls	(Herrera	et	al.,	2023).	

2.3.5	RESTORATIVE-RELATED	FACTORS	

An	implant-supported	restoration	convex	profile,	wide	emergence	angle	(Corbella	et	al.,	

2023;	Katafuchi	et	al.,	2018;	Serino	&	Hultin,	2019;	Yi	et	al.,	2020),	and	the	position	of	

the	implant	supported	rehabilitation	to	bone	crest	(Derks	et	al.,	2016a)	were	found	to	

be	associated	to	peri-implantitis	occurrence.	

Restorative	 design	 related	 factors	 that	 hamper	 accessibility	 for	 self-performed	 oral	

hygiene	methods	are	related	to	an	increase	risk	of	peri-implantitis	(Pons	et	al.,	2021;	

Rodrigo	 et	 al.,	 2018;	 Serino	&	 Strom,	 2009).	 Serino	&	 Strom	 (2009)	 identified	 those	

circumstances	in	48%	of	implants	diagnosed	with	peri-implantitis,	compared	to	only	4%	

prevalence	in	implants	with	adequate	accessibility.			
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In	 fact,	 clinical	 studies	 demonstrated	 a	 tendency	 of	 reduced	 bone	 loss	 in	 implant	

supported	restorations	featuring	shallow	emergence	angles	(Inoue	et	al.,	2020;	Strauss	

et	 al.,	 2022).	 Conversely,	 emergence	 angle	 >30º	were	 associated	 to	 fourfold	 greater	

bone	loss	(Majzoub	et	al.,	2021).	

In	 addition	 to	 a	 compromised	 access	 to	 self-performed	 oral	 hygiene,	 animal	 studies	

disclosed	histological	differences	in	the	supracrestal	tissues	according	to	the	abutment	

angle.	Specifically,	the	use	of	abutment	angles	of	60˚	and	80˚	was	associated	to	a	closer	

proximity	of	the	inflammatory	infiltrate	to	the	bone	and	a	compromised	formation	and	

integrity	of	the	junctional	epithelium	(Strauss	et	al.,	2024).	These	findings	may	provide	

a	biological	rationale	for	the	greater	bone	loss	observed	in	implants	with	restorations	

featuring	wider	angles	and	a	convex	profile.		

Consequently,	peri-implantitis	prevalence	was	found	significantly	higher,	ranging	from	

two	to	five	times	higher,	under	the	aforementioned	restorative	conditions	(Katafuchi	et	

al.,	2018;	Yi	et	al.,	2020).	

In	 the	 same	 context,	 a	 restorative	 design	 that	 allows	 access	 for	 oral	 hygiene	 and,	 if	

deemed	necessary,	 the	modification	of	 the	contour	of	 the	prostheses,	has	a	positive	

impact	 on	 treatment	 outcomes	 of	 peri-implant	 diseases	 (Carrillo	 de	 Albornoz	 et	 al.,	

2024;	de	Tapia	et	al.,	2022;	de	Tapia	et	al.,	2019).	

	

2.4	DIAGNOSIS	OF	PERI-IMPLANTITIS	

The	diagnosis	of	peri-implantitis	is	primarily	defined	through	longitudinal	evaluations	of	

clinical	parameters	and	radiographic	examinations	(“direct	evidence”).		

Nevertheless,	 in	 the	absence	of	previous	examinations	 the	diagnosis	 is	based	on	 the	

one-time	 assessment	 (“indirect	 evidence”).	 The	 VIII	 European	 Workshop	 on	
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Periodontology	 underlined	 the	 importance	 of	 prioritizing	 diagnostic	 specificity	 over	

sensitivity	 for	 purposes	 of	 timely	 therapeutic	 intervention.	 Therefore,	 a	 bone	 level	

threshold	 of	 2	mm,	 beyond	 the	 expected	 initial	 bone	 remodeling,	was	 proposed,	 in	

addition	to	BoP	/SoP	(Sanz	et	al.,	2012).	This	recommendation	of	peri-implantitis	case	

definition	was	recently	apprised	at	the	2017	WWP,	establishing	the	combination	of	PPD	

≥6	mm,	bone	level	threshold	≥	3mm,	together	with	BoP/SoP	(Berglundh	et	al.,	2018).	

The	2017	WWP	secondary	case	definition	(BoP/SoP	at	≥1	site,	bone	levels	≥3	mm,	and	

PPD	 ≥6	 mm)	 demonstrated	 high	 specificity	 (99.3%),	 however	 was	 less	 sensitive	 in	

identifying	moderate	to	severe	peri-implantitis	cases	(BoP	/	SoP	and	bone	loss	>	2mm).	

In	 these	clinical	 scenarios,	 the	most	accurate	case	definition	was	 the	combination	of	

BoP/SoP	with	bone	loss	≥2	mm	(Romandini,	Berglundh,	et	al.,	2021).		

2.4.1	DIAGNOSTIC	ACCURACY	OF	CLINICAL	PARAMETERS	

PROBING	POCKET	DEPTH	

PPD	is	recognized	as	a	diagnostic	tool	for	monitoring	the	health	status	of	implants	and	

is	 recommended	 for	 routine	 examinations.	 Moreover,	 probing	 does	 not	 have	 a	

detrimental	 effect	 on	 peri-implant	 soft	 tissues,	 as	 reestablishment	 of	 the	 junctional	

epithelium	is	expected	to	occur	within	5	days	(Etter	et	al.,	2002).	

Longitudinal	changes	 in	PPD	or	PPD	≥	6mm	at	a	single	assessment,	 in	the	absence	of	

previous	data,	are	part	of	the	criterion	for	peri-implantitis	diagnosis	(Berglundh	et	al.,	

2018).	

Experimental	studies	 in	animals	demonstrated	anatomical	differences	between	teeth	

and	implants,	revealing	that	probe	penetration	is	deeper	at	implant	sites	compared	to	

teeth.	Probing	implants	with	peri-implant	health,	with	a	probing	force	of	0.5N,	resulted	
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in	deeper	probe	penetration	(1.3	mm	apical	to	the	junctional	epithelium)	compared	to	

teeth	 (0.2	 mm	 coronal	 to	 junctional	 epithelium).	 Consequently,	 the	 probe	 tip	 was	

located	closer	to	the	bone	margin	at	implant	sites	(0.2	mm	at	implants	sites	versus	1.2	

mm	at	teeth)	(Ericsson	&	Lindhe,	1993).	The	tendency	for	deeper	probing	in	implants	

was	 also	 found	 at	 peri-implant	mucositis	 cases	 compared	 to	 gingivitis	 (Schou	 et	 al.,	

2002).	

Probing	 diagnostic	 value	 in	 discerning	 peri-implant	 health	 status	 was	 implied	 in	

histologic	 studies	 in	 animals	 that	 found	 deeper	 probing	 depths	 (3.8mm)	 in	 peri-

implantitis	sites	compared	to	peri-implant	health	(2.1mm)	and	peri-implant	mucositis	

(1.8mm).	The	probe	 tip	was	 located	at	 the	base	of	 the	 junctional	epithelium	at	peri-

implant	 health	 and	 peri-implant	 mucositis,	 while	 at	 peri-implantitis	 sites	 the	 probe	

penetrated	0,5mm	into	the	connective	tissue	(Lang	et	al.,	1994).	Accordantly,	animal	

studies	indicate	PPD	as	a	diagnostic	tool,	as	experimental	ligature-induced	peri-implant	

bone	loss	is	accompanied	by	increased	probing	depths	together	with	BoP	(Monje,	Insua,	

et	al.,	2018).		

Higher	 PPD	 in	 peri-implantitis	 cases	 were	 also	 confirmed	 in	 clinical	 studies	 (Monje,	

Caballe-Serrano,	et	al.,	2018;	Ramanauskaite	et	al.,	2018;	Rodrigo	et	al.,	2018;	Schwarz	

et	al.,	2017).		

A	case-control	study	compared	clinical	parameters	to	determine	its	diagnostic	accuracy	

in	peri-implant	health,	peri-implant	mucositis	and	peri-implantitis,	in	1,572	peri-implant	

sites	 (262	 implants).	 Peri-implantitis	 sites	 displayed	 deeper	 PPD	 (4.58	 ±	 1.71	 mm)	

compared	to	peri-implant	health	(2.63	±	1.21	mm).	The	probability	of	a	peri-implantitis	

diagnosis	increases	with	each	1mm	of	increased	PPD	in	respect	to	peri-implant	health	

(OR=2.43)	 and	 to	 peri-implant	 mucositis	 (OR=1.76)	 (Monje,	 Caballe-Serrano,	 et	 al.,	
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2018).	

Likewise,	Ramanauskaite	et	al,	evaluated	269	implants	with	peri-implant	healthy	(N=77),	

peri-implant	mucositis	(N=77)	and	peri-implantitis	(N=115)	and	confirmed	significantly	

differences	in	PPD	between	peri-implant	health	diagnosis.	At	 implant-level,	the	mean	

PPD	in	peri-implantitis	was	4.91	mm	(3.17	-	9.0	mm),	while	in	peri-implant	mucositis	was	

found	to	be	3.10	mm	(3.17	-	4.67	mm),	and	in	peri-implant	healthy	2.95	mm	(1.0	-	4.33	

mm)	(Ramanauskaite	et	al.,	2018).	

The	frequency	of	PPD	of	4-6mm	was	significantly	higher	in	implants	with	peri-implant	

diseases	(Schwarz	et	al.,	2017),	while	other	study	only	found	PPD	≥6	mm	associated	to	

peri-implantitis	cases	(Ramanauskaite	et	al.,	2018).		

Nevertheless,	deep	probing	demonstrated	a	high	specificity	(PPD	≥6	mm:	88.0%;	PPD	≥7	

mm:	96.2%)	and	a	low	sensitivity	(PPD	≥6	mm:	58.6%;	PPD	≥7	mm:	39.1%)	to	identify	

peri-implantitis	cases	with	bone	loss>2mm	(Romandini,	Berglundh,	et	al.,	2021).		

Although	probing	depth	holds	significant	clinical	value	for	monitoring	 implant	health,	

and	 the	 relevance	 in	 its	 longitudinally	 assessment	 for	 peri-implantitis	 diagnosis	

(Berglundh	et	al.,	2018),	the	diagnostic	accuracy	of	using	PPD	as	a	sole	clinical	parameter	

for	detecting	bone	loss	has	been	questioned.	In	fact,	peri-implantitis	cases	may	progress	

without	the	presence	of	deep	pockets	(Romandini,	Berglundh,	et	al.,	2021;	Romandini,	

Lima,	Pedrinaci,	Araoz,	Costanza	Soldini,	et	al.,	2021).	Indeed,	peri-implantitis	was	found	

to	course	either	with	PPD	increase	or	with	peri-implant	soft	tissue	dehiscence	(PISTD),	

underlining	that	PPD	changes	used	as	single	parameter	may	not	be	sufficient	to	suspect	

of	 bone	 loss.	 The	 combination	 of	 PPD	 with	 mucosal	 dehiscence	 was	 suggested	 to	

improve	the	diagnostic	value	than	the	use	of	PPD	alone	(Romandini,	Lima,	Pedrinaci,	

Araoz,	Costanza	Soldini,	et	al.,	2021).		
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Also,	 the	 limited	 value	 of	 PPD	 as	 single	 diagnostic	 tool	may	 be	 partial	 attributed	 to	

technical	factors,	such	as	probe	angulation/	direction,	probing	force	and	the	prosthetic	

design,	 that	 may	 compromise	 accurate	 PPD	 assessment.	 In	 fact,	 PPD	measurement	

taken	before	and	after	the	removal	of	the	implant-supported	rehabilitation	revealed	an	

under-	or	over-estimation	over	1	mm	in	the	majority	of	peri-implantitis	sites	(63%).	On	

the	other	hand,	probing	assessment	without	the	prosthesis	related	to	the	bone	 level	

confirmed	during	surgery	(Serino	et	al.,	2013).		

	

BLEEDING	ON	PROBING		

BoP	is	 interpreted	as	a	clinical	sign	of	 inflammation	of	the	soft	tissues,	and	therefore	

incorporated	in	the	diagnostic	criteria	of	peri-implant	diseases	(Berglundh	et	al.,	2018;	

Lang	et	al.,	1994).	

BoP	 is	 consistently	 associated	 to	 peri-implantitis	 cases	 (Derks	 et	 al.,	 2016a;	 Monje,	

Caballe-Serrano,	et	al.,	2018;	Rodrigo	et	al.,	2018;	Vignoletti	et	al.,	2019).	Indeed,	the	

presence	 of	 BoP	 at	 implant-level	 was	 found	 to	 be	 significantly	 higher	 in	 patients	

diagnosed	with	peri-implantitis	 (86%)	compared	to	those	with	peri-implant	mucositis	

(43%)	 (Ramanauskaite	 et	 al.,	 2018).	 A	 meta-analysis	 evaluating	 BoP	 as	 predictor	

concluded	that	implants	exhibiting	BoP	have	a	24.1%	likelihood	of	being	diagnosed	with	

peri-implantitis	(Hashim	et	al.,	2018).		

Even	in	patients	receiving	supportive	therapy,	a	BoP	score	greater	than	50%	across	all	

implant	sites	was	significantly	associated	to	peri-implantitis	incidence	(OR	37)	(Costa	et	

al.,	2012).	

Conversely,	 only	 a	 minority	 of	 implants	 (<20%)	 display	 advanced	 bone	 loss	 in	 the	

absence	of	BoP	(Rodrigo	et	al.,	2018;	Romandini,	Berglundh,	et	al.,	2021)	highlighting	
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that	the	absence	of	BoP	serves	as	an	indicator	of	stable	peri-implant	conditions,	due	to	

its	high	negative	predictive	value	(Jepsen	et	al.,	1996).	

The	 likelihood	of	a	positive-BoP	site	was	found	to	be	related	to	PPD	(de	Souza	et	al.,	

2012).	In	fact,	for	each	millimeter	of	site-specific	increment	in	PPD,	there	is	an	increased	

probability	of	positive	BoP	(Farina	et	al.,	2017;	Merli	et	al.,	2017).	

In	a	clinical	examination	of	1.289	implant,	at	a	probing	force	of	0.20	N,	the	probability	

of	BoP	was	27%	for	PPD	of	4	mm,	increasing	to	48%	for	PPD	of	6	mm	(Farina	et	al.,	2017).	

Similarly,	a	study	including	52	patients	enrolled	in	supportive	therapy	observed	BoP	in	

30–40%	of	sites	with	PPD	of	3	mm	and	in	more	than	80%	of	sites	with	PPD	of	7	mm.	A	

significant	higher	risk	for	BoP	was	found	for	interproximal	sites	(OR	=	1.55).	(Merli	et	al.,	

2017).		

Nevertheless,	the	diagnostic	value	of	BoP	may	be	compromised	by	factors	related	to	the	

technique	and	patient	habits.	BoP	can	be	induced	by	trauma	when	excessive	probing	

force	is	applied,	leading	to	potential	false	positives.	A	probing	force	of	0.15	N	has	been	

suggested	to	minimize	this	risk	(Gerber	et	al.,	2009).	Also,	smoking	was	demonstrated	

to	be	inversely	associated	with	BoP	(OR	=	0.3).	A	lower	BoP	sensitivity	in	detecting	visible	

gingival	 inflammation	 was	 found	 in	 smoker	 patients.	 BoP	 occurred	 in	 96.3%	 of	

nonsmokers	(never	smokers)	and	in	77.8%	of	smokers	(≥1	cigarettes	per	day)	(Amerio	

et	al.,	2022).	

Regarding	BoP	extent,	 in	the	absence	of	additional	clinical	signs	of	 inflammation,	the	

presence	of	BoP	at	 a	 single	 site	 should	not	be	 regarded	as	 sufficient	 for	 a	definitive	

diagnosis	 of	 peri-implantitis	 (Renvert	 et	 al.,	 2018).	 Using	 BoP	 at	 ≥3	 sites	 as	 a	 single	

clinical	parameter	 to	 identify	peri-implantitis	cases	yields	greater	diagnostic	accuracy	

than	BoP	at	≥1	site,	primarily	due	 to	 its	higher	specificity	 (80.7%	for	BoP	≥3	sites	vs.	
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43.2%	for	BoP	≥1	site)	(Romandini,	Berglundh,	et	al.,	2021).	Likewise,	Berglundh	et	al.,	

(2021)	reports	an	OR	of	15.3	for	peri-implant	bone	loss	>2mm	when	BoP	was	present	in	

more	than	3	sites/implant.	

In	accordance,	the	number	of	sites	exhibiting	BoP	was	associated	with	greater	bone	loss.	

A	15-years	 retrospective	 study	 involving	112	 implants	 found	 that	 for	each	additional	

BoP-positive	site	there	was	a	0.5	mm	increase	in	bone	loss	(Ramanauskaite	et	al.,	2024).	

A	prospective	study	monitored	for	five	years	19	patients	receiving	periodontal	and	peri-

implant	supportive	therapy	every	5	to	8	months.	The	analysis	from	the	final	two	years	

indicated	that	BoP	frequency	≥50%	exhibited	a	sensitivity	of	50%	and	specificity	of	100%	

for	detecting	either	a	decrease	in	bone	density	or	a	2.5mm	increase	in	PPD	during	the	

5-years	follow-up	(Luterbacher	et	al.,	2000).	

The	combination	of	BoP	with	the	radiographic	assessment	of	bone	level	enhances	the	

diagnostic	 accuracy	 of	 BoP	 alone.	 Indeed,	 BoP/suppuration	 and	 bone	 level	 ≥2	 mm	

demonstrated	 a	 high	 sensitivity	 (93.0%)	 and	 specificity	 (93.7%)	 to	 identify	 peri-

implantitis	cases	(with	bone	loss>2mm)	(Romandini,	Berglundh,	et	al.,	2021).	

Most	studies	merely	rely	on	the	dichotomous	definition	of	BoP	(presence	/	absence).			

However,	the	assessment	and	categorization	of	BoP	severity	(e.g.,	punctiform,	profuse)	

(Mombelli	et	al.,	1987)	may	provide	additional	diagnostic	and	predictive	value.	

Further	 research	 is	 required	 to	 substantiate	 the	 diagnostic	 accuracy	 of	 various	 BoP	

assessment	methods	(severity	and	extent)	in	the	identification	of	peri-implantitis.		

	

SUPPURATION		

The	 likelihood	of	suppuration	 increases	with	the	severity	of	peri-implantitis.	 Implants	

presenting	 suppuration	 have	 deeper	 PPD	 (Ramanauskaite	 et	 al.,	 2018),	 with	 each	
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additional	1mm	increase	in	PPD	correlating	to	a	63%	higher	risk	of	suppuration	(Monje	

et	al.,	2021).	Moreover,	 suppuration	was	associated	to	defect	morphology	and	more	

severe	bone	loss	(Monje	et	al.,	2021).		

However,	suppuration	is	a	relatively	uncommon	clinical	finding	in	peri-implantitis	cases.	

Studies	report	its	presence	in	17.4%	to	28.7%	of	implants	with	peri-implantitis	(Fransson	

et	al.,	2008;	Monje	et	al.,	2021;	Ramanauskaite	et	al.,	2018;	Rodrigo	et	al.,	2018),	with	a	

higher	occurrence	at	buccal	sites	(51%)	(Monje	et	al.,	2021).		

Although	 Ramanauskaite	 et	 al.	 (2018)	 identify	 suppuration	 exclusively	 in	 implants	

affected	 by	 peri-implantitis,	 has	 to	 be	 acknowledge	 that	 suppuration	 can	 also	 be	

detected	in	peri-implant	mucositis,	indicating	that	is	not	a	distinctively	clinical	feature	

of	peri-implantitis	cases	(Monje,	Caballe-Serrano,	et	al.,	2018;	Rodrigo	et	al.,	2018).	

As	diagnostic	tool	for	detecting	peri-implantitis	cases	with	bone	loss	>2mm,	suppuration	

demonstrates	 limited	 sensitivity	 and	high	 specificity.	 Consequently,	 its	 presence	was	

suggested	as	a	strong	indicator	of	peri-implantitis	(Monje,	Insua,	et	al.,	2018;	Romandini,	

Berglundh,	et	al.,	2021).	

	

2.4.2	DIAGNOSTIC	ACCURACY	OF	RADIOGRAPHIC	EXAMINATION	

Current	case	definitions	of	peri-implantitis	include	the	presence	of	BoP/suppuration,	an	

increase	 in	 PPD,	 combined	 with	 progressive	 bone	 loss	 beyond	 the	 expected	 initial	

remodeling	(Berglundh	et	al.,	2021).	

Bone	loss	is	defined	as	the	difference	in	marginal	bone	levels	between	two	examinations	

and	therefore	requires	a	longitudinal	monitoring	of	bone	levels	(Berglundh	et	al.,	2021;	

Renvert	et	al.,	2018).	

A	 baseline	 standardized	 radiograph	 should	 be	 obtained	 0-1	 year	 after	 implant-
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supported	 rehabilitation	placement	 to	allow	precise	 visualization	of	 implant	 threads,	

interproximal	 bone	 levels	 and	 the	 identification	 of	 distinct	 reference	 points.	 This	

imaging	 is	essential	 for	establishing	direct	evidence	of	progressive	peri-implant	bone	

loss	by	assessment	of	subsequent	radiographs	(Renvert	et	al.,	2018).		

Nevertheless,	 if	 previous	documentation	 is	 not	 available,	 case	definition	 is	 based	on	

indirect	evidence,	established	by	an	 isolated	bone	level	evaluation.	Currently,	a	bone	

level	threshold	≥3	mm	apical	to	the	intraosseous	part	has	been	proposed	for	implant	

peri-implantitis	case	definition	(Berglundh	et	al.,	2018;	Renvert	et	al.,	2018).	

Intra-oral	 radiographs	 to	evaluate	peri-implant	bone	 levels	are	also	 recommended	 in	

case	of	PPD	increase	in	combination	with	BoP/suppuration	(Lang	et	al.,	2011).	

Peri-implantitis	bone	loss	pattern	courses	with	a	marked	intrabony	defect	component	

(Garcia-Garcia	et	al.,	2016;	Monje	et	al.,	2019;	Schwarz	et	al.,	2007;	Shatta	et	al.,	2019),	

with	frequent	loss	of	the	buccal	bone	wall	(Garcia-Garcia	et	al.,	2016).		

A	 ligature-induced	 peri-implantitis	model	 in	 dogs	 detected	 circumferential	 intrabony	

defects,	without	dehiscence	of	oral	or	palatal	wall,	 in	86.6%	of	cases,	while	the	same	

defect	 morphology	 in	 humans	 was	 confirmed	 intra-surgically	 in	 55.3%	 of	 implants	

(Schwarz	 et	 al.,	 2007).	 A	 later	 study,	 that	 evaluated	bone	morphology	 through	 cone	

beam	computed	tomography	(CBCT),	also	identified	2/3	walls	intrabony	defects	as	the	

most	prevalent	in	humans	(55%)	(Monje	et	al.,	2019).	

The	 defect	morphology	may	 also	 combine	 suprabony	with	 an	 intrabony	 component	

(Monje	et	al.,	2019;	Schwarz	et	al.,	2007;	Shatta	et	al.,	2019),	however	the	least	frequent	

defect	morphology	 is	 the	horizontal	 bone	 loss	pattern	 (1.9%	of	 cases)	 (Monje	et	 al.,	

2019).	

In	 addition	 to	 interproximal	 bone	 levels	 evaluation,	 assessing	 peri-implant	 defect	
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morphology	is	crucial	in	peri-implantitis	treatment,	particularly	for	the	decision-making	

process	regarding	the	surgical	approach.	Therefore,	diagnostic	accuracy	of	radiographic	

methods	is	a	crucial	matter.		

Intra-oral	periapical	 radiographs	are	 recommended	 for	 routine	evaluation	of	 implant	

bone	 levels	 (Kuhl	 et	 al.,	 2016).	 However,	 the	 two-dimensional	 images	 may	

underestimate	defect	morphology	assessment,	especially	 in	buccal	or	palatal	defects,	

including	dehiscence	and	fenestrations	(Garcia-Garcia	et	al.,	2016),	with	discrepancies	

between	 intra	 surgical	 and	 radiographic	measurements	 up	 to	 1-2mm	 (Serino	 et	 al.,	

2017).	

Three-dimensional	imaging,	such	as	CBCT,	have	been	considered	to	mitigate	periapical	

radiographs	limitations.	CBCT	demonstrated	higher	sensitivity	for	detecting	peri-implant	

bone	morphology,	including	the	intrabony	component	dimensions	and	identification	of	

dehiscence	and	fenestrations	(Hilgenfeld	et	al.,	2018;	Schwindling	et	al.,	2019;	Vadiati	

Saberi	et	al.,	2019).	Nevertheless,	CBCT	may	still	underestimate	bone	measurements	

with	an	average	discrepancy	up	to 1	mm	(Insua	et	al.,	2021;	Schriber	et	al.,	2020).	

Considering	the	general	recommendation	and	concern	for	the	rational	use	of	imaging	

methods,	 the	 intra-oral	 periapical	 radiograph	 visualization	 may	 be	 sufficient	 for	

monitoring	peri-implant	bone	levels	(Vadiati	Saberi	et	al.,	2019).	

In	the	absence	of	previous	documentation,	diagnosis	of	a	peri-implantitis	case	relies	on	

the	cross-sectional	analysis,	and	therefore	the	bone	level	thresholds	definition	becomes	

critically	important.		

A	 diagnostic	 accuracy	 study	 to	 identify	 history	 of	 bone	 loss	 comprised	 clinical	 and	

radiographic	data	of	1,577	implants	(427	patients)	at	9	years.	Peri-implantitis	cases	were	

more	accurately	identified	through	bone	levels	>	1	mm,	with	BoP	and/or	SoP,	although	
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this	threshold	still	presented	high	false	negative	(27.6%)	and	false	positive	(13.2%).	A	

bone	level	threshold	≥	2mm	was	found	to	be	highly	accurate	 in	 identifying	history	of	

bone	loss	(Romandini,	Berglundh,	et	al.,	2021).	

	

2.5	BASELINE	STUDY	

A	 recent	 cross-sectional	 study	 performed	 by	 our	 research	 group	 (“baseline	 study”)	

evaluated	 a	 university-representative	 sample	 and	 aimed	 to	 report	 the	 prevalence	 of	

peri-implant	 diseases	and	 to	 identify	 the	 risk/protective	 indicators	of	peri-implantitis	

(Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	2021).	

Ninety-nine	 patients	 with	 458	 dental	 implants	 were	 randomly	 selected	 through	 a	

stratified	multistage	sampling	process.		

A	clinical	examination	was	performed	on	all	implants	with	a	manual	UNC-15	periodontal	

probe	 (PCP15;	 Hu-Friedy)	 at	 6	 sites/implant,	 comprising	 presence	 of	 visible	 plaque,	

PISTD,	 PPD,	 BoP/SoP	 (within	 30s).	 Additionally,	 keratinized	 tissue	 height,	mobility	 of	

mucosal	 margin,	 peri-implant	 phenotype,	 tissue	 thickness,	 clinical	 signs	 of	 occlusal	

overloading	on	implants	and	of	bruxism	were	also	assessed.		

Marginal	 bone	 levels	 were	 measured	 from	 the	 implant	 shoulder	 to	 the	 first	 bone-

implant	contact,	using	a	software	program	(Autocad	2016	TM,	AutoDesk	Inc.)	by	one	

calibrated	investigator	(CL)	(intra-examiner	agreement,	ICC	=	0.98;	95%	CI	0.96–0.99;	p	

<	.001).		

The	 following	 case	 definitions	 were	 used:	 Peri-implant	 health:	 absence	 of	

BoP/SoP; Peri-implant	mucositis:	presence	of	BoP/SoP	together	with	radiographic	BL	

<1	 mm; Pre-periimplantitis:	 presence	 of	 BoP/SoP	 together	 with	 1	 mm	≦BL	 <	 2	
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mm; Peri-implantitis:	presence	of	BoP/SoP	together	with	radiographic	BL	≧2	mm.		

At	patient-level,	the	prevalence	of	peri-implant	health	was	1.0%	(95%	CI:	0.1–7.0),	of	

peri-implant	mucositis	11.1%	(95%	CI:	6.2–19.1),	of	pre-periimplantitis	31.3%	(95%	CI:	

22.8–41.3),	and	of	peri-implantitis	56.6%	(95%	CI:	46.5–66.1).	

At	implant-level,	the	prevalence	of	peri-implant	health	was	8.5%	(95%	CI:	6.3–11.5),	of	

peri-implant	mucositis	31.9%	(95%	CI:	27.8–36.3),	of	pre-periimplantitis	31.7%	(95%	CI:	

27.5–36.1),	and	of	peri-implantitis	27.9%	(95%	CI:	24.0–32.3).	

In	 the	multilevel	multivariate	 logistic	 regression	 analyses	 several	 factors	 emerged	 as	

risk/protective	indicators	for	peri-implantitis	(at	0.05	significance	level).	

The	following	patient-level	factors	demonstrated	statistical	significance:	smoking	(OR	=	

3.59;	95%	CI:	1.52–8.45),	less	than	16	remaining	teeth	(OR	=	2.23;	95%	CI:	1.05–4.73),	

moderate/severe	periodontitis	(vs	mild	periodontitis,	OR	=	2.77;	95%	CI:	1.20–6.36),	use	

of	interproximal	flossing/brushing	on	implants	(OR	=	0.27;	95%	CI:	0.11–0.68).	

At	 implant-level	 were	 identified	 the	 following	 factors:	 implant	 malposition	 (too	

vestibular:	OR	=	2.85;	95%	CI:	1.17–6.93),	 implant	brand	(Nobel	vs.	Straumann:	OR	=	

4.41;95%	CI:	1.76–11.09),	restoration	type	(bridge	vs.	single	crown:	OR	=	2.47;	95%	CI:	

1.19–5.12),	and	trauma	as	reason	of	tooth	loss	(vs.	caries:	OR	=	6.51;	95%	CI:	1.45–29.26)		

The	 identified	 risk	 indicators	were	 consistent	with	other	 studies	with	 similar	designs	

(Canullo,	Tallarico,	et	al.,	2016;	Derks	et	al.,	2016a;	Rodrigo	et	al.,	2018;	Roos-Jansaker,	

Lindahl,	et	al.,	2006).	

This	 study	clinical	and	radiographic	examinations	 (Romandini,	 Lima,	Pedrinaci,	Araoz,	

Soldini,	et	al.,	2021)	served	as	the	baseline	data	for	the	present	thesis.	
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III.	JUSTIFICATION	 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III.	JUSTIFICATION	 	

 
The	 high	 prevalence	 and	 rapid	 progression	 of	 peri-implantitis	 underlines	 the	 pivotal	

importance	 of	 primary	 prevention	 tailored	 to	 the	 patient	 individual	 risk	 profile.	 The	

identification	 of	 true	 risk/protective	 factors	 requires	 longitudinal	 evaluations	 to	

establish	and	validate	the	causal	effect.	However,	only	few	cohort	studies	report	peri-

implantitis	incidence	and	associated	risk	factors,	mostly	based	on	convenience	samples,	

and	at	risk	of	confounding	or	information	bias.			

Additionally,	the	early	detection	of	peri-implantitis	onset	is	dependent	on	the	accuracy	

of	the	diagnostic	tools.	Peri-implantitis	is	diagnosed	once	a	significant	amount	of	bone	

loss	has	already	occurred.	Therefore,	it	would	be	highly	valuable	if	clinical	parameters	

could	 predict	 bone	 loss	 before	 is	 radiographically	 detected.	 Additionally,	 since	 the	

current	peri-implantitis	case	definition	is	based	on	bone	loss	assessment,	there	is	also	a	

need	for	diagnostic	tools	to	identify	implants	where	bone	loss	has	already	occurred,	thus	

justifying	radiographic	exposure.	

Clinical	parameters	are	routinely	employed	to	monitor	peri-implant	health	status,	yet	

their	effectiveness	remains	to	be	clearly	validated	(e.g.,	PPD	/	PISTD	changes	over	time,	

and	BoP	extent	and	severity).		

Therefore,	there	is	a	need	to	develop	studies	grounded	in	a	longitudinal	framework	to	

assess	the	incidence	of	peri-implantitis,	identify	associated	risk	factors,	and	to	evaluate	

the	accuracy	of	clinical	parameters	as	predictive	and	diagnostic	tools.	
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IV.	AIMS		
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IV.	AIMS	 

The	general	objectives	of	this	thesis	were	to	identify	the	incidence	and	risk	factors	of	

peri-implantitis	 and	 to	 determine	 the	 predictive	 and	 diagnostic	 accuracy	 of	 clinical	

parameters	for	detecting	peri-implant	bone	loss.		

	

The	specific	objectives	were:		

Study	#1:		

• To	assess	the	incidence	of	peri-implantitis	and	associated	risk	factors	at	4-years	

follow-up	of	a	university-representative	sample	of	patients	with	dental	implants	

(Romandini	et	al.,	2021;	Romandini	et	al.,	2020b;	Romandini	et	al.,	2020c).		

	

Study	#2:	 		

To	evaluate	the	diagnostic	accuracy	of:	

• Clinical	 parameters	 recorded	 at	 baseline	 to	 predict	 bone	 loss	 occurrence	over	

time	(direct	evidence).	

• Clinical	parameters	recorded	at	follow-up	for	the	detection	of	history	of	bone	loss	

(indirect	evidence).	
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V.	MATERIALS	AND	METHODS	
	

STUDY	#1:		

Incidence	and	risk	factors	of	peri-implantitis	over	time	–	A	prospective	cohort	study	

STUDY	#2:		

Accuracy	of	Clinical	Parameters	in	Predicting/Diagnosing	Peri-Implant	Bone	Loss	

	

This	 present	 cohort	 is	 reported	 according	 to	 the	 STrengthening	 the	 Reporting	 of	

OBservational	studies	in	Epidemiology	(STROBE)	guidelines	(Vandenbroucke	et	al.,	2007;	

von	Elm	et	al.,	2007).			

The	 study	was	 conducted	 in	 accordance	with	 the	 Declaration	 of	 Helsinki	 for	 human	

studies,	and	its	research	protocol	was	ethically	approved	(19/182-E;	22/385-EC_P)	by	

the	CEIm	Hospital	Clínico	San	Carlos,	Madrid,	Spain.		

5.1	Population		

The	Peri-Implant	Diseases	 Follow-Up	 (PIDFU)	 study	 is	 an	ongoing	prospective	 cohort	

study	 based	 on	 repeated	 follow-ups	 over	 time	 of	 a	 previously	 reported	 university-

representative	population	(Romandini,	Lima,	Pedrinaci,	Araoz,	Costanza	Soldini,	et	al.,	

2021;	Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	2021;	Romandini,	Pedrinaci,	et	

al.,	2021)	(Figure	1).		
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Figure	1.	Prospective	cohort	study	design.	

	

During	2019,	99	patients	with	458	implants,	 identified	through	a	stratified	multistage	

sampling	process	among	patients	who	received	dental	implants	from	2000	to	2017	in	

the	Department	of	Periodontology	at	Complutense	University	of	Madrid,	were	initially	

examined	both	clinically	and	radiographically.	This	examination	served	as	the	baseline	

for	this	prospective	cohort	study.	In	2023,	the	same	patients	were	invited	to	participate	

to	this	follow-up	examination	through	a	minimum	of	five	different	telephonic	attempts	

made	 on	 different	 days.	 The	 patients	 that	 accepted	 the	 participation	 constitute	 the	

sample	of	the	present	study.	

	

5.2	STUDY	#1:		

Incidence	and	risk	factors	of	peri-implantitis	over	time	–	A	prospective	cohort	study 

	

5.2.1	Risk/Protective	Factors	Tested	(Exposure)	

The	 full	 list	 of	 patient-	 and	 implant-level	 variables	 tested	 as	 putative	 risk/protective	

factors	were	collected	during	the	baseline	examination,	and	their	assessment	methods	

are	 detailed	 in	 the	 baseline	 study	 publication	 (Romandini,	 Lima,	 Pedrinaci,	 Araoz,	

Soldini,	 et	 al.,	 2021)	 (Appendix	 Table	 1).	 The	 present	 medical/dental	 history	 data	

consisted	in	the	update	of	the	information	collected	during	the	baseline	study,	including:	

height	and	weight,	medical	history	(diseases,	medication,	radiotherapy,	chemotherapy,	

allergies),	smoking	status,	SARS-COV-2	infection,	COVID-19	infection	(described	as	mild,	

moderate	 or	 severe),	 COVID-19	 Vaccination. Self-reported	 information	 regarding	

maintenance	frequency	and	implant	treatments	(non-surgical	and/or	surgical)	since	the	
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baseline	 study	 were	 recorded	 and	 crossed	 with	 the	 available	 information	 on	 each	

patient	dental	history	chart.		

Regular	maintenance	was	defined	as	participating	in	an	average	of	≥1	supportive	peri-

implant	therapy	recalls	per	year.		

A	 full-mouth	 periodontal	 examination	 was	 performed	 on	 the	 residual	 dentition,	 for	

assessing	full-mouth	plaque	and	bleeding	scores	(FMPS/FMBS),	the	number	of	probing	

pocket	depth	(PD)	exceeding	different	thresholds	(≥4,	≥5,	≥6	mm),	and	the	number	of	

furcation	involvements	(Hamp	et	al.,	1975)	(FI)	≥2.	Periodontal	diagnosis	was	defined	

according	to	the	2017	Classification	system	(Papapanou	et	al.,	2018)	

At	 implant-level,	 the	 location	 of	 the	 restoration	margin	 in	 relation	 to	 the	 soft-tissue	

margin	(sub-,	juxta-,	or	supra-marginal)	was	recorded	based	on	its	most	apical	position	

around	the	implant.	An	orthopantomography	was	also	performed,	and	the	periodontal	

bone	loss//age	ratio	was	measured	in	the	most	severely	affected	tooth	(Papapanou	et	

al.,	2018;	Sanz,	Papapanou,	et	al.,	2020).	Finally,	patient	files	were	accessed	to	extract	

information	about	any	 treatments	 (non-surgical	and/or	 surgical)	performed	on	 study	

implants	during	the	follow-up	period.	

	

5.2.2	Case	definitions	

The	following	case	definitions	were	used	to	describe	the	peri-implant	health	status	at	

follow-up:	

	-	peri-implant	health:	absence	of	BoP/SoP,	bone	loss	≤1	mm	with	respect	to	the	baseline	

radiographs;	

-		peri-implant	mucositis:	presence	of	BoP/SoP	and	bone	loss	≤1	mm	with	respect	to	the	

baseline	radiographs;	
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-	stable	peri-implantitis:	presence	of	BoP/SoP	and	bone	loss	≤1	mm	with	respect	to	the	

baseline	radiographs,	in	implants	diagnosed	with	peri-implantitis	at	baseline;	

-	 progressive	 peri-implantitis:	 presence	 of	 BoP/SoP	 and	bone	bone	 loss	 >1	mm	with	

respect	 to	 the	 baseline	 radiographs,	 in	 implants	 diagnosed	 with	 peri-implantitis	 at	

baseline.	

	

5.2.3	Peri-implantitis	Onset/Progression	(Outcome)	

The	primary	outcome	of	the	study	was	peri-implantitis	onset/progression,	defined	as	

the	incidence	of	bone	loss>1	mm	between	the	baseline	and	follow-up	examinations	in	

implants	showing	BoP	at	one	or	more	sites.	The	1	mm	threshold	was	chosen	to	minimize	

the	 risk	 of	 misclassification	 bias	 due	 to	 measurement	 error.	 Additional	 bone	 loss	

thresholds	(>0.5	mm	and	>2	mm)	were	also	considered	for	descriptive	purposes.		

At	the	follow-up	examination,	BoP	was	recorded	at	six	sites	per	implant	by	a	calibrated	

examiner	(CL).	New	standardized	peri-apical	radiographs	of	the	included	implants	were	

obtained	 from	 the	Radiology	Department	 using	 the	parallel	 technique.	 The	marginal	

bone	 level	 at	 the	 follow-up	 examination	 was	 assessed	 by	 the	 same	 calibrated	

investigator	 from	 the	 baseline	 study	 (CL),	 applying	 the	 same	measurement	 protocol	

described	in	the	original	publication(Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	

2021).	Briefly,	the	radiographic	bone	level	was	measured	at	the	mesial	and	distal	aspects	

of	each	implant	as	the	distance	in	millimeters	between	the	intra-osseous	portion	of	the	

implant	(excluding	any	polished	collar)	and	the	first	clearly	visible	contact	between	the	

implant	surface	and	the	bone.	A	software	program	(Autocad	2016	TM,	AutoDesk	Inc.,	

San	 Rafael,	 CA,	 USA)	was	 used,	 and	 the	 inter-thread	 pitch	 distance	 reported	 by	 the	

manufacturer	or	the	length	of	the	implant	was	considered	for	calibration.	The	largest	
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value	between	the	mesial	and	distal	measurements	was	recorded	as	the	bone	level	for	

that	implant.	Bone	loss	was	calculated	as	the	difference	in	bone	levels	between	the	two	

examinations.	The	outcome	assessor	previously	demonstrated	an	excellent	intra-rater	

agreement	 after	 re-measuring	 50	 randomly	 selected	 radiographs	 (ICC=0.98;	 95%	 CI	

0.96-0.99;	p<0.001).	

5.2.4	Data	Analysis		

Statistical	analyses	were	performed	with	STATA	SE	version	18.0	software	(StataCorp	LP).	

The	 characteristics	 of	 the	 study	 population/implants	were	 summarized.	 Incidence	 of	

peri-implantitis	onset/progression	was	described	at	both	patient-	and	at	implant-level.	

Risk/protective	 factors	 for	 peri-implantitis	 onset/progression	 were	 studied	 using	

multilevel	(mixed-effects)	logistic	regression	analyses,	accounting	for	the	clustering	of	

multiple	implants	within	the	same	patients.	Each	putative	factor	(Appendix	Table	1)	was	

tested	 individually	 by	 adding	 it	 to	 an	 empty	 model	 with	 the	 peri-implantitis	

onset/progression	as	the	dependent	variable	and	testing	 its	significance.	All	variables	

with	a	p	value	<0.10	were	included	in	an	intermediate	multiple	regression	model,	and	

non-significant	 variables	 were	 sequentially	 removed.	 The	 final	 model	 integrated	 all	

factors	 that	 remained	 with	 a	 p	 value	 <0.10.	 However,	 for	 results	 interpretation,	

statistical	significance	was	a	priori	set	at	p<0.05.	Sensitivity	analyses	were	performed	by	

adjusting	the	final	model	a	priori	for	the	frequency	of	maintenance	per	year,	treatments	

performed	during	follow-up,	and	peri-implant	health	status	at	baseline.	
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5.3	STUDY	#2:		

Accuracy	of	Clinical	Parameters	in	Predicting/Diagnosing	Peri-Implant	Bone	Loss	

	

5.3.1	Predictive	Clinical	Parameters	

In	the	baseline	study,	the	following	clinical	diagnostic	parameters	were	recorded	using	

a	manual	UNC-15	periodontal	probe	(PCP15;	Hu-Friedy)	at	6	sites	per	implant	by	two	

previously	calibrated	examiners:	BoP	and	SoP	(both	within	30s),	PD,	and	PISTD	(Sanz-

Martin	et	al.,	2020).	For	the	present	analysis,	these	parameters	were	synthetized	at	the	

implant	 level	 as:	 presence	 of	 BoP	 (i.e.,	 at	 least	 one	 site	with	 BoP),	 BoP	 extent	 (i.e.,	

number	of	sites	with	BoP:	0-1,	2-5,	6),	presence	of	SoP	(i.e.,	at	least	one	site	with	SoP),	

PD	(deepest	value),	PD≥5	mm	and	PD≥6	mm	(i.e.,	at	least	one	site	with	PD≥5	mm	or	≥6	

mm,	 respectively),	 and	presence	of	PISTD	 (i.e.,	 PISTD>0	mm).	Additionally,	 the	 same	

examiners	assessed	each	implant	for	visual	signs	of	redness	and	swelling	(categorized	

as:	not	at	all	vs.	mild/moderate/severe).	

5.3.2	Diagnostic	Clinical	Parameters	

At	the	follow-up	examination,	the	same	parameters	were	recorded	by	one	of	the	two	

previously	calibrated	examiners	(CL),	and	the	same	implant-level	categorizations	were	

applied.	 Additionally,	 the	 modified	 Bleeding	 Index	 (mBI)	 was	 assessed	 by	 further	

categorizing	the	presence	of	BoP	as	punctiform,	linear,	or	profuse.	Changes	in	PD	and	

PISTD	during	follow-up	were	also	computed,	both	as	increases	in	their	deepest	implant-

level	 value	 and	 as	 the	 greatest	 site-specific	 increase.	 PD	 and	 PISTD	 changes	 were	

analyzed	both	as	continuous	variables	and	dichotomized	with	>1	mm	as	the	threshold.
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5.3.3	Reference	Standard:	Peri-implant	Bone	Loss	Occurrence	

The	diagnostic	reference	standard	of	the	study	was	the	occurrence	of	peri-implant	bone	

loss	>1	mm	between	the	two	examinations.	New	standardized	periapical	radiographs	of	

the	included	implants	were	obtained	from	the	Radiology	Department	using	the	parallel	

technique.	The	marginal	bone	level	at	the	follow-up	examination	was	assessed	by	same	

calibrated	investigator	from	the	baseline	study	(CL),	applying	the	same	measurement	

protocol	 described	 in	 the	 original	 publication.(Romandini,	 Lima,	 Pedrinaci,	 Araoz,	

Soldini,	et	al.,	2021)	Briefly,	the	radiographic	bone	level	was	measured	at	the	mesial	and	

distal	aspects	of	each	implant	as	the	distance	in	millimeters	between	the	intra-osseous	

portion	of	the	implant	(excluding	any	polished	collar)	and	the	first	clearly	visible	contact	

between	 the	 implant	 surface	and	 the	bone.	A	 software	program	 (Autocad	2016	TM,	

AutoDesk	 Inc.,	 San	 Rafael,	 CA,	 USA)	 was	 used,	 and	 the	 inter-thread	 pitch	 distance	

reported	 by	 the	 manufacturer	 or	 the	 length	 of	 the	 implant	 was	 considered	 for	

calibration.	 The	 largest	 value	 between	 the	 mesial	 and	 distal	 measurements	 was	

recorded	as	the	bone	level	for	that	implant.	Bone	loss	was	calculated	as	the	difference	

in	 bone	 levels	 between	 the	 two	 examinations.	 The	 outcome	 assessor	 previously	

demonstrated	 an	 excellent	 intra-rater	 agreement	 after	 re-measuring	 50	 randomly	

selected	radiographs	(ICC=0.98;	95%	CI	0.96-0.99;	p<0.001).
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5.3.4	Data	analysis	

All	statistical	analyses	were	performed	using	STATA	SE	version	18.0	software	(StataCorp	

LP),	with	statistical	significance	a	priori	set	at	p<0.05.	The	characteristics	of	the	study	

population	and	implants	were	summarized.	Incidence/history	of	peri-implant	bone	loss	

was	also	described	according	to	the	different	predictive/diagnostic	clinical	parameters.		

Baseline	clinical	(predictive)	parameters	associated	with	the	incidence	of	peri-implant	

bone	 loss	 were	 studied	 using	 multilevel	 (mixed-effects)	 logistic	 regression	 analyses,	

accounting	for	the	clustering	of	multiple	implants	within	the	same	patients.	Sensitivity,	

specificity,	 area	 under	 the	 curve	 (AUC),	 positive	 and	 negative	 predictive	 values	

(PPV/NPV),	 together	 with	 their	 95%	 confidence	 intervals	 (CI),	 were	 calculated	 for	

dichotomic	parameters.	

The	same	methodology	was	applied	to	test	the	accuracy	of	clinical	(diagnostic)	

parameters	assessed	at	 follow-up	 to	 identify	 recent	occurrence	of	peri-implant	bone	

loss.	Finally,	a	combined	multiple	 regression	multilevel	model	 including	all	 significant	

predictive/diagnostic	 parameters	 was	 presented,	 after	 excluding	 collinear	 and	

redundant	variables.
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VI.	RESULTS	
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VI.	RESULTS	

6.1	STUDY	#1:		

Incidence	and	risk	factors	of	peri-implantitis	over	time	–	A	prospective	cohort	study	

From	the	baseline	sample	of	99	patients,	14	declined	to	participate	in	the	follow-up	visit,	

three	moved	 to	a	different	city,	 two	missed	 the	scheduled	appointment,	one	passed	

away,	and	six	could	not	be	reached	despite	multiple	telephone	attempts.	Consequently,	

73	patients	with	322	implants	were	clinically	evaluated	after	a	mean	follow-up	time	of	

3.9	years	(SD=0.3;	min:	3.0;	max:	4.6).	The	general	characteristics	of	the	population	and	

implants	examined	at	 follow-up	are	detailed	 in	Tables	1	and	2,	being	consistent	with	

those	of	 the	 entire	baseline	population.	Most	 of	 the	 included	patients	were	women	

(61.6%),	 had	 a	mean	 age	 of	 62.8	 years,	 had	 a	 diagnosis	 of	 stage	 III-IV	 periodontitis	

(57.5%),	and	were	currently	nonsmoking	(80.8%)	at	baseline	(Table	1).		
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Table	1.	General	characteristics	of	the	study	population.	
	

Footnote:  

Total number varies according to missing data for each variable. 

Regular maintenance was defined as participating in an average of ≥1 supportive peri-implant care recalls per year. 

SD, standard deviation; N, number; NA, not applicable. 

 

Most	 of	 the	 study	 implants	 were	 located	 in	 the	 maxilla	 (55.6%),	 in	 posterior	 sites	

(83.2%),	and	were	part	of	implant-supported	bridge	restorations	(58.4%).	At	baseline,	

91	implants	(28.2%)	in	38	patients	(52.1%)	were	diagnosed	with	peri-implantitis	(Table	

2).		

 

		 Baseline	population	
(N=99)	

Follow-up	
population	
(N=73)	

Age	(baseline)	(years),	mean	(SD)	 63.7	(9.3)	 62.8	(8.0)	
Gender,	N	(%)	 	 	

Male	 39	(39.4)	 28	(38.4)	
Female	 60	(60.6)	 45	(61.6)	

BMI	(baseline)	(kg/m²),	mean	(SD)	 25.6	(3.7)	 25.7	(3.8)	
Diabetes	Status	(baseline),	N	(%)	 	 	

No	diabetes	 83	(83.8)	 61	(83.6)	
Diabetes		 16	(16.2)	 12	(16.4)	

Smoking	(baseline),	N	(%)	 	 	

Non-smokers	 41	(41.4)	 28	(38.3)	
Former	smokers	 40	(40.4)	 31	(42.5)	
Current	smokers	 18	(18.2)	 14	(19.2)	

Periodontitis	Severity	(2017	WWP)	
(baseline),	N	(%)	

	 	

No	Periodontitis	 7	(7.2)	 4	(5.5)	
Stage	1	 11	(11.3)	 7	(9.6)	
Stage	2	 19	(19.6)	 14	(19.2)	

Stage	3	 30	(30.9)	 25	(34.2)	
Stage	4	 21	(21.7)	 17	(23.3)	
Edentulous	 9	(9.3)	 6	(8.2)	

Peri-implant Status (baseline), N 
(%) 

  

Peri-implant health 1 (1.0) 0 (0.0) 
Peri-implant mucositis 11 (11.1) 10 (13.7) 
Pre-peri-implantitis 31 (31.3) 25 (34.2) 
Peri-implantitis 56 (56.6) 38 (52.1) 

Maintenance compliance (during 
follow-up), N (%) 

  

Regular maintenance  NA 9 (12.3) 

Not regular maintenance  NA 64 (87.7) 
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Table 2. General characteristics of the study implants. 

Footnote:  

Total number varies according to missing data for each variable.  

Implant brands: S, Straumann; N, Nobel Biocare; A, AstraTech. 

SD, standard deviation; N, number. 

 

Most	of	the	included	implants	(189/58.7%)	did	not	received	any	treatment	during	the	

follow-up	period.	Non-surgical	treatment	was	performed	in	79	(24.6%)	implants,	while	

18	(5.6%)	received	surgical	treatment.	Finally,	14	implants	(4.3%)	underwent	removal,	

  Whole baseline implants 
(N=458) 

Implants analyzed at follow-up 
(N=322) 

Jaw, N (%)   

Maxilla 253 (55.2) 179 (55.6) 
Mandible 205 (44.8) 143 (44.4) 

Position, N (%)   
Anterior (canine-canine) 83 (18.1) 54 (16.8) 
Posterior 375 (81.9) 268 (83.2) 

Implant Brand, N (%)   
           S 230 (50.7) 173 (53.9) 
           N 57 (12.6) 38 (11.8) 
           A 76 (16.7) 45 (14.0) 
           Other 91 (20.0) 65 (20.3) 
Implant Length (mm), mean (SD) 9.9 (1.7) 9.84 (1.71) 
Implant Diameter (mm), mean 
(SD) 

4.1 (0.4) 4.1 (0.4) 

Type of Prosthesis (baseline), N 
(%) 

  

Single crown 136 (29.7) 103 (32.0) 
Bridge 267 (58.3) 188 (58.4) 
Overdenture 14 (3.1) 8 (2.5) 
Full-arch fixed restoration 41 (8.9) 23 (7.1) 

   
Prosthesis Retention (baseline), N (%) 

Cemented 218 (47.6) 163 (50.6) 
Screw-retained 226 (49.3) 151 (46.9) 
Locator 8 (1.8) 2 (0.6) 
Bar  6 (1.3) 6 (1.9) 

Peri-implant Status (baseline), N 
(%) 

  

Peri-implant health 39 (8.5) 25 (7.8) 
Peri-implant mucositis 146 (31.9) 107 (33.2) 
Pre-peri-implantitis 145 (31.7) 99 (30.8) 
Peri-implantitis 128 (27.9) 91 (28.2) 
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while	no	reliable	information	on	previous	interventions	was	available	for	the	remaining	

22	implants	(6.8%).	

The	mean	number	of	SPIT	visits	during	follow	up	was	2.0	(SD=1.5;	min:	0;	max:	7),	with	

an	average	of	0.5	per	year	(SD=0.4;	min:	0;	max:	1.9)	and	12.3%	of	patients	were	under	

regular	maintenance	(i.e.,	an	average	of	more	than	one	SPIT	visit	per	year).		

	

6.1.1	Incidence	of	Peri-implantitis	Onset/Progression		

In	 addition	 to	 the	14	 implants	 lost	 (9	 patients),	 10	 implants	 had	missing/unreadable	

follow-up	radiographs.	Therefore,	peri-implantitis	onset/progression	was	assessed	on	

298	implants.		

An	incidence	of	bone	loss>1	mm	during	follow-up	was	observed	in	16	out	of	72	patients	

(22.2%)	and	28	out	of	298	implants	(9.4%)	evaluated	radiographically	(Table	3).	Bone	

loss>1	mm	was	always	associated	with	the	presence	of	BoP	at	follow-up.	Sixteen	events	

(5.4%)	corresponded	to	new	peri-implantitis	cases	(i.e.,	peri-implantitis	onset),	while	12	

(4.0%)	involved	further	bone	loss	of	implants	already	diagnosed	with	peri-implantitis	at	

baseline	(i.e.,	peri-implantitis	progression).		
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Table	3.	Incidence	of	bone	loss	during	follow-up	according	to	different	peri-implant	

diagnosis	at	baseline.	

 
  Implant-level 

(n=298*)  

 
 Bone loss>0.5 mm Bone loss>1 mm Bone loss>2 mm 

D
ia

gn
os

is
 a

t b
as

el
in

e 

Peri-implant health 1 (4.8%) 1 (4.8%) 1 (4.8%) 

Regular maintenance 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Not regular maintenance 1 (6.7%) 1 (6.7%) 1 (6.7%) 

    

Peri-implant mucositis 15 (14.3%) 9 (8.6%) 1 (1.0%) 

Regular maintenance 3 (20.0%) 2 (13.3%) 0 (0.0%) 

Not regular maintenance 12 (13.3%) 7 (7.8%) 1 (1.1%) 

    

Pre-Periimplantitis 14 (14.7%) 6 (6.3%) 3 (3.2%) 

Regular maintenance 2 (13.3%) 1 (6.7%) 0 (0.0%) 

Not regular maintenance 12 (15.0%) 5 (6.3%) 3 (3.8%) 

    

Peri-implantitis 20 (26.0%) 12 (15.6%) 7 (9.1%) 

No treatment after baseline 7 (18.0%) 3 (7.7%) 1 (2.6%) 

Only non-surgical treatment 4 (22.2%) 3 (16.7%) 3 (16.7%) 

Surgical treatment 9 (60.0%) 6 (40.0%) 3 (20.0%) 

Unknown treatment status 0 (0.0%) 0 (0.0%) 0 (0.0%) 
 

Overall 50 (16.8%) 28 (9.4%) 12 (4.0%) 

 
Footnote:  

* Missing data: 24 implants (10 had missing/unreadable radiographs; 14 were lost/removed during follow-up).  

Regular maintenance was defined as participating in an average of ≥1 supportive peri-implant care recalls per year. 

 

Peri-implantitis	 onset	 was	 mostly	 observed	 among	 implants	 diagnosed	 with	 peri-

implant	mucositis	(N=9,	8.6%)	or	pre-periimplantitis	(N=6,	6.3%)	at	baseline,	compared	

with	only	one	 implant	with	peri-implant	health	 (4.8%)	at	baseline	 (Table	4).	Most	of	

baseline	peri-implantitis	cases	remained	stable	(84.4%),	with	no	further	bone	loss.	Peri-

implantitis	 progressions	 was	 observed	 around	 implants	 that	 underwent	 surgical	
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treatment	during	follow-up	(40.0%),	which	might	have	been	performed	because	of	the	

incident	bone	loss.		

 

Table 4. Occurrence of peri-implant diseases and implant loss during follow-up 

according to different peri-implant diagnosis at baseline. 

 

Footnote:  

* Percentages refer to implants evaluated radiographically (n=298) (missing data: 10 implants due 

missing/unreadable radiographs, 14 implants lost during follow-up).  

** Percentages refer to implants evaluated clinically (i.e., including implants lost during follow-up) (n=312) (missing 

data: 10 implants due missing/unreadable radiographs).  

NA, not applicable.   

Regular maintenance was defined as participating in an average of ≥1 supportive peri-implant care recalls per year. 

 

 Implant-level	  
 

 

 Diagnosis at follow-up Total* (raw) 
 

Implant loss** 

  Peri-implant 
health* 

Peri-implant 
mucositis* 

Peri-implantitis 
onset* 

Stable peri-
implantitis* 

Progressive peri-
implantitis*  

 

 

D
ia

gn
os

is
 a

t b
as

el
in

e 

Peri-implant health 8 (38.1%) 12 (57.1%) 1 (4.8%)   21 (100.0%) 
 

1 (4.5%) 

Regular maintenance 4 (66.7%) 2 (33.3%) 0 (0.0%)   6 (100.0%) 
 

0 (0.0%) 

Not regular maintenance 4 (26.7%) 10 (66.7%) 1 (6.6%)   15 (100.0%) 
 

1 (6.3%) 

       
 

 

Peri-implant mucositis 10 (9.5%) 86 (81.9%) 9 (8.6%)   105 (100.0%) 
 

2 (1.9%) 

Regular maintenance 2 (13.3%) 11 (73.3%) 2 (13.3%)   15 (100.0%) 
 

0 (0.0%) 

Not regular maintenance 8 (8.9%) 75 (83.3%) 7 (7.8%)   90 (100.0%) 
 

2 (2.2%) 

       
 

 

Pre-Periimplantitis 14 (14.7%) 75 (79.0%) 6 (6.3%)   95 (100.0%) 
 

3 (3.1%) 

Regular maintenance 2 (13.3%) 12 (80.0%) 1 (6.7%)   15 (100.0%) 
 

1 (6.3%) 

Not regular maintenance 12 (15.0%) 63 (78.8%) 5 (6.2%)   80 (100.0%) 
 

2 (2.5%) 

       
 

 

Peri-implantitis    65 (84.4%) 12 (15.6%) 77 (100.0%) 
 

8 (9.4%) 
Implant removal at 

baseline    NA NA 0 (100.0%) 
 

5 (100.0%) 

No treatment after 
baseline    36 (92.3%) 3 (7.7%) 39 (100.0%) 

 

0 (0.0%) 

Only non-surgical 
treatment    15 (83.3%) 3 (16.7%) 18 (100.0%) 

 

0 (0.0%) 

Surgical treatment    9 (60.0%) 6 (40.0%) 15 (100.0%) 
 

1 (6.3%) 
Unknown treatment 

status    5 (100.0%) 0 (0.0%) 5 (100.0%) 
 

2 (28.6%) 

 Overall 32 (10.7%) 173 (58.1%) 16 (5.4%) 65 (21.8%) 12 (4.0%) 298 (100.0%) 
 

14 (4.5%) 
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6.1.2	Risk/Protective	Factors	Associated	with	Peri-implantitis	Onset/Progression	

The	 distribution	 of	 the	 tested	 risk/protective	 factors	 according	 to	 peri-implantitis	

incidence	is	detailed	in	Appendix	Tables	2	and	3.		

In	 the	 multi-level	 simple	 regression	 analyses,	 the	 following	 patient-level	 exposure	

variables	 were	 associated	 with	 peri-implantitis	 (p	 <	 .10):	 marital	 status,	 height,	

osteoporosis/osteopenia,	 myocardial	 infarction,	 hepatitis,	 smoking,	 sleep	 duration,	

alcohol	consumption,	 intake	of	bisphosphonates,	vitamin	D,	or	 immunosuppressants,	

periodontitis	severity	(2017	WWP),	number	of	remaining	teeth,	electric	toothbrush	use,	

and	 periodontal	 bone	 loss/age	 ratio	 (Appendix	 Table	 4).	 The	 following	 implant-level	

variables	were	 also	 associated	with	peri-implantitis:	 implant	 location,	 presence	of	 at	

least	 one	 adjacent	 tooth,	 type	 of	 restoration,	 prosthetic	 design,	 restoration	 margin	

location,	implant	malposition	and	plaque	(Appendix	Table	5).		

In	the	final	multilevel	multiple	logistic	regression	model	(Table	5),	the	following	factors	

remained	significant	at	the	p	<	.05	level:	periodontitis	severity	(stage	IV	periodontitis:	

OR=41.29),	periodontal	bone	loss/age	ratio	(>1:	OR=8.87),	smoking	(current	smokers:	

OR=7.84),	sleep	duration	(>	7	hours:	OR=19.97),	 implant	 location	(incisor:	OR=60.60),	

restoration	 type	 (full-arch	 fixed	 restorations:	 OR=89.84),	 and	 restoration	 margin	

location	 (juxta-marginal:	 OR=14.17).	 Osteoporosis/osteopenia	 (yes:	 OR=5.97)	 and	

plaque	 (6	 sites:	 OR=3.64)	 also	 entered	 the	 final	 model	 (p<.10),	 despite	 being	 not	

statistically	significant	(p>.05).	Sensitivity	analyses,	adjusting	the	final	model	a	priori	for	

frequency	of	maintenance	per	year,	treatments	performed	during	follow-up,	and	peri-

implant	health	status	at	baseline,	showed	results	consistent	with	the	main	analyses.	
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Table	5.	Risk/protective	indicators	associated	with	incidence	of	peri-implantitis	during	

follow-up:	multilevel	multiple	logistic	regression	analysis. 

 

Footnote:  
AIC, Akaike´s information criterion; CI, confidence interval; OR, odds ratio; Ref, reference category. 

 Empty Model  Final Model 

Variable OR 95% CI  OR 95% CI p-value 

Fixed part       
Intercept 0.04 0.01-0.12  0.00 0.00-0.01  

Osteoporosis/osteopenia (yes) (baseline)    5.97 0.98-36.32 0.052 
Smoking (baseline)       

Non-Smoker    Ref Ref Ref 
Current Smoker    7.84 1.83-33.50 0.005 

Sleep duration (baseline)       
<7 hours    0.80 0.20-3.21 0.751 
7-8 hours    Ref Ref Ref 
>7 hours    19.97 1.69-236.39 0.018 

Periodontitis Severity (2017 WWP) 
(baseline)       

No periodontitis or SI-III periodontitis    Ref Ref Ref 
Stage 4 periodontitis    41.29 4.10-415.54 0.002 
Edentulous    NE NE NE 

Periodontal bone loss/age ratio (follow-up)       
≤1    Ref Ref Ref 
>1    8.87 1.47-53.73 0.017 

Implant location (baseline)       
Molar    Ref Ref Ref 
Incisor    60.60 4.04-908.33 0.003 
Canine    NE NE NE 
Premolar    0.90 0.28-2.93 0.862 

Restoration Type (baseline)       
Single Crown    Ref Ref Ref 
Bridge    1.19 0.27-5.30 0.817 
Overdenture    NE NE NE 
Full-Arch Fixed Restoration    89.84 3.66-2202.97 0.006 

Restoration margin location (follow-up)       
Supra-marginal    Ref Ref Ref 
Sub-marginal    5.97 0.54-66.02 0.145 
Juxta-marginal    14.17 1.20-166.76 0.035 

Plaque (baseline)       
0-5 sites    Ref Ref Ref 
6 sites    3.64 0.83-15.94 0.086 

Random part       
Patient variance 2.60 0.79-8.53  0.00 0.00-0.00  

AIC 177.61  119.64 
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6.2	STUDY	#2:		

Accuracy	of	Clinical	Parameters	in	Predicting/Diagnosing	Peri-Implant	Bone	Loss	

	

6.2.1	Clinical	(Predictive)	Parameters	at	Baseline	and	Incidence	of	Peri-implant	Bone	

Loss	

Except	one	case,	bone	loss	during	follow-up	was	only	observed	in	implants	with	BoP	at	

baseline	 (96.4%)	 (Table	 6).	 Incident	 bone	 loss	 was	 more	 common	 around	 implants	

displaying	SoP,	redness,	and	swelling	at	baseline.		

 

Table	6.	Clinical	parameters	at	baseline	and	incidence	of	peri-implant	bone	loss.	

Baseline predictive parameters Overall 
(n=298) 

Incidence of peri-implant bone loss 
(n=28) 

BoP (baseline), N (%)   
No 21 (7.0%) 1 (3.6%) 
Yes 277 (93.0%) 27 (96.4%) 

   
BoP extent (baseline), N (%)   

0-1 site 59 (19.8%)  2 (7.1%) 
2-3-4-5 sites 200 (67.1%) 19 (67.9%) 

6 sites 39 (13.1%) 7 (25.0%) 
   

SoP (baseline), N (%)   
No 271 (90.9%) 24 (85.7%) 
Yes 27 (9.1%) 4 (14.3%) 

   
PPD ≥5 mm (baseline), N (%)   

No 121 (40.6%) 12 (42.9%) 
Yes 177 (59.4%) 16 (57.1%) 

   
PPD ≥6 mm (baseline), N (%)   

No 203 (68.1%) 19 (67.9%) 
Yes 95 (31.9%) 9 (32.1%) 

   
PISTD (baseline), N (%)   

No 220 (73.8%) 20 (71.4%) 
Yes 78 (26.2%) 8 (28.6%) 

Redness (baseline), N (%)   
No 71 (23.8%) 1 (3.6%) 
Yes 227 (76.2%) 27 (96.4%) 

Swelling (baseline), N (%)   
No 130 (43.6%) 8 (28.6%) 
Yes 168 (56.4%) 20 (71.4%) 

 
Footnote:  

BoP, bleeding on probing; mBI, modified bleeding index; N, number; PISTD, peri-implant soft-tissue dehiscence; 

PPD, probing pocket depth; SoP, suppuration on probing. 
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In	multi-level	 regression	 analyses,	 only	 baseline	 redness	was	 significantly	 associated	

with	the	incidence	of	bone	loss	(OR	=	13.81),	while	BoP	extent	showed	a	non-significant	

trend	(6	sites:	OR	=	5.27)	(Table	7).		

Table	7.	Clinical	predictive	parameters	at	baseline	and	incidence	of	peri-implant	bone	

loss	over	time:	multilevel	logistic	regression	analysis.	

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Footnote:  

BoP, bleeding on probing; CI, confidence interval; OR, odds ratio; PISTD, peri-implant soft-tissue dehiscence; PPD, 

probing pocket depth; Ref, reference category; SoP, suppuration on probing. 

 
 

BoP	 at	 ≥1	 site	 (96.4%)	 and	 ≥2	 sites	 (92.9%),	 as	well	 as	 redness	 (96.4%),	 at	 baseline	

exhibited	the	highest	sensitivity	for	predicting	occurrence	peri-implant	bone	loss,	but	

low	specificity	(7.4-25.9%)	(Table	8).	Specificity	was	high	for	BoP	at	6	sites	(88.1%)	and	

presence	 of	 SoP	 (91.5%);	 however,	 both	 exhibited	 low	 sensitivity	 (14.3-25.0%).	 AUC	

values	were	generally	low,	with	the	highest	observed	for	redness	(0.61).	PPVs	indicated	

that	17.9%	of	implants	with	BoP	at	6	sites	and	14.8%	with	SoP	at	baseline	exhibited	bone	

loss	during	follow-up,	whereas	NPVs	showed	that	98.6%	of	implants	without	redness	did	

not	exhibit	future	bone	loss.	

Variable 
Simple regression 

OR 95% CI p-value 

BoP (baseline), yes  1.62 0.15-16.95 0.689 
BoP extent (baseline)     
            0-1 site  Ref Ref Ref 

2-3-4-5 sites  3.44 0.65-18.35 0.148 
6 sites  5.27 0.75-37.05 0.095 

SoP (baseline), yes  1.12 0.23-5.43 0.884 
PPD (baseline)  1.00 0.70-1.45 0.981 
PPD ≥5 mm (baseline), yes  0.71 0.26-1.92 0.498 
PPD ≥6 mm (baseline), yes  0.92 0.31-2.76 0.886 
PISTD>0 mm (baseline), yes  1.32 0.42-4.09 0.633 
Redness (baseline), yes  13.81 1.39-137-31 0.025 
Swelling (baseline), yes  2.02 0.68-6.04 0.208 
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Table	8.	Accuracy	of	different	clinical	parameters	at	baseline	in	predicting	peri-implant	
bone	loss	occurrence	over	time. 

 
Footnote: 
AUC, Area Under the Curve  
NPV, Negative Predictive Value 
PPV, Positive Predictive Value  
 
 

6.2.2	Clinical	(Diagnostic)	Parameters	at	Follow-Up	and	History	of	Peri-implant	Bone	
Loss	

At	 follow-up,	 peri-implant	 bone	 loss	 was	 always	 associated	 with	 the	 concomitant	

presence	of	at	least	one	BoP	site	(Table	9).	Most	bone	loss	cases	(92.9%)	exhibited	BoP	

at	≥2	sites.	SoP	was	only	observed	in	implants	with	recent	peri-implant	bone	loss.	History	

of	bone	loss	was	more	frequent	in	implants	showing	deep	PD	(≥5	mm	and	≥6	mm)	and	

profuse	bleeding	at	follow-up.	Peri-implant	bone	loss	was	more	commonly	detected	in	

implants	showing	increases	in	PD	or	PISTD	>1	mm	between	the	examinations.	

 

 

 

 

 

  

Peri-implant bone loss occurrence 
Incidence 
% (95% 

CI) 

9.4 
(6.3-13.3) 

 Baseline diagnostic parameters 

 BoP (baseline) 
≥1 site 

BoP (baseline) 
≥2 sites 

BoP (baseline) 
=6 sites 

SoP+ (baseline) 
≥1 site 

PPD (baseline) 
≥5 mm 

PPD (baseline) 
≥6 mm 

PISTD (baseline) 
>0 mm 

Redness (baseline) 
yes 

Swelling (baseline) 
yes 

Sensitivity 
%(95%CI) 

96.4 
(81.7-99.9) 

92.9 
(76.5-99.1) 

25.0 
(10.7-44.9) 

14.3 
(4.0-32.7) 

57.1 
(37.2-75.5) 

32.1 
(15.9-52.4) 

28.6 
(13.2-48.7) 

96.4 
(81.7-99.9) 

71.4 
(51.3-89.8) 

Specificity 
% (95% 

CI) 

7.4 
(4.6-11.2) 

21.1  
(16.4-26.5) 

88.1 
(83.7-91.8) 

91.5 
(87.5-94.5) 

40.4 
(34.5-46.5) 

68.1 
(62.2-73.7) 

74.1 
(68.4-79.2) 

25.9 
(20.8-31.6) 

45.2 
(39.1-51.3) 

AUC 
(95% CI) 

0.52  
(0.48-0.56) 

0.57 
(0.52-0.62) 

0.57 
(0.48-0.65) 

0.53 
(0.46-0.60) 

0.49 
(0.39-0.59) 

0.50 
(0.41-0.59) 

0.51 
(0.42-0.60 

0.61 
(0.57-0.66) 

0.58 
(0.49-0.67 

PPV 
% (95% 

CI) 

9.7 
(6.5-13.9) 

10.9 
(7.2-15.5) 

17.9 
(7.5-33.5) 

14.8 
(4.2-33.7) 

9.0 
(5.3-14.3) 

9.5 
(4.4-17.2) 

10.3 
(4.5-19.2) 

11.9 
(8.0-16.8) 

11.9 
(7.4-17.8) 

NPV 
% (95% 

CI) 

95.2 
(76.2-99.9) 

96.6 
(88.3-99.6) 

91.9 
(87.9-94.9) 

91.1 
(87.1-94.2) 

90.1 
(83.3-94.8) 

90.6 
(85.8-94.3) 

90.9  
(86.3-94.4) 

98.6 
(92.4-100.0) 

93.8 
(88.2-97.3) 
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Table	9.	Clinical	parameters	at	follow-up	and	history	of	peri-implant	bone	loss.	

Follow-up diagnostic parameters Overall 
(n=298) 

History of peri-implant bone loss 
(n=28) 

BoP (follow-up), N (%)   
No 39 (13.1%) 0 (0.0%) 
Yes 259 (86.9%) 28 (100.0%) 

   
BoP extent (follow-up), N (%)   

0-1 site 93 (31.2%)  3 (10.7%) 
2-3-4-5 sites 158 (53.0%) 13 (46.4%) 

6 sites 47 (15.8%) 12 (42.9%) 
   

SoP (follow-up), N (%)   
No 295 (99.0%) 25 (89.3%) 
Yes 3 (1.0%) 3 (10.7%) 

   
PPD ≥5 mm (follow-up), N (%)   

No 158 (53.0%) 7 (25.0%) 
Yes 140 (47.0%) 21 (75.0%) 

   
PPD ≥6 mm (follow-up), N (%)   

No 232 (77.9%) 11 (39.3%) 
Yes 66 (22.1%) 17 (60.7%) 

   
PISTD (follow-up), N (%)   

No 174 (58.4%) 17 (60.7%) 
Yes 124 (41.6%) 11 (39.3%) 

   
mBI (follow-up), N (%)   

No BoP 39 (13.1%) 0 (0.0%) 
Punctiform 105 (35.4%) 8 (28.6%) 

Line 121 (40.7%) 9 (32.1%) 
Profuse 32 (10.8%) 11 (39.3%) 

   
Deepest PPD increase >1 mm 

(follow-up), N (%)   

No 279 (93.69%) 20 (71.4%) 
Yes 19 (6.4%%) 8 (28.6%) 

   
Site-specific PPD increase>1 mm 

(follow-up), N (%)   

No 229 (76.9%) 10 (35.7%) 
Yes 69 (23.1%) 18 (64.3%) 

   
Highest PISTD increase >1 (follow-

up), N (%)   

No 269 (90.3%) 22 (78.6%) 
Yes 29 (9.7%) 6 (21.4%) 

   
Site-specific PISTD increase>1 mm 

(follow-up), N (%)   

No 255 (85.6%) 19 (67.9%) 
Yes 43 (14.4%) 9 (32.1%) 

 
 
Footnote:  

BoP, bleeding on probing; mBI, modified bleeding index; N, number; PISTD, peri-implant soft-tissue dehiscence; 

PPD, probing pocket depth; SoP, suppuration on probing. 

 

Multi-level	 regression	 analyses	 identified	 several	 follow-up	 clinical	 parameters	

associated	with	history	of	recent	peri-implant	bone	loss	(Table	10):	BoP	extent	(6	sites:	

OR	=	17.6),	deepest	PD	(per	mm	increase:	OR	=	1.23;	PD	≥5	mm:	OR	=	3.77;	PD	≥6	mm:	
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OR	=	8.16),	mBI	 (profuse:	OR	=	10.37),	deepest	PD	change	 (per	mm:	OR	=	2.21)	and	

increase	>1	mm	(OR	=	10.08),	site-specific	PD	change	(per	mm:	OR	=	2.93)	and	increase	

>1	mm	(OR	=	12.05),	and	site-specific	PISTD	increase	>1	mm	(OR	=	3.44).	

 

Table 10. Clinical diagnostic parameters at follow-up and recent history of peri-implant 

bone loss: multilevel logistic regression analyses. 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Footnote:  

BoP, bleeding on probing; CI, confidence interval; mBI, modified bleeding index; NE, not estimable; OR, odds ratio; 

PISTD, peri-implant soft-tissue dehiscence; PPD, probing pocket depth; Ref, reference category; SoP, suppuration on 

probing. 

Variable 
Simple regressionSo, 

OR 95% CI p-value 

BoP (follow-up), yes  NE NE NE 
BoP extent (follow-up)     
            0-1 site  Ref Ref Ref 

2-3-4-5 sites  3.73 0.78-17.76 0.098 
6 sites  17.6 3.25-115.06 0.001 

SoP (follow-up), yes  NE NE NE 
Deepest PPD (follow-up), for each mm 
increase  1.23 1.56-3.19 0.000 

Deepest PPD ≥5 mm (follow-up), yes  3.77 1.30-10.87 0.014 
Deepest PPD ≥6 mm (follow-up), yes  8.16 2.96-22.51 0.000 
PISTD>0 mm (follow-up), yes  0.76 0.27-2.14 0.599 
mBI (follow-up)     

No BoP  NE NE NE 
            Punctiform  Ref Ref Ref 

Line  1.03 0.31-3.35 0.967 
Profuse  8.99 2.24-36.04 0.002 

Profuse mBI mm (follow-up), yes  10.37 3.22-33.43 0.000 
Deepest PPD change (follow-up), for each 
mm  2.21 1.52--3.21 0.000 

Deepest PPD increase >1 mm (follow-
up), yes  10.08 2.73-37.29 0.001 

Site-specific PPD change (follow-up), for 
each mm increase  2.93 1.79-4.80 0.000 

Site-specific PPD increase >1 mm 
(follow-up), yes  12.05 3.69-39.33 0.000 

Deepest PISTD change (follow-up), for 
each mm  1.08 0.66-175 0.767 

Deepest PISTD increase >1 mm (follow-
up), yes  2.61 0.70-9.75 0.154 

Site-specific PISTD change (follow-up), 
for each mm increase  1.24 0.76-2.02 0.391 

Site-specific PISTD increase >1 mm 
(follow-up), yes  3.44 1.02-11.60 0.047 
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BoP	 at	 ≥1	 site	 showed	 the	 highest	 sensitivity	 for	 history	 of	 peri-implant	 bone	 loss	

(100.0%),	followed	by	BoP	at	≥2	sites	(89.3%)	and	PD	≥5	mm	(75.0%)	(Table	11).	Their	

specificity	was	however	 limited	(14.4-55.9%)	The	highest	specificity	was	observed	for	

SoP	presence	(100.0%),	deepest	PD	increase	>1	mm	(95.9%),	profuse	bleeding	(91.9%),	

PISTD	increases	>1	mm	(deepest:	91.5%;	site-specific:	87.4%),	and	BoP	at	6	sites	(87.0%).	

The	same	parameters	showed	however	low	sensitivity	(10.7-42.9%).	The	highest	AUC	

values	were	noted	for	site-specific	PD	increase	>1	mm	(0.73)	and	PD	≥6	mm	at	follow-

up	(0.71).	All	cases	with	SoP	had	a	history	of	bone	loss	(PPV	=	100.0%),	as	well	as	42.1%	

of	cases	with	an	increase	in	the	deepest	PD.	The	absence	of	BoP	corresponded	to	the	

absence	of	bone	loss	>1	mm	during	follow-up	(NPV	=	100.0%).	

A	 combined	 criterion	 of	 site-specific	 PD	 or	 PISTD	 increase	 >1	 mm	 yielded	 the	 best	

diagnostic	 accuracy	 for	 detecting	 recent	 peri-implant	 bone	 loss	 (sensitivity:	 82.1%;	

specificity:	70.0%;	AUC	=	0.76).	Using	this	criterion,	97.4%	of	implants	with	neither	PD	

nor	PISTD	increases	>1	mm	had	no	recent	bone	loss	(NPV	=	97.4%),	and	22.1%	(PPV)	of	

implants	showing	at	least	one	of	them	had	bone	loss.



 
 

77 

 

  

T
ab

le
 1

1.
 D

ia
gn

os
tic

 a
cc

ur
ac

y 
of

 d
iff

er
en

t c
lin

ic
al

 p
ar

am
et

er
s 

at
 fo

llo
w

-u
p 

fo
r t

he
 d

et
ec

tio
n 

of
 re

ce
nt

 h
is

to
ry

 o
f p

er
i-i

m
pl

an
t b

on
e 

lo
ss

. 



 
 

78 

 

6.2.3	Combined	Predictive/Diagnostic	Model	

A	combined	predictive/diagnostic	model	for	detecting	incidence/history	of	peri-implant	

bone	 loss	 is	 presented	 in	 Table	 12.	 Statistically	 significant	 parameters	 included	 BoP	

extent	at	baseline	(2-5	sites:	OR	=	9.64),	redness	at	baseline	(OR	=	53.63),	PD	≥6	mm	at	

follow-up	(OR	=	5.51),	and	site-specific	PD	(OR	=	13.89)	and	PISTD	(OR	=	9.07)	increases	

>1	mm	during	follow-up.	Profuse	bleeding	at	follow-up	showed	a	borderline	tendency	

for	association	(OR	=	4.61),	though	it	did	not	reach	statistical	significance.	

	

Table	12.	Combined	predictive/diagnostic	model:	clinical	parameters	at	baseline/follow-

up	and	incidence/history	of	peri-implant	bone	loss.	

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Footnote:  

BoP, bleeding on probing; CI, confidence interval; mBI, modified bleeding index; OR, odds ratio; PISTD, peri-implant 

soft-tissue dehiscence; PPD, probing pocket depth; Ref, reference category. 

 
	 	

Variable  
Multiple regression 

OR 95% CI p-value 

BoP extent (baseline)     
            0-1 site  Ref Ref Ref 

2-3-4-5 sites  9.64 1.13-81.85 0.038 
6 sites  7.36 0.50-68.61 0.158 

Redness (baseline), yes  53.63 2.11-1363.12 0.016 
PPD ≥6 mm (follow-up), yes  5.51 1.43-21.30 0.013 
Profuse mBI mm (follow-up), yes  4.61 0.98-21.72 0.053 
Site-specific PPD increase >1 mm 
(follow-up), yes  13.89 2.79-69.10 0.0001 

Site-specific PISTD increase >1 mm 
(follow-up), yes  9.07 1.78-45.92 0.008 
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VII.	DISCUSSION	
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VII.	DISCUSSION	

7.1	MAIN	FINDINGS	

Study	#1	This	prospective	cohort	study,	based	in	a	previous	reported	university-

representative	 sample	 (Romandini,	 Lima,	 Pedrinaci,	 Araoz,	 Soldini,	 et	 al.,	 2021),	

observed	an	incidence	of	peri-implantitis	onset/progression	of	9.4%,	at	nearly	4	years.	

Bone	loss	was	consistently	associated	with	the	presence	of	BoP	at	follow-up.	Several	risk	

factors	 for	 peri-implantitis	 were	 identified,	 including:	 Stage	 IV	 periodontitis,	 a	

periodontal	bone	loss/age	ratio	>1,	current	smoking,	sleep	duration	>7	hours,	implants	

in	 incisor	 position,	 full-arch	 fixed	 restorations,	 and	 juxta-marginal	 margin	 location.	

Analyses	adjusted	for	 the	 frequency	of	maintenance	per	year,	 treatments	performed	

during	follow-up,	and	peri-implant	health	status	at	baseline	showed	consistent	results.	

Study	#2:	The	present	 findings	 indicate	 that	 the	clinical	 signs	of	 inflammation	

compatible	with	peri-implant	mucositis	diagnosis	(presence	of	BoP,	visual	redness)	often	

precede	peri-implantitis.	However,	their	predictive	value	is	limited	due	to	low	specificity.	

Conversely,	BoP	at	six	sites	and	SoP	demonstrated	high	specificity	for	predicting	peri-

implantitis,	although	its	low	sensitivity.	For	diagnosing	peri-implantitis,	BoP	at	follow-up	

was	 always	 associated	with	 peri-implant	 bone	 loss,	 while	 SoP	was	 only	 observed	 in	

implants	with	peri-implantitis.	High	specificity	was	also	noted	for	the	severity	(profuse)	

and	extent	(six	sites)	of	BoP,	as	well	as	 for	changes	 in	PPD	and	PISTD.	The	combined	

criterion	of	site-specific	PPD	or	PISTD	increases	achieved	the	best	diagnostic	accuracy	of	

peri-implantitis.	Overall,	these	findings	suggest	that	BoP	extent	and	severity,	SoP,	and	

changes	 in	 PPD/PISTD	 are	 relevant	 and	 specific	 parameters	 for	 diagnosing	 peri-

implantitis.		
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7.2	INCIDENCE	OF	PERI-IMPLANTITIS	

Study	#1:	 In	 this	study	peri-implantitis	was	observed	 in	9.4%	of	 implants,	comprising	

5.4%	new	 cases	 and	 4.0%	progressions,	 at	 approximately	 4	 years	 of	 follow-up.	 Peri-

implantitis	was	defined	as	presence	of	BoP	/	SoP	and	bone	loss	>	1mm	with	respect	to	

baseline	radiographs.		

There	is	a	limited	number	of	prospective	cohort	studies	available	for	comparison,	with	

most	existing	evidence	at	risk	of	selection,	confounding,	or	information	bias.		

Rodrigo	et	al	(2012)	identified	a	similar	incidence	of	peri-implantitis	(5.8%)	over	a	five-

year	period.	The	employed	definition	did	not	include	a	specific	bone	loss	threshold,	and	

also	 comprised	 positive	 BoP	 and	 PPD	 ≥4	 mm.	 In	 contrast,	 our	 study	 defined	 peri-

implantitis	as	bone	loss	exceeding	1mm	with	BoP/SoP,	without	incorporating	PPD	in	the	

definition.	

Costa	el	al.	(2012)	followed	80	patients	with	peri-implant	mucositis	diagnosis	at	baseline.	

A	 higher	 incidence	 of	 peri-implantitis	 (31.2%)	was	 reported	 at	 5	 years	 (Costa	 et	 al.,	

2012).	 In	 the	 present	 study,	 and	 for	 the	 same	 baseline	 diagnosis,	 onset	 of	 peri-

implantitis	was	3.0%.		

Different	bone	loss	cut-offs	were	used	in	our	analysis	and	incidence	of	bone	loss>2mm	

was	found	in	4.0%	of	implants.	A	similar	outcome	(3.2%)	was	identified	in	a	prospective	

study	of	528	implants	in	edentulous	patients	rehabilitated	with	maxillary	overdentures,	

at	5	years	(Onclin	et	al.,	2022).		

Briefly,	differences	in	follow-up	length,	case	definitions,	and	the	use	of	a	convenience	

sample	may	explain	the	discrepancies	in	the	peri-implantitis	incidence	among	studies.	

Furthermore,	our	sample	included	patients	with	distinct	baseline	diagnosis	(peri-implant	

health,	 peri-implant	 mucositis	 and	 peri-implantitis),	 while	 other	 studies	 followed	
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implants	 with	 specific	 peri-implant	 diagnosis	 (Costa	 et	 al.,	 2012)	 (e.g.,	 peri-implant	

mucositis)	or	included	patients	directly	after	implant	placement	/	loading	(Mameno	et	

al.,	2019;	Onclin	et	al.,	2022;	Rodrigo	et	al.,	2012).	

	

7.3	RISK	FACTORS	FOR	PERI-IMPLANTITIS	

The	 history	 of	 periodontitis	 has	 been	 consistently	 linked	 to	 peri-implantitis	 with	 an	

increased	 risk	 ranging	2.2	 to	19.0	 (Dalago	et	al.,	2017;	de	Araujo	Nobre	et	al.,	2015;	

Karoussis	et	al.,	2003;	Koldsland	et	al.,	2011;	Renvert	et	al.,	2014).	However,	only	a	few	

studies	have	a	longitudinal	design	and	a	comparison	group	of	patients	without	history	

of	 periodontitis	 (Degidi	 et	 al.,	 2016;	 Karoussis	 et	 al.,	 2003;	 Roccuzzo	 et	 al.,	 2022;	

Roccuzzo	et	al.,	2023;	Roccuzzo	et	al.,	2012;	Roccuzzo	et	al.,	2014;	Roccuzzo	et	al.,	2017;	

Swierkot	 et	 al.,	 2012;	 Zhang	 et	 al.,	 2018),	 confirming	 that	 	 patients	 with	 history	 of	

periodontitis		are	at	higher	risk	for	peri-implantitis	(Annunziata	et	al.,	2024;	Serroni	et	

al.,	2024).	

In	accordance	with	the	baseline	study	(Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	

2021),	 our	 findings	 relate	 the	most	 severe	 forms	of	 periodontitis	 to	 the	 risk	 of	 peri-

implantitis	 (i.e.,	 Stage	 IV	 and	 bone	 loss/age	 ratio	 >1).	 According	 to	 the	 2017	

classification,	Stage	IV	complexity	features	include	masticatory	dysfunction	after	tooth	

loss	due	to	periodontitis,	with	such	cases	requiring	an	increased	number	of	implants	to	

restore	function.		

Additionally,	 the	periodontal	bone	 loss/age	ratio	 represents	 the	primary	criterion	 for	

defining	 the	 rate	 of	 progression	of	 periodontitis	 (grade).	 To	 avoid	 confounding	 from	

smoking	and	diabetes,	 this	parameter	was	tested	alone.	A	periodontal	bone	 loss/age	

ratio	 >1	 (Grade	 C)	 emerged	 as	 a	 risk	 factor	 for	 peri-implantitis,	 highlighting	 that	
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periodontitis	 with	 rapid	 progressive	 rate	 are	 at	 higher	 risk,	 as	 previously	 described	

(Monje	et	al.,	2014;	Swierkot	et	al.,	2012)		.		

Current	 smokers	 exhibited	 a	 higher	 risk	 of	 peri-implantitis	 in	 the	 present	 study,	 in	

accordance	to	the	baseline	study	findings	(Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	

al.,	 2021).	 This	 result	 aligns	with	 longitudinal	 studies	 that	 have	 reported	 a	 threefold	

increase	 in	 the	 incidence	 of	 peri-implantitis	 among	 smokers	 (Astolfi	 et	 al.,	 2022;	

Karoussis,	Muller,	et	al.,	2004).			Also,	a	recent	10-years	prospective	study	including	407	

patients,	featured	a	52%	probability	for	peri-implantitis	incidence	in	smokers	(Windael	

et	al.,	2021).	However,	other	prospective	studies	failed	to	demonstrate	this	association	

(Swierkot	et	al.,	2012;	Zhang	et	al.,	2018).	These	studies	included	patients	with	a	mean	

age	 approximately	 20	 years	 younger	 and	 shorter	 follow-up	 periods	 after	 implant	

placement.	Considering	 that	 the	deleterious	effect	of	 smoking	 is	 related	 to	 the	habit	

duration	 and	 dose	 (Martinez-Amargant	 et	 al.,	 2023;	 Naseri	 et	 al.,	 2020),	 this	 may	

partially	account	for	the	observed	discrepancy	 in	the	 literature.	Also,	the	confounder	

effect	of	periodontitis	and	the	heterogeneous	categorizations	of	smokers	should	not	be	

neglected	(Derks	et	al.,	2016a;	Schwarz	et	al.,	2018).			

The	observed	higher	 risk	of	peri-implantitis	 incidence	 in	 long	sleepers	underlines	 the	

relevance	of	healthy	lifestyles	beyond	non-smoking	for	promoting	peri-implant	health.	

Despite	being	novel	for	peri-implant	health,	this	finding	is	consistent	with	periodontal	

literature	 (Marruganti,	 Baima,	 et	 al.,	 2023;	 Marruganti	 et	 al.,	 2024;	 Marruganti,	

Romandini,	et	al.,	2023;	Romandini	et	al.,	2017).		

Several	 implant-level	 variables	 were	 also	 associated	 with	 the	 incidence	 of	 peri-

implantitis.	The	observed	higher	risk	in	anterior	zones	is	consistent	with	previous	studies	

indicating	higher	implant	loss	(Pedrinaci	et	al.,	2023)	and	peri-implantitis	prevalence	in	



 
 

84 

the	anterior	zones	(Aguirre-Zorzano	et	al.,	2015;	French	et	al.,	2019;	Rodrigo	et	al.,	2018;	

Song	et	al.,	2020;	Sun	et	al.,	2023),	specially	in	the	anterior	mandible	(OR=4.9)	(Rodrigo	

et	al.,	2018).	The	unique	anatomical	and	histological	features	of	these	zones,	along	with	

specific	surgical	and	prosthetic	protocols	aimed	at	maximizing	aesthetic	outcomes	that	

may	limit	biofilm	removal,	may	contribute	to	this	higher	risk.		

The	 higher	 risk	 of	 peri-implantitis	 observed	 among	 full-arch	 restorations	 is	 also	 in	

accordance	 with	 previous	 reports	 (Apaza-Bedoya	 et	 al.,	 2024;	 Dalago	 et	 al.,	 2017;	

Rodrigo	et	al.,	2018).	In	addition	to	be	a	proxy	of	the	most	severe	forms	of	periodontitis,	

it	 may	 also	 be	 related	 to	 more	 challenging	 access	 to	 self-performed	 oral	 hygiene	

procedure	(Gong	et	al.,	2023;	Menini	et	al.,	2018).	 Indeed,	a	high	mean	plaque	index	

was	 recorded	 in	 implants	 supporting	 full-arch	 rehabilitation	 (Menini	 et	 al.,	 2018).	

Furthermore,	peri-implantitis	occurrence	has	been	consistently	associated	to	prosthesis	

design	related	factors	that	compromise	accessibility	for	oral	hygiene	(Pons	et	al.,	2021;	

Rodrigo	et	al.,	2018;	Serino	&	Strom,	2009)	and	the	position	of	the	implant	supported	

rehabilitation	to	bone	crest	(Derks	et	al.,	2016a)		

The	same	rational	applies	to	the	juxta	marginal	restorations,	identified	as	a	risk	factor	

for	 bone	 loss,	 since	 the	 restoration	 location	 may	 limit	 biofilm	 removal	 due	 to	 the	

impaired	 access,	 thus	 favoring	 microbiological	 niches.	 These	 findings	 highlight	 once	

more	 the	 relevance	 of	 restoration	 features	 on	 the	 long-term	 maintenance	 of	 peri-

implant	health.	

A	causal	association	between	presence	of	plaque	and	peri-implant	tissues	inflammation	

has	been	established	(Meyer	et	al.,	2017;	Pontoriero	et	al.,	1994;	Salvi	et	al.,	2012)	and	

animal	 studies	 corroborate	 that	 peri-implantitis	 is	 related	 to	 plaque	 accumulation	

(Albouy	et	al.,	2009).	Additionally,	cross-sectional	and	case	control	studies	indicate	that	
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plaque	accumulation	is	related	to	an	increased	risk	of	peri-implantitis	(Aguirre-Zorzano	

et	 al.,	 2015;	 Canullo,	 Penarrocha-Oltra,	 et	 al.,	 2016;	 de	 Araujo	 Nobre	 et	 al.,	 2015;	

Ferreira	et	al.,	2006;	Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	2021).	Also,	high	

full-mouth	plaque	and	bleeding	indexes	were	associated	to	the	increased	risk	of	peri-

implantitis	in	a	20-years	longitudinal	study	(Roccuzzo	et	al.,	2022).	Despite	we	found	an	

association	 of	 baseline	 plaque	 and	 the	 incidence	 of	 peri-implantitis,	 the	 multilevel	

model	 failed	 to	 confirm	 a	 statistical	 significant	 association,	 probably	 due	 to	 lack	 of	

statistical	power.	Also,	the	inability	to	account	for	variability	in	self-performed	plaque	

control	over	time	may	have	further	limited	our	findings.		

Implant	 brand	 and	malposition	 and	 keratinized	 tissue	 height	 did	 not	 emerge	 as	 risk	

factors,	 possible	 due	 to	 lack	of	 statistical	 power,	 as	 denoted	by	 their	 non-significant	

association	in	simple	regression	analyses.		

Lack	 of	 compliance	 with	 supportive	 therapy	 also	 did	 not	 reach	 significance	 in	 the	

statistical	analysis.	Maintenance frequency could have been subject to a masking effect 

from periodontitis, as the most severe forms of periodontitis may necessitate more 

frequent maintenance recalls.	Nevertheless,	bone	loss	was	found	to	be	more	frequent	in	

implants	without	regular	maintenance	(<	1	visit	per	year)	in	accordance	to	the	evidence	

described	in	the	literature	(Costa	et	al.,	2012;	Rodrigo	et	al.,	2018).		

7.4	DIAGNOSTIC	ACCURACY	OF	CLINICAL	PARAMETERS		

Study	#2:	This	study	employed	two	strategies	to	assess	the	clinical	parameters	accuracy	

in	diagnosing	peri-implant	bone	loss.	Baseline	clinical	parameters	were	used	to	predict	

incidence	of	bone	loss,	whether	the	parameters	evaluated	at	follow-up	were	tested	to	

diagnose	 a	 history	 of	 recent	 bone	 loss,	 confirmed	 through	 direct	 evidence,	 since	

previous	documentation	was	available.	
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7.4.1	Diagnostic	accuracy	of	clinical	parameters	to	predict	peri-implant	bone	loss	

In	 the	 present	 study,	 signs	 of	 peri-implant	mucosa	 inflammation	 preceded	 96.4%	 of	

bone	loss	events	and	were	present	in	100%	of	cases	with	a	history	of	recent	bone	loss.		

	Peri-implant	mucositis	has	been	assumed	as	a	precursor	to	peri-implantitis	(Costa	et	al.,	

2012).	However,	longitudinal	studies	including	a	peri-implant	health	control	group	are	

lacking.	

In	 the	 present	 study,	 signs	 of	 peri-implant	mucosa	 inflammation	 preceded	 96.4%	 of	

bone	loss	events	and	was	evident	in	all	cases	with	a	recent	history	of	bone	loss.	However,	

BoP	 high	 prevalence	 (>85%)	 in	 the	 population	 question	 if	 it	 truly	 reflects	 an	

inflammatory	disease	process	in	the	peri-implant	tissues.	Although	highly	sensitive,	this	

parameter	 has	 low	 specificity,	 potentially	 leading	 to	 the	 over-diagnosis	 and	

consequently	over-treatment	of	peri-implant	mucositis.	Also,	moving	the	thresholds	of	

BoP	 from	 ≥1	 to	 ≥2	 sites,	 as	 recently	 proposed,	 (Tonetti	 et	 al.,	 2023)	 only	 provides	

minimal	improvements	in	its	predictive	accuracy.	

In	 contrast,	 BoP	 extent	 (6	 sites)	 and	 SoP	 demonstrated	 the	 highest	 specificity	 in	

predicting	peri-implant	bone	loss	(88.1%-91.5%).	The	predictive	value	of	BoP	extent	has	

not	 been	 analyzed	 in	 previous	 studies,	 however	 the	 findings	 related	 to	 SoP	 are	

consistent	with	other	studies	evaluating	peri-implantitis	cases	(Koldsland	et	al.,	2018;	

Monje	et	al.,	2021;	Romandini	et	al.,	2024).	

These	data	emphasize	the	importance	of	effectively	treating	implants	exhibiting	BoP	at	

6	sites	or	SoP,	since	bone	loss	is	likely	to	occur	during	follow-up.	However,	due	to	their	

low	sensitivity,	most	incident	peri-implantitis	cases	occur	in	implants	without	SoP	and	

BoP	at	6	sites.	Consequently,	there	is	a	pressing	need	for	research	on	microbiological	

and	host	biomarkers,	as	well	as	non-invasive	imaging	(Galarraga-Vinueza	et	al.,	2024)	
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and	new	technologies,	to	develop	more	effective	tools	for	predicting	bone	loss	before	it	

becomes	radiographically	detectable.	

	

7.4.2	Diagnostic	accuracy	of	clinical	parameters	to	detect	peri-implant	bone	loss	

Overall,	a	specificity	exceeding	80%	was	observed	for	BoP	severity	(profuse),	SoP,	PD	≥6	

mm	 and	 changes	 in	 PISTD	 and	 PD	 over	 time,	 however	 these	 parameters	 reveled	 low	

sensitivity	for	detecting	bone	loss	>1mm.	These	findings	are	in	line	with	preclinical	in	vivo	

experimental	peri-implantitis	studies	(Monje,	Insua,	et	al.,	2018).	

Regarding	 BoP	 extent,	 BoP	 (≥1	 and	 ≥2	 sites)	 presented	 with	 the	 highest	 sensitivity	

(100.0%	and	89.3%,	respectively),	however	 their	diagnostic	value	may	be	questioned	

due	to	its	high	frequency	in	the	population.	Conversely,	BoP	extent	(6	sites)	presented	

the	 highest	 specificity	 (87.0%)	 and	 AUC	 (0.65),	 in	 accordance	 with	 clinical	 studies	

suggesting	an	 improvement	of	BoP	diagnostic	accuracy	with	an	 increased	number	of	

bleeding	sites	(Ramanauskaite	et	al.,	2024;	Romandini,	Berglundh,	et	al.,	2021).	

There	is	a	lack	of	studies	evaluating	the	diagnostic	accuracy	of	BoP	severity.	Our	results	

demonstrated	that	BoP	severity	(i.e.,	profuse)	has	a	high	specificity	(91.9%)	and	overall	

similar	diagnostic	accuracy	as	BoP	=6	sites.	

Changes	in	PD	over	time	is	part	of	the	diagnostic	criteria	to	define	a	peri-implantitis	case	

(Berglundh	et	al.,	2018).	The	results	of	the	present	study	disclosed	that	longitudinal	PD	

increase	do	not	enhance	the	limited	diagnostic	accuracy	of	detecting	of	PD	≥	6mm	at	a	

single	 assessment.	 Also,	 must	 be	 considered	 that	 the	 prosthetics	 design	 may	

compromise	the	accurate	assessment	of	PPD	(Serino	et	al.,	2013).			
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Conversely,	 the	 combination	of	 changes	 in	PPD	and	PISTD	exhibited	 the	best	overall	

diagnostic	accuracy	for	detecting	history	of	peri-implantitis,	in	accordance	with	previous	

studies	(Romandini,	Lima,	Pedrinaci,	Araoz,	Soldini,	et	al.,	2021).	

These	findings	underline	that	clinicians	should	not	rely	solely	on	any	single	parameter,	

as	they	all	demonstrated	low	sensitivity.	

	

7.5	STRENGHTS	AND	LIMITATIONS		

The	population	of	 the	present	 thesis	 is	based	on	a	 representative	sample	and	a	high	

participation	rate	was	achieved	at	the	3.9-years	examination.	However,	it	derives	from	

a	 single	 center,	 with	 specific	 setting,	 such	 as	 a	 university	 clinic.	 Therefore,	 the	

generalizability	 of	 these	 findings	 to	 different	 settings	 needs	 to	 be	 verified	 by	 future	

studies.	The	relevance	of	the	present	findings	lies	on	the	extensive	data	collection,	which	

enable	 the	 analysis	 of	 a	 wide	 range	 of	 risk	 factors	 and	 predictive/diagnostic	 clinical	

parameters	analyzed	within	a	prospective	cohort	design.	

The	use	of	multi-level	regression	analyses,	adjusted	for	other	risk	factors,	controls	the	

risk	of	confounding	bias.		

Additionally,	 bone	 loss	 assessed	 through	 direct	 evidence	 within	 a	 longitudinal	

framework	 and	 the	 evaluation	performed	by	 the	 same	 calibrated	operator	 from	 the	

baseline	study	minimized	the	risk	of	information	bias.		

#	Study	1:	Despite	a	broaden	data	collection	was	carried	out	that	allowed	the	analysis	

of	an	extended	pool	of	risk	indicators,	some	limitations	should	be	considered.	

The	 absence	 of	 previous	 studies	 with	 a	 similar	 design	 necessitated	 an	 exploratory	

approach	 for	 this	 study	 design.	 As	 such,	 a	 specific	 sample	 size	 calculation	 was	 not	

performed	for	the	purposes	of	these	analyses,	given	that	the	population	is	derived	from	
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the	 cohort	 established	at	baseline.	Consequently,	 limited	 statistical	 power	may	have	

hindered	the	identification	of	potential	risk	factors.	A	risk	of	information	bias	cannot	be	

excluded	for	some	of	the	tested	risk	indicators,	which	were	self-reported,	while	others	

were	assessed	through	non-gold	standard	methods	(e.g.,	mucosal	thickness	evaluated	

through	a	probe).	

Moreover,	 two	 of	 the	 emerged	 risk	 factors	 (periodontal	 bone	 loss/age	 ratio	 and	

restoration	margin	location)	were	only	assessed	at	the	follow-up	examination,	thereby	

precluding	its	assessment	prior	to	occurrence	of	bone	loss.		

#	Study	2:	Clinical	examinations	performed	at	only	two	time	points,	3.9	years	apart,	may	

limit	the	accuracy	of	some	baseline	clinical	parameters	to	predict	peri-implant	bone	loss	

(e.g.,	plaque).	

Although	an	experienced	examiner	conducted	the	PPD	assessment,	the	use	of	a	manual	

probe	without	controlled	and	standardized	force	could	influence	the	BoP	evaluation.	On	

the	other	hand,	the	accuracy	of	PPD	assessment	may	have	been	constrained	by	factors	

related	to	the	restoration	design	that	hamper	accessibility.		

Some	of	the	clinical	parameters	were	only	evaluated	at	one-time	point.	mBI	was	only	

described	at	the	present	follow-up	examination,	since	the	baseline	data	only	reported	

BoP	in	a	dichotomous	manner,	preventing	the	analysis	of	its	accuracy	in	predicting	bone	

loss.	Conversely,	visual	redness	and	swelling	were	only	evaluated	at	baseline,	preventing	

their	diagnostic	accuracy	evaluation	for	a	history	of	bone	loss.		

PISTD	 evaluation	 used	 as	 reference	 point	 the	 exposure	 of	 the	metal	 portion	 of	 the	

rehabilitation	or	 implant	and	 therefore	may	underestimated	soft	 tissue	changes	 that	

occurred	 not	 involving	 that	 landmark.	 To	 mitigate	 that	 potential	 information	 bias	

improve	sensitivity	for	this	parameter	could	be	achieved	by	utilizing	a	fixed	reference.	
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VIII.	CONCLUSIONS	
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VIII.	CONCLUSIONS	

The	present	 thesis	 reported	peri-implantitis	 in	 9.4%	of	 implants,	 including	5.4%	new	

cases	and	4.0%	progressions,	within	a	university	cohort	over	an	approximately	four-year	

follow-up.	 Several	 risk	 factors	 were	 identified	 and	 should	 be	 considered	 in	 the	

implementation	 of	 primary	 prevention	measures.	 Clinical	 examination	 of	 implants	 is	

required	to	monitor	peri-implant	health,	however	clinicians	should	not	 rely	on	single	

clinical	parameters	for	screening	of	recent	bone	loss.	

Specifically:	

• Periodontitis	(stage	and	grade),	lifestyles	(smoking	and	sleep	duration),	implant	

location,	and	prosthetic	factors	(restoration	type	and	margin	location)	emerged	

as	risk	factors	for	peri-implantitis.	

• Incidence	of	peri-implant	bone	loss>1	mm	was	always	associated	with	signs	of	

inflammation	 at	 follow-up.	 Clinical	 signs	 of	 inflammation	 indicative	 of	 peri-

implant	mucositis	 (presence	 of	 BoP,	 visual	 redness)	 appear	 to	 precede	 peri-

implant	bone	loss.	

• The	presence	of	BoP	in	1-2	sites	has	 limited	value	in	predicting	or	diagnosing	

bone	loss,	due	to	low	specificity.		

• The	presence	of	BoP	at	6	sites	or	SoP	warrants	treatment	and	strict	monitoring,	

as	affected	implants	are	more	likely	to	present	bone	loss	during	follow-up.	

• The	presence	of	BoP	at	6	sites,	profuse	bleeding,	SoP,	PPD	≥6	mm,	or	increases	

in	PPD/PISTD	over	time,	despite	low	sensitivity,	have	demonstrated	high	
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specificity	 for	peri-implantitis	diagnosis	 and	 therefore	 their	presence	 justifies	

additional	radiographic	examination.	

• The	best	diagnostic	accuracy	was	achieved	using	a	combined	criterion	of	site-

specific	PPD	or	PISTD	increases	>1	mm	over	time.	
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ABSTRACT
Aim: This prospective cohort study aimed to evaluate the incidence and risk/protective factors of peri- implantitis over time.
Methods: A university- representative cohort was evaluated at baseline and after a mean follow- up time of 3.9 years. The main 
outcome was the incidence of peri- implantitis, defined as bone loss > 1 mm between the two examinations in implants showing 
bleeding on probing. Putative risk/protective factors assessed at baseline were tested through multilevel (mixed- effects) logistic 
regression analyses.
Results: A total of 73 patients with 322 implants were included. During the follow- up period, 14 implants (4.3%) were lost in 
9 patients (12.3%). Incidence of peri- implantitis was observed in 22.2% of patients and 9.4% of implants. In the final multilevel 
multiple logistic regression model, the following factors were associated with occurrence of peri- implantitis: periodontitis sever-
ity (stage IV periodontitis: OR = 41.29; 95% CI: 4.10–415.54), periodontal bone loss/age ratio (> 1: OR = 8.87; 95% CI: 1.47–53.73), 
smoking (current smokers: OR = 7.84; 95% CI: 1.83–33.50), sleep duration (> 7 h: OR = 19.97; 95% CI: 1.69–236.39), implant loca-
tion (incisor: OR = 60.60; 95% CI: 4.04–908.33), restoration type (full- arch fixed restorations: OR = 89.84; 95% CI: 3.66–2202.97), 
and restoration margin location (juxta- marginal: OR = 14.17; 95% CI: 1.20–166.76). Keratinized tissue width assessed at baseline 
was not associated with incidence of peri- implantitis.
Conclusion: Approximately one in five patients and one in 10 implants experienced incident peri- implantitis over a nearly four- 
year period. Periodontitis (Stage IV and Grade C), lifestyles (smoking and sleep duration), implant location, and prosthetic factors 
(restoration type and margin location) emerged as risk factors for peri- implantitis.

1   |   Introduction

Given its high prevalence [1–5], rapid progression [6], and the 
limited efficacy of current treatment procedures [7–11], primary 
prevention and early diagnosis [12, 13] are essential in managing 
peri- implantitis. The main strategies of peri- implantitis preven-
tion, rely on (i) treating peri- implant mucositis, since it is con-
sidered its precursor [14, 15] and (ii) implementing interventions 

aimed at controlling the modifiable risk factors [1, 16–20]. A re-
cent cross- sectional study performed by our research group 
identified several risk indicators for peri- implantitis, including 
moderate/severe periodontitis, smoking, implant brand and 
malposition, restorative factors, and plaque [2]. These identified 
risk indicators were consistent with other studies with similar 
designs [1, 5, 21, 22]. However, the identification of true risk/
protective factors requires a longitudinal evaluation to verify the 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is 
properly cited.

© 2024 The Author(s). Journal of Periodontal Research published by John Wiley & Sons Ltd.

Mario Romandini and Cristina Lima equally contributed to this work.  

Appendix	1:	STUDY	#1	



 
 

117 



 
 

118 



 
 

119 

	 	



 
 

120 



 
 

121 



 
 

122 



 
 

123 



 
 

124 



 
 

125 



 
 

126 



 
 

127 



 
 

128 



 
 

129 

	



 
 

130 

	
	 	



 
 

131 

	
	 	



 
 

132 

	
	
	 	



 
 

133 

	
Appendix	2:	STUDY	#2	
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Appendix	Table	1.	Putative	risk/protective	factors	tested. 
PATIENT-LEVEL IMPLANT-LEVEL 

D
E

M
O

G
R

A
PH

IC
 

Age (baseline) 

M
E

D
IC

A
T

IO
N

S 

Bisphosphonates (baseline) 

G
E

N
E

R
A

L
 

Implant location (baseline) 

Gender (baseline) Corticosteroids (baseline) Jaw (baseline) 

Educational Level (baseline) NSAIDs (baseline) Implant Brand (baseline) 

Marital Status (baseline) Antiplatelet (baseline) Implant Type (tissue- vs. bone-level) 
(baseline) 

Height (baseline) Anticoagulant (baseline) Implant length (baseline) 

Weight (baseline) Hypolipidemic agent (baseline) Implant diameter (baseline) 

BMI (kg/m²) (baseline) Antidepressant (baseline) At Least One adjacent Tooth (baseline) 

SY
ST

E
M

IC
 D

IS
E

A
SE

S 

Diabetes (baseline) Proton Pump Inhibitor (baseline) Reason of Tooth Loss (baseline) 

Osteoporosis/Osteopenia (baseline) Vitamin D (baseline) 

SO
FT

-T
IS

SU
E

 Keratinized Tissue Height (baseline) 

Myocardial Infarction (baseline) Calcium (baseline) Adherent mucosa (baseline) 

Hypertension (baseline) Thyroid Drug (baseline) 
Tissue Thickness (baseline) 

Stroke (baseline) Immunosuppressant (baseline) 

Anemia (baseline) Insulin (baseline) Mucosal Margin Mobility (baseline) 

Cancer (baseline) Oral Hypoglycemic Agent (baseline) 

R
E

ST
O

R
A

T
IV

E
 F

A
C

T
O

R
S 

Type of Restoration (baseline) 

Depression (baseline) Other Anti-diabetic (baseline) Restoration Retention (baseline) 

Asthma (baseline) Beta-blockers (baseline) Prosthesis Gap (baseline) 
Cognitive or Memory Disorders 
(baseline) Diuretics (baseline) Prosthesis Step (baseline) 

Neurological Disorders (baseline) ACE Inhibitors (baseline) Emergence Angle (Highest) (baseline) 

Immunological Disorders (baseline) Other Antihypertensive Drugs 
(baseline) Emergence Profile (baseline) 

Hypercholesterolemia (baseline) Other Medications (baseline) Mesial Cantilever (baseline) 

Hepatitis (baseline) Supplements (baseline) Distal Cantilever (baseline) 

HIV/AIDS (baseline) 

O
R

A
L

/P
E

R
IO

D
O

N
T

A
L

 V
A

R
IA

B
L

E
S 

Periodontal Status (CDC/AAP) 
(baseline) Prosthesis Mobility (baseline) 

Rheumatoid Arthritis (baseline) Periodontal status (2017 WWP) 
(baseline) Abutment Presence (baseline) 

Respiratory Diseases (baseline) Number of Remaining Teeth 
(baseline)  Platform Switching (baseline) 

Liver Diseases (baseline) Number of Dental Implants 
(baseline) Crown Dimension (baseline) 

Cardiovascular Diseases (baseline) History of Orthodontic Treatment 
(baseline) Crown to Implant Ratio (baseline) 

Gastrointestinal Disorders (baseline) Toothbrushing Frequency (baseline) Residual Cement Visible on Radiograph 
(baseline) 

Kidney Diseases (baseline) Electric Toothbrush (baseline) Clinical Signs of Occlusal Overloading 
(baseline) 

Thyroid Disorders (baseline) Interproximal Flossing/Brushing on 
Implants (baseline) 

Prosthetic design allowing access to 
hygiene (baseline) 

Cataract (baseline) Bruxism Signs (baseline) Restoration margin location (follow-up) 

Other Systemic Diseases (baseline) Bruxism Symptoms (baseline) 

O
T

H
E

R
 Vestibular-Lingual Malposition (baseline) 

Sars-CoV 2 History (follow-up) Dry Mouth (baseline) Plaque (baseline) 

Covid-19 History (follow-up) Number of maintenances between 
baseline and follow-up (follow up) Peri-implant health status (baseline) 

Sars-CoV 2 vaccine (follow-up) FMPS, excluding implants (follow-
up) 

  

L
Y

FE
ST

IL
E

S 

Smoking (baseline) FMBS, excluding implants (follow-
up) 

  

Sleep Duration (baseline) Number PPD≥4 or ≥5 or ≥6 mm, 
excluding implants (follow-up) 

  

Physical Activity (baseline) Number FI ≥ 2 (follow-up)   

Stress (baseline) Periodontal bone loss/age ratio 
(follow-up) 

  

Coffee Consumption (baseline) 

O
T

H
E

R
 Allergies (baseline)   

Alcohol Consumption (baseline) 
Chemotherapy history (baseline)   

Radiotherapy history (baseline)   
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Appendix	Table	2.	Descriptive	statistics	of	the	putative	patient-level	risk/protective	
factors,	overall	and	according	to	incidence	of	peri-implantitis	(N=72	patients).	
 

Variable Overall 
Incidence of peri-implantitis 

No Yes 

Age (years), (baseline), mean (SD) 62.58 (7.84) 61.54 (7.66) 66.25 (7.59) 
Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 

Age ≧ 65 years (yes) (baseline), N (%)    
No 42 (58.3) 35 (62.5) 7 (43.8) 
Yes 30 (41.7) 21 (37.5) 9 (56.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Gender (female) (baseline), N (%)    
Male 27 (37.5) 23 (41.1) 4 (25.0) 
Female 45 (62.5) 33 (58.9) 12 (75.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Educational Level (baseline), N (%)    

Primary school 22 (30.6) 15 (26.8) 7 (43.8) 

High school 17 (23.6) 11 (19.6) 6 (37.5) 
Middle grade 15 (20.8) 14 (25.0) 1 (6.2) 
University/College 18 (25.0) 16 (28.6) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Marital Status (baseline), N (%)    
Married  53 (73.6) 42 (75.0) 11 (68.8) 
Widow 4 (5.6) 2 (3.6) 2 (12.5) 
Divorced 8 (11.1) 7 (12.5) 1 (6.2) 
Never married 5 (6.9) 4 (7.1) 1 (6.2) 
Living with unmarried partner  2 (2.8) 1 (1.8) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Height (cm) (baseline), mean (SD) 164.42 (8.50) 165.29 (7.88) 161.38 (10.10) 
Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 

Weight (kg) (baseline), mean (SD) 70.26 (14.81) 70.94 (14.95) 67.88 (14.51) 
Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 

BMI (kg/m²) (baseline), mean (SD) 25.80 (3.75) 25.77 (3.78) 25.88 (3.77) 
Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 

Diabetes* (baseline), N (%)    
No 63 (87.5) 51 (91.1) 12 (75.0) 
Yes 9 (12.5) 5 (8.9) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Osteoporosis/Osteopenia (baseline), N (%)    
No 58 (80.6) 49 (87.5) 9 (56.3) 
Yes 14 (19.4) 7 (12.5) 7 (43.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Myocardial Infarction (baseline), N (%)    
No 71 (98.6) 56 (100.0) 15 (93.6) 
Yes 1 (1.4) 0 (0.0) 1 (6.4) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Hypertension* (baseline), N (%)    
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No 55 (76.4) 46 (82.1) 9 (56.2) 
Yes 17 (23.6) 10 (17.9) 7 (43.8) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Stroke (baseline), N (%)    
No 71 (98.6) 56 (100.0) 15 (93.6) 
Yes 1 (1.4) 0 (0.0) 1 (6.4) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Anemia (baseline), N (%)    
No 57 (79.2) 43 (76.8) 14 (87.5) 
Yes 15 (20.8) 13 (23.2) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Cancer (baseline), N (%)    
No 66 (91.7) 52 (92.9) 14 (87.5) 
Yes 6 (8.3) 4 (7.1) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Depression*  (baseline), N (%)    
No 61 (84.7) 48 (85.7) 13 (81.3) 
Yes 11 (15.3) 8 (14.3) 3 (18.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Asthma  (baseline), N (%)    
No 68 (94.4) 53 (94.6) 15 (93.8) 
Yes 4 (5.6) 3 (5.4) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Cognitive or Memory Disorders (baseline), N 
(%)    

No 69 (95.8) 54 (96.4) 15 (93.8) 
Yes 3 (4.2) 2 (3.6) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Neurological Disorders (baseline), N (%)    
No 69 (95.8) 53 (94.6) 16 (100.0) 
Yes 3 (4.2) 3 (5.4) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Immunological Disorders (baseline), N (%)    
No 71 (98.6) 55 (98.2) 16 (100.0) 
Yes 1 (1.4) 1 (1.8) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Hypercholesterolemia (baseline), N (%)    
No 44 (61.1) 34 (60.7) 10 (62.5) 
Yes 28 (38.9) 22 (39.3) 6 (37.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Hepatitis (baseline), N (%)    
No 70 (97.2) 54 (96.4) 16 (100.0) 
Yes 2 (2.8) 2 (3.6) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

HIV/AIDS (baseline), N (%)    
No 72 (100.0) 56 (100.0) 16 (100.0) 
Yes 0 (0.0) 0 (0.0) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Rheumatoid Arthritis (baseline), N (%)    
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No 60 (83.3) 49 (87.5) 11 (68.8) 
Yes 12 (16.7) 7 (12.5) 5 (31.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Respiratory Diseases (baseline), N (%)    
No 64 (88.9) 50 (89.3) 14 (87.5) 
Yes 8 (11.1) 6 (10.7) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Liver Diseases (baseline), N (%)    
No 69 (95.8) 53 (94.6) 16 (100.0) 
Yes 3 (4.2) 3 (5.4) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Cardiovascular Diseases (baseline), N (%)    
No 65 (90.3) 50 (89.3) 15 (93.8) 
Yes 7 (9.7) 6 (10.7) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Gastrointestinal Disorders (baseline), N (%)    
No 58 (80.6) 46 (82.1) 12 (75.0) 
Yes 14 (19.4) 10 (17.9) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Kidney Diseases (baseline), N (%)    
No 68 (94.4) 53 (94.6) 15 (93.8) 
Yes 4 (5.6) 3 (5.4) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Thyroid Disorders (baseline), N (%)    
No 59 (81.9) 47 (83.9) 12 (75.0) 
Yes 13 (18.1) 9 (16.1) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Cataract (baseline), N (%)    
No 58 (80.6) 48 (85.7) 10 (62.5) 
Yes 14 (19.4) 8 (14.3) 6 (37.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Other Medical Diseases (baseline), N (%)    
No 62 (86.1) 48 (85.7) 14 (87.5) 
Yes 10 (13.9) 8 (14.3) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Sars-CoV 2 History  (follow-up), N (%)    
No 30 (41.7) 21 (37.5) 9 (56.3) 
Yes 42 (58.3) 35 (62.5) 7 (43.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Covid-19 History (follow-up), N (%)    
No  36 (50.0) 25 (44.6) 11 (68.8) 
Yes 36 (50.0) 31 (53.4) 5 (31.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Sars-CoV 2 vaccine (follow-up), N (%)    
No 1 (1.4) 1 (1.8) 0 (0.0) 
Yes 71 (98.6) 55 (98.2) 16 (100.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

At least one systemic disease (baseline), N (%)    
No 11 (15.3) 8 (14.3) 3 (18.7) 
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Yes 61 (84.7) 48 (85.7) 13 (81.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Number of systemic diseases (baseline), mean 
(SD) 2.78 (2.50) 2.5 (2.45) 3.75 (2.49) 

Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 
Smoking (baseline), N (%)    

Non-smokers 58 (80.6) 46 (82.1) 12 (75.0) 
Current smokers 14 (19.4) 10 (17.9) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Sleep Duration (baseline), N (%)    
<7 hours 29 (40.3) 20 (35.7) 9 (56.3) 
7-8 hours 42 (58.3) 36 (64.3) 6 (37.5) 
>7 hours 1 (1.4) 0 (0.0) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Regular Moderate (≥3 times/week ≥20 minutes) 
Physical Activity (baseline), N (%)    

No 14 (19.4) 11 (19.6) 3 (18.7) 
Yes 58 (80.6) 45 (80.4) 13 (81.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Stress (baseline), N (%)    
Absolutely nothing 16 (22.2) 13 (23.2) 3 (18.8) 
Mild / Moderate 47 (65.3) 37 (66.1) 10 (62.4) 
High 9 (12.5) 6 (10.7) 3 (18.8) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Coffee Consumption (baseline), N (%)    
No 15 (20.8) 12 (21.4) 3 (18.8) 
Yes 57 (79.2) 44 (78.6) 13 (81.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Alcohol Consumption (baseline), N (%)    
Never 23 (32.0) 15 (26.8) 8 (50.0) 
Less than 2 times/week 33 (45.8) 28 (50.0) 5 (31.3) 
Almost everyday  8 (11.1) 6 (10.7) 2 (12.5) 
1/day 6 (8.3) 5 (8.9) 1 (6.2) 
2 or more times/day 2 (2.8) 2 (3.6) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Alcohol Consumption) (baseline), N (%)    
Never 23 (31.9) 15 (26.8) 8 (50.0) 
At least sometimes 49 (68.1) 41 (73.2) 8 (50.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Bisphosphonates (baseline), N (%)    
No 72 (100.0) 56 (100.0) 16 (100.0) 
Yes 0 (0.0) 0 (0.0) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Corticosteroids) (baseline), N (%)    
No 68 (94.4) 53 (94.6) 15 (93.8) 
Yes 4 (5.6) 3 (5.4) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

NSAIDs (baseline), N (%)    
No 68 (94.4) 53 (94.6) 15 (93.8) 
Yes 4 (5.6) 3 (5.4) 1 (6.2) 
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Missing 0 (0.0) 0 (0.0) 0 (0.0) 
Antiplatelet (baseline), N (%)    

No 68 (94.4) 54 (96.4) 14 (87.5) 
Yes 4 (5.6) 2 (3.6) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Anticoagulant (baseline), N (%)    
No 68 (94.4) 54 (96.4) 14 (87.5) 
Yes 4 (5.6) 2 (3.6) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Hypolipidemic agent (baseline), N (%)    
No 56 (77.8) 46 (82.1) 10 (62.5) 
Yes 16 (22.2) 10 (17.9) 6 (37.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Antidepressant (baseline), N (%)    
No 61 (84.7) 49 (87.5) 12 (75.0) 
Yes 11 (15.3) 7 (12.5) 4 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Proton Pump Inhibitor (baseline), N (%)    
No 69 (95.8) 55 (98.2) 14 (87.5) 
Yes 3 (4.2) 1 (1.8) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Vitamin D (baseline), N (%)    
No 69 (95.8) 43 (94.6) 16 (100.0) 
Yes 3 (4.2) 3 (5.4) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Calcium(baseline), N (%)    

No 65 (90.3) 53 (94.6) 12 (75.0) 

Yes 7 (9.7) 3 (5.4) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Thyroid Drug (baseline), N (%)    
No 60 (93.3) 48 (85.7) 12 (75.0) 
Yes 12 (16.7) 8 (14.3) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Immunosuppressant (baseline), N (%)    
No 71 (98.6) 55 (98.2) 16 (100.0) 
Yes 1 (1.4) 1 (1.8) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Insulin (baseline), N (%)    
No 69 (95.8) 54 (96.4) 15 (93.8) 
Yes 3 (4.2) 2 (3.6) 1 (6.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Oral Hypoglycemic Agent (baseline), N (%)    
No 65 (90.3) 55 (91.1) 14 (87.5) 
Yes 7 (9.7) 5 (8.9) 2 (12.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Other Anti-diabetic Drug (baseline), N (%)    
No 70 (97.2) 54 (96.4) 16 (100.0) 
Yes 2 (2.8) 2 (3.6) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 
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Beta-blockers (baseline), N (%)    
No 68 (94.4) 53 (94.6) 15 (93.8) 
Yes 4 (5.6) 3 (5.4) 1 (6.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Diuretics (baseline), N (%)    
No 67 (93.1) 52 (98.9) 15 (93.8) 
Yes 5 (6.9) 4 (7.1) 1 (6.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

ACE Inhibitors (baseline), N (%)    
No 66 (91.7) 53 (94.6) 13 (81.3) 
Yes 6 (8.3) 3 (5.4) 3 (18.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Other Antihypertensive Drugs (baseline), N (%)    
No 70 (97.2) 54 (96.4) 16 (100.0) 
Yes 2 (2.8) 2 (3.6) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Other Drugs (baseline), N (%)    
No 51 (70.8) 40 (71.4) 11 (68.8) 
Yes 21 (29.2) 16 (28.6) 5 (31.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Number of medications (baseline), mean (SD) 1.65 (1.92) 1.43 (1.82) 2.44 (2.13) 
Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 

Supplements (baseline), N (%)    
No 58 (80.6) 46 (82.1) 12 (75.0) 
Yes 14 (19.4) 10 (17.9) 4 (25.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Periodontal status (2017 WWP) (baseline), N 
(%)    

No periodontitis or SI-III periodontitis 49 (68.1) 43 (76.8) 6 (37.5) 
Stage 4 periodontitis 17 (23.6) 8 (14.3) 9 (56.3) 
Edentulous 6 (8.3) 5 (8.9) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Number of Remaining Teeth (baseline), mean 
(SD) 18.89 (7.50) 20.30 (7.28) 13.94 (6.22) 

Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 
Number of Remaining Teeth (≥16) (baseline), N 
(%)    

No 20 (27.8) 9 (16.1) 11 (68.8) 
Yes 52 (72.2) 47 (83.9) 5 (31.2) 
Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 

Number of Dental Implants (baseline), mean 
(SD) 4.51 (2.71) 3.89 (2.44) 6.69 (2.52) 

Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 
Number of Dental Implants (≥4) (baseline), N 
(%)    

No 30 (41.7) 28 (50.0) 2 (12.5) 
Yes 42 (58.3) 28 (50.0) 14 (87.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

History of Orthodontic Treatment (baseline), N 
(%)    

No 50 (64.4) 40 (71.4) 10 (62.5) 
Yes 22 (33.6) 16 (28.6) 6 (37.5) 
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Missing 0 (0.0) 0 (0.0) 0 (0.0) 
Toothbrushing Frequency (baseline), N (%)    

Not everyday  1 (1.4) 1 (1.8) 0 (0.0) 
1 time/day 7 (9.7) 4 (7.1) 3 (18.7) 
2 times/day 31 (43.1) 25 (44.7) 6 (37.5) 
3 or more times/day 33 (45.8) 26 (46.4) 7 (43.8) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Electric Toothbrush (baseline), N (%)    
No 27 (37.5) 24 (42.9) 3 (18.7) 
Yes 45 (62.5) 32 (57.1) 13 (81.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Interproximal Flossing/Brushing on Implants 
(at least on some implants) (baseline), N (%)    

No 8 (11.1) 7 (12.5) 1 (6.2) 
Yes 64 (88.9) 49 (87.5) 15 (93.8) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Bruxism Signs (baseline), N (%)    
No 47 (65.3) 36 (64.3) 11 (68.8) 
Yes 25 (34.7) 20 (35.7) 5 (31.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Bruxism Symptoms (baseline), N (%)    
No 56 (77.8) 45 (80.4) 11 (68.8) 
Yes 16 (22.2) 11 (19.6) 5 (31.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Dry Mouth (baseline), N (%)    
No 51 (79.8) 42 (75.0) 9 (56.3) 
Yes 21 (29.2) 14 (25.0) 7 (43.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Number of maintenances between baseline and 
follow-up (follow up), mean (SD) 2.06 (1.47) 1.95 (1.53) 2.44 (1.21) 

Missing, N (%) 0 (0.0) 0 (0.0) 0 (0.0) 
Regular maintenance between baseline and 
follow-up (≥1 per year) (follow up), N (%)    

No 33 (45.8) 26 (46.4) 7 (43.7) 
Yes 39 (54.2) 30 (53.6) 9 (56.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

FMPS, excluding implants (follow-up), mean 
(SD) 33.47 (16.13) 33.51 (16.47) 33.32 (15.29) 

Missing, N (%) 9 (3.0) 5 (1.8) 4 (14.3) 
FMBS, excluding implants (follow-up), mean 
(SD) 19.86 (12.50) 19.69 (12.44) 20.54 (13.19) 

Missing, N (%) 8 (2.7) 5 (1.9) 3 (10.7) 
Number PD≥4mm, excluding implants (follow-
up), mean (SD) 16.54 (14.27) 16.77 (14.01) 15.62 (15.87) 

Missing, N (%) 7 (2.3) 4 (1.5) 3 (10.7) 
Number PD≥5mm, excluding implants (follow-
up), mean (SD) 5.83 (7.42) 5.56 (6.89) 6.92 (9.51) 

Missing, N (%) 7 (2.3) 4 (1.5) 3 (10.7) 
Number PD≥6mm, excluding implants (follow-
up), mean (SD) 2.38 (4.12) 2.08 (3.20) 3.62 (6.70) 

Missing, N (%) 7 (2.3) 4 (1.5) 3 (10.7) 

Number FI ≥ 2 (follow-up), mean (SD) 0.83 (1.68) 0.84 (1.63) 0.77 (1.92) 

Missing, N (%) 9 (3.0) 6 (2.2) 3 (10.7) 
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Footnote: 
FI, furcation involvement; FMBS, full mouth bleeding score; FMPS, full mouth plaque 
score; N, number; PD, probing pocket depth; SD, standard deviation. 
* self-reported history or medication 
  

Periodontal bone loss/age ratio (follow-up), 
mean (SD) 0.65 (0.29) 0.61 (0.27) 0.78 (0.31) 

Missing, N (%) 10 (3.4) 8 (3.0) 2 (7.1) 

Allergies (baseline), N (%)    
No 55 (76.4) 45 (80.4) 10 (62.5) 
Yes 17 (23.6) 11 (19.6) 6 (37.5) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Chemotherapy (baseline), N (%)    
No 71 (93.6) 56 (100.0) 15 (93.8) 
Yes 1 (1.4) 0 (0.0) 1 (6.2) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Radiotherapy (baseline), N (%)    
No 70 (97.2) 54 (96.4) 16 (100.0) 
Yes 2 (2.8) 2 (3.6) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 
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Appendix Table 3. Descriptive statistics of the putative implant-level risk/protective 

factors, overall and according to incidence of peri-implantitis (N=298 implants).  

 

Variable Overall 
Incidence of peri-implantitis 

No Yes 

Jaw (baseline), N (%)    
Maxilla 160 (53.7) 150 (55.6) 10 (35.7) 
Mandible 138 (46.3) 120 (44.4) 18 (64.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Position (baseline), N (%)    
Anterior (canine-canine) 49 (16.4) 44 (16.3) 5 (17.9) 
Posterior 249 (85.6) 226 (83.7) 23 (82.1) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Side (baseline), N (%)    
Right 152 (51.0) 140 (51.9) 12 (42.9) 
Left 146 (49.0) 130 (48.1)  16 (57.1) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Replaced tooth (baseline), N (%)    
Molar 145 (48.7) 132 (48.9) 13 (46.4) 
Premolar 104 (34.9) 94 (34.8) 10 (35.7) 
Canine 20 (6.7) 20 (7.4) 0 (0.0) 
Incisor 29 (9.7) 24 (8.9) 5 (17.9) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Mouth zone (baseline), N (%)    
Posterior Maxilla 127 (42.6) 119 (44.1) 8 (28.6) 
Anterior Maxilla 33 (11.1) 31 (11.5) 2 (7.1) 
Posterior Mandible 122 (40.9) 107 (39.6) 15 (53.6) 
Anterior Mandible 16 (5.4) 13 (4.8) 3 (10.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Implant Brand (baseline), N (%)    
Straumann,  164 (55.0) 150 (55.6) 14 (50.0) 
Nobel Biocare 36 (12.1) 31 (11.5) 5 (17.9) 
AstraTech 40 (13.4) 35 (13.0) 5 (17.9) 
Other 57 (19.1) 53 (19.6) 4 (14.3) 
Missing 1 (0.4) 1 (0.4) 0 (0.0) 

Implant Collar (baseline), N (%)    
0 mm 88 (29.5) 81 (30.0) 7 (25.0) 
≤ 1.5 mm 28 (9.4) 27 (10.0) 1 (3.6) 
> 1.5 mm 148 (49.7) 139 (51.5) 9 (32.1) 
Missing 34 (11.4) 23 (8.5) 11 (39.3) 

Implant length (baseline), mean (SD) 9.88 (1.68) 9.92 (1.68) 9.46 (1.61) 
Missing, N (%) 5 (1.7) 4 (1.5) 1 (3.6) 

Implant diameter (baseline), mean (SD) 4.14 (0.40) 4.15 (0.40) 4.04 (0.35) 
Missing, N (%) 3 (1.0) 2 (0.7) 1 (3.6) 

At Least One adjacent Tooth (baseline), N 
(%)    
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No  122 (40.9) 104 (38.5) 18 (64.3) 
Yes 176 (59.1) 166 (61.5)  10 (35.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Reason of Tooth Loss (baseline), N (%)    
Caries 118 (39.6) 107 (39.6) 11 (39.3) 
Periodontitis 119 (39.9) 107 (39.6) 12 (42.8) 
Trauma 9 (3.0) 9 (3.3) 0 (0.0) 
Agenesia 4 (1.4) 4 (1.5) 0 (0.0) 
Other reason/Unknown 48 (16.1) 43 (16.0) 5 (17.9) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Keratinized Tissue Height (baseline), N (%)    
KTH=0 mm 49 (16.4) 42 (15.6) 7 (25.0) 
>0 mm & <=2mm  125 (42.0) 116 (42.9) 9 (32.1) 
KTH>2mm 124 (41.6) 112 (41.5) 12 (42.9) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Adherent mucosa (baseline), N (%)    
No 203 (68.1) 183 (67.8) 20 (71.4) 
Yes  95 (31.9) 87 (32.2) 8 (28.6) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Tissue Thickness (baseline,) mean (SD) 1.46 (0.74) 1.47 (0.75) 1.33 (0.67) 
Missing, N (%) 17 (5.7) 17 (6.3) 0 (0.0) 

Peri-implant phenotype (baseline), N (%)    
Thin 111 (37.3) 99 (36.7) 12 (42.9) 
Thick 183 (61.4) 167 (61.8) 16 (57.1) 
Missing 4 (1.3) 4 (1.5) 0 (0.0) 

Mucosal Margin Mobility (baseline), N (%)    
No 152 (51.0) 137 (50.7) 15 (53.6) 
Yes 114 (38.3) 105 (38.9)  9 (32.1) 
Missing 32 (10.7) 28 (10.4) 4 (14.3) 

Type of Restoration (baseline), N (%)    
Single crown 98 (32.9) 94 (34.8) 4 (14.3) 
Bridge 174 (58.4) 154 (57.0) 20 (71.4) 
Overdenture 7 (2.4) 7 (2.6) 0 (0.0) 
Full-arch fixed restoration 19 (6.4) 15 (5.6) 4 (14.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Restoration Retention (baseline), N (%)    
Screw-Retained   137 (45.9) 125 (46.3) 12 (42.9) 
Cemented 154 (51.7) 138 (51.1) 16 (57.1) 
Locator 2 (0.7) 2 (0.7) 0 (0.0) 
Bar 5 (1.7) 5 (1.9) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Prosthesis Gap (baseline), N (%)    
No 219 (73.5) 201 (74.4) 18 (64.3) 
Yes 79 (26.5) 69 (25.6) 10 (35.7) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Prosthesis Step (baseline), N (%)    

No 129 (43.3) 120 (44.4) 9 (32.1) 

Yes 169 (56.7) 150 (55.6) 19 (67.9) 
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Missing 0 (0.0) 0 (0.0) 0 (0.0) 
Emergence Angle (Worst) (baseline), mean 
(SD) 41.54 (19.78) 41.46 (20.05) 42.26 (17.24) 

Missing, N (%) 4 (1.3) 3 (1.1) 1 (3.6) 
Emergence Angle (>30°) (baseline), N (%)    

No 99 (32.2) 92 (34.1) 7 (25.0) 
Yes 195 (65.4) 175 (64.8) 20 (71.4) 
Missing 4 (1.3) 3 (1.1) 1 (3.6) 

Emergence Profile (Worst) (baseline), N (%)    
Concave 13 (4.4) 13 (4.8) 0 (0.0) 
Straight 81 (27.2) 72 (26.7) 9 (32.2) 
Convex  199 (66.8) 182 (67.4) 17 (60.7) 
Missing 5 (1.7) 3 (1.1) 2 (7.1) 

Mesial Cantilever (baseline), N (%)    
No 244 (81.9) 222 (82.2) 22 (78.6) 
Yes 49 (16.4) 43 (15.9) 6 (21.4) 
Missing 5 (1.7) 5 (1.9) 0 (0.0) 

Distal Cantilever (baseline), N (%)    
No 243 (81.5) 218 (80.7) 25 (89.3) 
Yes 50 (16.8) 47 (14.4) 3 (10.7) 
Missing 5 (1.7) 5 (1.9) 0 (0.0) 

Prosthesis Mobility (baseline), N (%)    
No 273 (91.6) 246 (91.1) 27 (96.4) 
Yes 25 (8.4) 24 (8.9) 1 (3.6) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Abutment (baseline), N (%)    
No 212 (71.1) 198 (73.3) 14 (50.0) 
Yes 86 (28.9) 72 (26.7) 14 (50.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Platform Switching (baseline), N (%)    
No 234 (78.5) 212 (78.5) 22 (78.6) 
Yes 64 (21.5) 58 (21.5) 6 (21.4) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Crown Dimension (baseline), mean (SD) 11.36 (2.34) 11.42 (2.34) 10.80 (2.30) 
Missing, N (%) 17 (5.7) 15 (5.6) 2 (7.1) 

Crown to Implant Ratio (baseline), mean 
(SD) 1.19 (0.33) 1.19 (0.34) 1.15 (0.22) 

Missing, N (%) 22 (7.4) 19 (7.0) 3 (10.7) 
Residual Cement Visible on Radiograph 
(baseline), N (%)    

No 294 (98.7) 266 (98.5) 28 (100.0) 
Yes 4 (1.3) 4 (1.5) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Clinical Signs of Occlusal Overloading 
(baseline), N (%)    

No 184 (61.7) 167 (61.9) 17 (60.7) 
Yes 114 (38.3) 103 (38.1) 11 (39.3) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Prosthetic design allowing access to hygiene 
(baseline), N (%)    

No 52 (17.5) 43 (15.9) 9 (32.1) 
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Footnote:  
N, number; SD, standard deviation. 
 

 
 
	 	

Yes 246 (82.6) 227 (84.1) 19 (67.9) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Restoration margin location (follow-up), N 
(%)    

Sub-marginal 231 (77.5) 213 (78.9) 18 (64.3) 
Supra-marginal 22 (7.4) 20 (7.4) 2 (7.1) 
Juxta-marginal 40 (13.4) 32 (11.9) 8 (28.6) 
Missing 5 (1.7) 5 (1.8) 0 (0.0) 

Vestibular-Lingual Position (baseline), N 
(%)    

Correct 249 (83.6) 225 (83.3) 24 (85.7) 
Too vestibular 22 (7.4) 18 (6.7) 4 (14.3) 
Too lingual 27 (9.1) 27 (10.0) 0 (0.0) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Plaque (baseline), N (%)    
0-5 sites/implant 276 (92.6) 256 (94.8) 20 (71.4) 
6 sites/implant 22 (7.4) 14 (5.2) 8 (28.6) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Peri-implant health status (baseline), N (%)    
Peri-implant health 21 (7.1) 20 (7.4) 1 (3.6) 
Peri-implant mucositis 105 (35.2) 96 (35.6) 9 (32.1) 
Pre-peri-implantitis 95 (31.9) 89 (32.9) 6 (21.4) 
Peri-implantitis 77 (25.8) 65 (24.1) 12 (42.9) 
Missing 0 (0.0) 0 (0.0) 0 (0.0) 
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Appendix Table 4. Patient-level risk/protective indicators associated with incidence of 
peri-implantitis during follow-up: multilevel simple logistic regression analysis. 

Variable OR 95% CI p-value 

Age (years) (each unit increase) (baseline) 1.06 0.97-1.17 0.183 
Age ≧ 65 years (yes) (baseline) 1.75 0.48-6.47 0.399 
Gender (female) (baseline) 2.37 0.56-10.00 0.239 
Educational Level (baseline)    

Primary school Ref Ref Ref 

High school 1.17 0.25-5.51 0.840 
Middle grade 0.31 0.04-2.47 0.269 
University/College 0.19 0.02-1.56 0.121 

Marital Status (baseline)    
Married  Ref Ref Ref 
Widow 7.27 1.05-50.48 0.045 
Divorced 0.28 0.022-3.59 0.330 
Never married 1.51 0.16-14.36 0.719 
Living with unmarried partner  1.64 0.75-35.99 0.753 

Height (cm) (each unit increase) (baseline) 0.92 0.85-0.98 0.017 
Weight (kg) (each unit increase) (baseline) 0.96 0.92-1.01 0.120 
BMI (kg/m²) (each unit increase) (baseline) 0.95 0.79-1.14 0.578 
Diabetes* (yes) (baseline) 1.65 0.32-8.63 0.552 
Osteoporosis/Osteopenia (yes) (baseline) 3.49 0.82-14.81 0.090 
Myocardial Infarction (yes) (baseline) 11.08 0.156-787.56 0.269 
Hypertension* (yes) (baseline) 1.30 0.317-5.29 0.718 
Stroke (yes) (baseline) 5.58 0.14-229-47 0.365 
Anemia (yes) (baseline) 0.51 0.08-3.17 0.467 
Cancer (yes) (baseline) 0.99 0.11-8.60 0.996 
Depression* (yes) (baseline) 2.05 0.45-9.21 0.351 
Asthma (yes) (baseline) 0.90 0.04-21.16 0.950 
Cognitive or Memory Disorders (yes) (baseline) 1.10 0.07-17.77 0.945 
Neurological Disorders (yes) (baseline) NE NE NE 
Immunological Disorders (yes) (baseline) NE NE NE 
Hypercholesterolemia (yes) (baseline) 0.80 0.21-3.09 0.745 
Hepatitis (yes) (baseline) 0.43 0.02-0.12 0.000 
HIV/AIDS (yes) (baseline) NE NE NE 
Rheumatoid Arthritis (yes) (baseline) 2.59 0.49-13.79 0.264 
Respiratory Diseases (yes) (baseline) 0.64 0.071-5.77 0.692 
Liver Diseases (yes) (baseline) NE NE NE 
Cardiovascular Diseases (yes) (baseline) 0.46 0.04-5.34 0.538 
Gastrointestinal Disorders (yes) (baseline) 1.38 0.27-7.15 0.699 
Kidney Diseases (yes) (baseline) 1.19 0.86-16.35 0.899 
Thyroid Disorders (yes) (baseline) 2.26 0.51-10.08 0.285 
Cataract (yes) (baseline) 1.67 0.37-7.55 0.507 
Other Medical Diseases (yes) (baseline) 0.58 0.7-5.01 0.618 
Sars-CoV 2 History (yes) (follow-up) 0.78 0.20-3.03 0.725 
Covid-19 History (yes) (follow-up) 0.53 0.13-2.20 0.383 
Sars-CoV 2 vaccine (yes) (follow-up) NE NE NE 
At least one systemic disease (yes) (baseline) 0.39 0.73-2.07 0.269 



 
 

159 

Number of systemic diseases (each unit increase) (baseline) 1.12 0.86-1.45 0.394 
Smoking (baseline)    

Non-smokers Ref Ref Ref 
Current smokers 4.48 1.05-19.10 0.043 

Sleep Duration (baseline)    
<7 hours 1.97 0.56-6.95 0.290 
7-8 hours Ref Ref Ref 
>7 hours 50.91 1.46-1770.05 0.030 

Regular Moderate (≥3 times/week ≥20 minutes) Physical 
Activity (baseline) 1.35 0.23-7.94 0.741 

Stress (baseline)    
Absolutely nothing Ref Ref Ref 
Mild / Moderate 0.64 0.13-3.14 0.581 
High 0.97 0.11-8.77 0.979 

Coffee Consumption (yes) (baseline) 1.73 0.31-9.57 0.529 
Alcohol Consumption (baseline)    

Never Ref Ref Ref 
Less than 2 times/week 0.24 0.60-0.94 0.040 
Almost everyday  0.46 0.07-3.17 0.432 
1/day 0.24 0.25-2.32 0.217 
2 or more times/day NE NE NE 

Alcohol Consumption (yes) (baseline)    
Never Ref Ref Ref 
At least sometimes 0.26 0.78-0.88 0.030 

Bisphosphonates (yes) (baseline) 0.04 0.01-0.12 0.000 
Corticosteroids (yes) (baseline) 0.84 0.04-19.18 0.911 
NSAIDs (yes) (baseline) 0.50 0.03-9.98 0.652 
Antiplatelet (yes) (baseline) 2.14 0.20-22.60 0.528 
Anticoagulant (yes) (baseline) 2.13 0.20-22.60 0.528 
Hypolipidemic agent (yes) (baseline) 2.33 0.56-9.70 0.244 
Antidepressant (yes) (baseline) 2.21 0.43-11.38 0.341 
Proton Pump Inhibitor (yes) (baseline) 1.91 0.13-27.02 0.633 
Vitamin D (yes) (baseline) 0.04 0.02-0.12 0.000 
Calcium (yes) (baseline) 2.82 0.45-17.82 0.446 
Thyroid Drug (yes) (baseline) 2.49 0.55-11.28 0.236 
Immunosuppressant (yes) (baseline) 0.41 0.01-0.12 0.000 
Insulin (yes) (baseline) 3.02 0.22-40.70 0.406 
Oral Hypoglycemic Agent (yes) (baseline) 1.31 0.18-9.57 0.790 
Other Anti-diabetic Drug (yes) (baseline) NE NE NE 
Beta-blockers (yes) (baseline) 1.48 0.13-16.75 0.750 
Diuretics (yes) (baseline) 0.92 0.09-9.36 0.944 
ACE Inhibitors (yes) (baseline) 1.56 0.21-11.65 0.666 
Other Antihypertensive Drugs (yes) (baseline) NE NE NE 
Other Drugs (yes) (baseline) 1.00 0.24-4.11 0.996 
Number of medications (each unit increase) (baseline) 1.18 0.86-1.61 0.312 
Supplements (yes) (baseline) 1.58 0.34-7.33 0.561 
Periodontal Status (AAP) (baseline)    

No/Mild Periodontitis Ref Ref Ref 
Moderate/Severe Periodontitis 0.80 1.78-3.60 0.771 
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Footnote: 
CI, confidence interval; FI, furcation involvement; NE, not estimable; FMBS, full mouth bleeding score; 
FMPS, full mouth plaque score; OR, odds ratio; PD, probing pocket depth; Ref, reference category. 
* self-reported history or medication 
P<0.10 are reported in bold 
	 	

Edentulous 0.58 0.04-8.33 0.686 
Periodontal status (2017 WWP) (baseline)    

No periodontitis or SI-III periodontitis Ref Ref Ref 
Stage 4 periodontitis 9.08 2.58-31.92 0.001 
Edentulous 1.42 0.19-10.69 0.736 

Number of Remaining Teeth (each unit increase) (baseline)  0.91 0.83-0.99 0.044 
Number of Remaining Teeth (≥16) (baseline) 9.68 2.56-36.57 0.001 
Number of Dental Implants (each unit increase) (baseline) 1.24 0.95-1.63 0.120 
Number of Dental Implants (≥4) (baseline) 4.14 0.63-27.06 0.139 
History of Orthodontic Treatment (yes) (baseline) 1.20 0.30-4.75 0.795 
Toothbrushing Frequency (baseline)    

Not everyday  NE NE NE 
1 time/day 1.68 0.22-12.89 0.615 
2 times/day 1.24 0.30-5.09 0.766 
3 or more times/day Ref Ref Ref 

Electric Toothbrush (yes) (baseline) 4.68 1.00-21.96 0.050 
Interproximal Flossing/Brushing on Implants (at least on some 
implants) (baseline) 4.59 0.31-67.48 0.267 

Bruxism Signs (yes) (baseline) 1.19 0.29-4.80 0.809 
Bruxism Symptoms (yes) (baseline) 2.03 0.46-8.92 0.346 
Dry Mouth (yes) (baseline) 2.50 0.66-9.51 0.177 
Number of maintenances between baseline and follow-up 
(each unit increase) (follow up) 1.15 0.70-1.87 0.584 

Regular maintenance between baseline and follow-up (≥1 per 
year) (follow up) 0.75 0.11-5.12 0.768 

FMPS, excluding implants (each unit increase) (follow-up) 1.01 0.95-1.06 0.810 
FMBS, excluding implants (each unit increase) (follow-up) 1.00 0.94-1.06 0.997 
Number PD≥4mm, excluding implants (each unit increase) 
(follow-up) 1.00 0.95-1.06 0.885 

Number PD≥5mm, excluding implants (each unit increase) 
(follow-up) 1.04 0.95-1.13 0.403 

Number PD≥6mm, excluding implants (each unit increase) 
(follow-up) 1.10 0.96-1.26 0.181 

Number FI ≥ 2 (each unit increase) (follow-up) 1.16 0.75-1.77 0.509 

Periodontal bone loss/age ratio (each unit increase) (follow-up) 12.58 0.94-167.61 0.055 

Allergies (yes) (baseline) 2.32 0.52-10.26 0.268 
Chemotherapy (yes) (baseline) 5.58 0.14-229.47 0.365 
Radiotherapy (yes) (baseline) NE NE NE 
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Appendix Table 5. Implant-level risk/protective indicators associated with incidence of 

peri-implantitis during follow-up: multilevel simple logistic regression analysis. 

Variable OR 95% CI p-value 

Jaw (maxilla) (baseline) 1.47 0.53-4.06 0.454 
Position (baseline)    

Anterior (canine-canine) Ref Ref Ref 
Posterior 0.61 0.17-2.23 0.434 

Side (left) (baseline) 1.70 0.68-4.26 0.261 
Replaced tooth (baseline)    

Molar Ref Ref Ref 
Premolar 1.06 0.37-3.00 0.914 
Canine NE NE NE 
Incisor 5.48 1.07-28.04 0.041 

Mouth zone (baseline)    
Posterior Maxilla Ref Ref Ref 
Anterior Maxilla 1.04 0.18-6.13 0.963 
Posterior Mandible 1.27 0.41-3.87 0.679 
Anterior Mandible 4.25 0.66-27.54 0.129 

Implant Brand (baseline)    
Straumann Ref Ref Ref 
Nobel Biocare 2.56 0.43-15.27 0.304 
AstraTech 2.11 0.47-9,53 0.332 
Other 1.10 0.26-4.73 0.894 

Implant Collar (baseline)    
0 mm Ref Ref Ref 
≤ 1.5 mm 0.61 0.50-7.36 0.693 
> 1.5 mm 0.68 0.19-2.45 0.560 

Implant length (each mm increase) (baseline) 0.94 0.68-1.30 0.690 
Implant diameter (each mm increase) (baseline) 0.35 0.08-1.43 0.143 
At Least One adjacent Tooth (yes) (baseline) 0.30 0.11-0.82 0.019 
Reason of Tooth Loss (baseline)    

Caries Ref Ref Ref 
Periodontitis 1.19 0.31-4.57 0.803 
Trauma NE NE NE 
Agenesia NE NE NE 
Other reason/Unknown NE NE NE 

Keratinized Tissue Height (baseline)    
KTH=0 mm Ref Ref Ref 
>0 mm & <=2mm  0.38 0.10-1.43 0.153 
KTH>2mm 1.02 0.25-4.12 0.983 

Adherent mucosa (yes) (baseline) 1.22 0.42-3.58 0.715 
Tissue Thickness (mm) (baseline) 0.79 0.38-1.67 0.536 
Peri-implant phenotype (thick) (baseline) 0.83 0.30-2.28 0.711 
Mucosal Margin Mobility (yes) (baseline) 0.60 0.20-1.83 0.370 
Type of Restoration (baseline)    

Single crown Ref Ref Ref 
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Footnote:  
OR, odds ratio; CI, confidence interval; Ref, reference category; KTH, Keratinized Tissue Height. 
P<0.10 are reported in bold 

 

Bridge 3.06 0.83-11.27 0.093 
Overdenture NE NE NE 
Full-arch fixed restoration 12.48 1.13-137.67 0.039 

Restoration Retention (baseline)    
Screw-Retained   Ref Ref Ref 
Cemented 0.68 0.21-2.19 0.520 
Locator NE NE NE 
Bar NE NE NE 

Prosthesis Gap (yes) (baseline) 1.31 0.46-3.71 0.607 
Prosthesis Step (yes) (baseline) 2.25 0.80-6.35 0.126 
Emergence Angle (Highest) (each degree increase) (baseline) 1.01 0.98-1.03 0.707 
Emergence Angle (Highest) (>30°) (baseline) 1.74 0.58-5.24 0.322 
Emergence Profile (Worst) (baseline)    

Concave NE NE NE 
Straight Ref Ref Ref 
Convex  0.67 0.23-1.92 0.458 

Mesial Cantilever (yes) (baseline) 1.23 0.38-3.94 0.726 
Distal Cantilever (yes) (baseline) 0.52 0.12-2.24 0.377 
Prosthesis Mobility (yes) (baseline) 0.52 0.05-5.93 0.601 
Abutment (yes) (baseline) 2.51 0.86-7.32 0.093 
Platform Switching (yes) (baseline) 1.13 0.31-4.09 0.854 
Crown Dimension (each mm increase) (baseline) 0.97 0.77-1.23 0.805 
Crown to Implant Ratio (each mm increase) (baseline) 0.65 0.09-4.72 0.675 
Residual Cement Visible on Radiograph (yes) (baseline) NE NE NE 
Clinical Signs of Occlusal Overloading (yes) (baseline) 1.16 0.37-3.59 0.799 
Prosthetic design allowing access to hygiene (yes) (baseline) 0.21 0.059-0.73 0.014 

Restoration margin location (follow-up)    

Sub-marginal Ref Ref Ref 
Supra-marginal 0.61 0.063-5.81 0.664 
Juxta-marginal 2.87 0.87-9.48 0.085 

Vestibular-Lingual Position (baseline)    
Correct Ref Ref Ref 
Too vestibular 4.12 0.87-19.49 0.074 
Too lingual NE NE NE 

Plaque (baseline)    
0-5 sites/implant Ref Ref Ref 
6 sites/implant 6.04 1.64-22.18 0.007 

Peri-implant health status (baseline)    
Peri-implant health Ref Ref Ref 

Peri-implant mucositis 1.76 0.16-19.82 0.646 

Pre-peri-implantitis 1.08 0.94-12.58 0.946 
Peri-implantitis 2.34 0.20-27.13 0.498 
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