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Lo scienziato non è l’uomo che fornisce le vere risposte;
è quello che pone le vere domande.

(Claude Lévi-Strauss)
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LA RICERCA SCIENTIFICA RAPPRESENTA LA CHIAVE DI VOLTA PER OTTENERE 
NUOVA CONOSCENZA E NUOVO SAPERE E, DI CONSEGUENZA, POTER 
DETERMINARE STILI DI VITA MIGLIORI PER GLI INDIVIDUI E LA SOCIETÀ.

In ambito medico e scientifico numerose sono le ricerche che da questo punto di vista hanno segnato svolte epocali per la 
vita dell’uomo, generando quel progresso tecnico, scientifico e sociale che è alla base di ogni cultura e Paese moderno.

La moderna Odontoiatria è caratterizzata da un forte dinamismo, che negli ultimi decenni ha visto come disciplina 
tra le più attive l’Implantologia e l’Implantoprotesi: discipline che partendo dall’esperienza dei singoli clinici, si sono 
evolute verso un livello di evidenza scientifica tale da permettere percentuali elevatissime di predicibilità del risultato.

Questo processo ha condotto ad un sensibile miglioramento della qualità di vita dei pazienti sottoposti a riabilitazioni 
implantosupportate, secondo un principio generale impostosi nell’attualità di sostenibilità economica, sia in termini biologici, 
che di tempo e di costo.

Il presente volume di raccolta Bibliografica del Sistema Implantare WINSIX® è la testimonianza dell’interesse e 
dell’impegno di Università, Centri di Ricerca e valenti Professionisti in ambito odontoiatrico e maxillo-facciale, che con il loro 
contributo hanno partecipato allo sviluppo e attuazione di progetti e innovazioni. Dal 1995, attraverso la messa in pratica del 
principio di translational research, il SISTEMA IMPLANTARE WINSIX® è diventato la realtà che è oggi, utilizzata da migliaia di 
Odontoiatri con convinzione e soddisfazione per gli esiti implantoprotesici che con esso ottengono.  

SCIENTIFIC RESEARCH CONSTITUES THE TURNING POINT TO OBTAIN NEW 
ACQUAINTANCE AND NEW KNOWLEDGE AND AS A CONSEQUENCE, TO SET 
BETTER STANDARDS OF LIFE FOR PEOPLE AND THE SOCIETY.

In the medical and scientific fields numerous have been researches which – in this respect – have marked historical turning 
points for human life, generating that technical, scientific and social progress which lies at the very basis of every culture 
and of every modern Country.

Modern Dentistry is characterized by a strong dynamism, where Implant dentistry and implant prosthetic are among 
the most active disciplines over the last 10 years: disciplines which starting from the experiences of clinics, have evolved 
toward such a high level of scientific evidence to reach statistics showing extremely high percentage in the predictability 
of results.

This process has led to a sensitive improvement of the patients’ quality of life when undergoing implant supported 
rehabilitations, according to a general and actual idea of economic sustainability, both in biological terms and in due time 
and costs.

This volume of WINSIX® Implant System Bibliography witnesses the interest and commitment of Universities, Research 
Centres and worthy Dentists operating in dental and maxillofacial fields, whose contribution has been meaningful for the 
development and application of projects and innovations. Since 1995, by the implementation of translational research 
principles, WINSIX® Implant System has become the solid reality of today, used by thousand of convinced and satisfied 
dentists, due to the prosthetic implant results obtained by its use.
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I PRINCIPI DI RICERCA BIOSAFIN

L’attività di ricerca condotta da BIOSAFIN è da sempre basata su una rigorosa applicazione nei tre ambiti 
dell’evidenza scientifica:

- esperimenti in vitro: funzionale allo studio di base dei materiali e delle nuove tecnologie mediante modelli sperimentali 
ben descritti in colture cellulari o analisi diretta dei materiali (ad es. SEM, biologia molecolare, altri…);

- esperimenti in vivo su modello animale: funzionale alle prime applicazioni cliniche di nuovi dispositivi, 
simulando il microambiente orale del paziente. A questo scopo vengono utilizzati modelli animali con 
caratteristiche biologiche quanto più simili a quelle dell’uomo, sia in termini anatomici che genetici;

- evidenze cliniche: l’applicazione clinica di protocolli sperimentali su popolazioni di pazienti sempre più vaste, 
secondo i criteri dei clinical trials al fine di ottenere risultati affidabili ed evidence based.

Dal 1995 la ricerca inerente il Sistema Implantare WINSIX® ha investito tutti i suoi aspetti e applicazioni, implementando 
tutte le variabili:
- effettuati numerosi studi in vitro con utilizzo del microscopio elettronico a scansione (SEM) per lo studio delle 

superfici implantari e delle cellule del tessuto osseo a contatto con esse, a cui sono seguiti studi di biologia 
molecolare

- pubblicazione degli studi e ricerche effettuati in riviste peer-reviewed e impact factor, ed in riviste con diffusione 
capillare negli studi odontoiatrici

- presentazione e discussione degli studi e ricerche in ambito collegiale di congressi scientifici e poster session

La strada evolutiva percorsa dal Sistema WINSIX® che possiamo leggere attraverso le oltre 300 pubblicazioni costituisce 
un contributo significativo al progresso tecnologico-scientifico della disciplina dell’implantologia orale.

BIOSAF IN RESEARCH PRINCIPLES

Right from the start, research activity at BIOSAFIN is based on its strict application in the 3 fields defining 
scientific evidence:

- in vitro trialsin vitro trials: functional to the study of materials and new technologies, by means of carefully described 
experimental models in cellular coltures or direct analysis of materials (e.g. SEM, molecular biology, others…);

- in vivo trials using animal modelin vivo trials using animal model: functional to the first clinical application of new devices, by simulation of 
patient oral microenvironment. For this purpose, animal models are used with biological characteristics as close 
as possible to the human ones, in terms both anatomical and genetic;

- clinical evidenceclinical evidence: clinical application of experimental protocols on growing groups of patient population, 
according to clinical trials criteria, in order to obtain reliable and evidence based results.

Since 1995, the research related to WINSIX® Implant System has covered all its aspects and applications, deploying 
all variables. Specifically:
- several in vitro studies, using scanning electron microscope (SEM) functional to study implant surfaces and 

bone tissue cells in contact with them, followed by molecular biological studies;
- publication of studies and researches in peer-reviewed and impact factor journals, and in wide-spread and 

popular journals among dental offices;
- presentation and discussion of studies and researches in scientific congresses and poster sessions.

The WINSIX® System evolutionary path that we can read through the over 300 publications, constitutes a 
significant contribute to the scientific and technological progress of implant dentistry discipline.
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METODI E RISULTATI

Ricerca e Sviluppo sono stati condotti partendo dalla base di protocolli operativi tradizionali e già ampiamente 
accreditati dalla comunità scientifica (con posizionamento di impianti in osso guarito e con carico differito), 
spingendosi verso la possibilità di avere dei dati ben valutabili a livello di impianti in siti post-estrattivi ed in siti 
rigenerati con osso autologo o con biomateriali, associati o meno a procedure di carico immediato, riabilitazioni 
minimamente invasive in pazienti edentuli.
Lo sviluppo della componentistica chirurgica e protesica è avvenuto in stretta collaborazione con le più importanti 
cliniche universitarie, tra cui prioritario il Dipartimento di Odontoiatria dell’Ospedale San Raffaele di Milano. Qui la 
collaborazione in ambito clinico e di ricerca consente di presentare oggi i dati sistematicamente raccolti di 16 anni 
di follow-up in riabilitazioni implantoprotesiche su Sistema Implantare WINSIX®, con la messa a punto di protocolli 
sperimentati e collaudati.
Le riabilitazioni secondo il protocollo JUST ON 4/6® presentano oggi una casistica prospettica a 11 anni con per-
centuali di successo implantare e soddisfazione dei pazienti al 98,44%.
La ricerca WINSIX® si è spinta fino al trattamento di pazienti con particolari necessità, quali i soggetti HIV - (pa-
zienti HIV tra i più significativi per il maggior rischio infettivo e la difficoltà di compliance) - ed in soggetti in 
esiti di neoplasie del distretto cervico facciale, dove vanta una casistica tra le più significative relativamente alla 
riabilitazione implantoprotesica tradizionale ed al carico immediato.
La casistica di applicazione del protocollo JUST ON 4/6® attualmente in essere in pazienti HIV, costituisce un am-
bito di ricerca assoluto sul piano internazionale. 
Attualmente allo studio un impianto dedicato alle riabilitazioni protesiche extraorali ed epitesi facciali.
L’evidenza scientifica è stata raggiunta nello studio della CHIRURGIA PIEZOELETTRICA, anche in questo caso nei 
tre step della ricerca: in vitro, su animale e in vivo su paziente.
Per quanto riguarda il SOSTITUTIVO OSSEO BIOBONE l’analisi, oltre ad essere stata condotta in modo completo, è 
stata a associata a tecniche di biologia molecolare per lo studio della guarigione del tessuto osseo.

UN PASSO AVANTI

L’importanza di perseguire standard scientifici in linea con i principi dell’evidenza scientifica presenta fondamentali 
risvolti clinici che impattano sull’attività quotidiana dell’odontoiatra in studio: la disponibilità di protocolli, materiali e 
tecnologie accuratamente testati e validati consente di disporre di strumenti fondamentali per il benessere clinico e 
socio-psicologico dei pazienti edentuli, contribuendo in modo significativo al miglioramento della loro salute e benessere 
generale. 
Le pagine che seguono sono la testimonianza dello straordinario potenziale WINSIX®, intrinseco di innovazione, attraver-
so l’applicazione tecnologica e organizzata delle scoperte scientifiche che costantemente viene condotta.
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METHODS AND RESULTS

Research and development have been conducted on the basis of traditional operative protocols, already validated 
by the scientific community, in cases of late implant insertion in healed bone and in cases of delayed loading. The 
scope was to fill aut data concerning both implant insertion in post extractive sites, and regenerated sites by use 
of autologous bone or biomaterials, combined or not with immediate loading procedures and minimally invasive 
rehabilitations in totally edentulous patients.
The development of surgical and prosthetic components was done in close cooperation with the most relevant 
university clinics, among which the San Raffaele Hospital Department of Dentistry in Milan is prior.
In this case, cooperation in clinical and research phases, allows today to present data systematically collected 
throughout 16 years follow-up in prosthetic rehabilitations on WINSIX® Implant System, with finalization of 
experimented and validated protocols.
Rehabilitation case history according to JUST ON 4/6® protocol, shows today a 11 years prospective study, with 
implant success rate and patient satisfaction up to 98,44%.
WINSIX® research was led up to the treatment of patients with special needs, such as HIV subjects (HIV patients 
are specially meaningful because of the increased infective risk and difficulty in compliance) and in subjects in 
response to head and neck district neoplasm. In such cases WINSIX® shows one of the most relevant case history 
concerning traditional implant-prosthetic rehabilitation and immediate loading.
JUST ON 4/6® application case history is actually into being in HIV patients and constitutes an exclusive research 
field internationally. 
At the moment, a new implant dedicated to extra oral prosthetic rehabilitations and to facial epitheses is being 
studied.
Scientific evidence has been reached in the study of PIEZOELECTRIC SURGERY, and also thanks to research conducted 
as always in 3 steps: in vitro, in vivo trials using animal model, in clinical evidence.
As far as BIOBONE BONE SUBSTITUTE, the analysis was fully carried out. Moreover, it was associated to molecular 
biology techniques relative to the study of bone tissue healing.

ONE STEP FORWARD

The importance to pursue top scientific standards according to scientific evidence principles carries fundamental clinical 
implications, acting directly on the daily dental office activity. The availability of protocols, materials and technologies 
carefully tested and validated, offers the use of fundamental instruments for the clinical and socio-psychological status 
of edentulous patients, so contributing to the  improvement of their health and general comfort.
The following pages witness the extraordinary WINSIX® potential, inherent of innovation, through the organized and 
technological application of scientific discoveries which is daily prosecuted.
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DOPPIO PERCORSO DI QUALITA’
BIOSAFIN persegue criteri di qualità Aziendale e di Prodotto. A questo scopo, il solido background scientifico ed il 
rigore della ricerca condotta creano le premesse per l’ottenimento delle relative certificazioni:
ISO 9001: pertinente ai processi di lavoro aziendali a 360°
ISO 13485: pertinente in modo specifico alla qualità dei dispositivi medici. 

SVILUPPO COERENTE E ORGANICO DEL SISTEMA IMPLANTARE WINSIX®

Lo sviluppo dei dispositivi WINSIX® tiene conto e si basa sull’osservazione delle evoluzioni socio-sanitarie della 
popolazione. 
Innovazione e tecnologia vengono perseguite mantenendo criteri di coerenza con la produzione precedente, evi-
tando così al Team odontoiatrico impegnativi cambiamenti di iter operativi o dispendiose sostituzioni di materiali, 
consentendo al contempo di offrire prestazioni e terapie all’avanguardia.

CERTIFICAZIONI AZIENDALI
Il mantenimento dei parametri qualitativi richiesti dalle Certificazioni viene periodicamente esaminato e rivalutato 
secondo le normative. 

ASSICURAZIONI
I dispositivi del Sistema Implantare WINSIX® beneficiano delle assicurazioni RCT (Responsabilità civile Conto Terzi) 
e RCP (Responsabilità civile). 

TUTELA INTERNAZIONALE DEL BRAND WINSIX®

WINSIX® è un marchio registrato e il Sistema Implantare gode di diversi brevetti. 

THE COMPANY DOUBLE QUALITY SYSTEM
BIOSAFIN production and management comply with Quality policy. For this purpose, the solid scientific background 
ad strict research criteria create the conditions for the obtaining of relative certifications.
ISO 9001: which certifies the whole work process at 360°
ISO 13485: relates specifically to the Quality of the Medical Devices

WINSIX® IMPLANT SYSTEM COHERENT AND LINEAR DEVELOPMENT
Development of WINSIX® devices takes into consideration and is based on the observation of the population 
social and health evolution.
Innovation and technology are pursued observing coherence with the previous product lines, so avoiding the 
operative Team demanding changes in operative sequences and costly substitution of materials. At the same time 
this makes possible to offer updated performances and therapies.

COMPANY CERTIFICATIONS
Quality compliance to the Certifications required parameters undergoes periodical tests, according to specific 
regulations themselves.

INSURANCES
WINSIX® Implant System enjoyes civil and third parties liability insurance (RCP + RCT).

INTERNATIONAL WINSIX® BRAND PROTECTION
WINSIX® Implant System is a registered brand and enjoys various patents.
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BREVETTI:
PATENTS:

1995 WINSIX®

1998 Free Tense System®

2001 Bioactive Covering®

2001 Free Lock®

2007 Full Contact Covering FCC®

2009 Flat Shift System®

2009 Micro Rough Surface MRS® 

2010 Extreme Abutment®

2010 Teeth Just On 4® 
2010 Teeth Just On 6®

2010 Torque Type®

2011 Clip Abutment Bar CAB®

2012 WINClinic® 
2013 WINPeek® Abutment
2016 Extreme Abutment 
 Multifunctional®

2016 Linea KAPPA® 

2019 Linea SLIM®

2020 Linea KE® 

2020 Moncone TRUMPET®

2021 Linea K25® 

MARCHI REGISTRATI:
REGISTERED TRADEMARKS

2009 BioBone®

2009 Easy Surgery® 
2015 Easy Weld® 
2015 Easy Light® 
2015 Easy Physio®

2017 BiAligner®

2020 BIOSAFIN CREA®

2022 GUIDED SURGERY®

CAB - Clip Abutment Bar
International and European Patent

Brevetto Internazionale ed Europeo:
PCT/EP2011/072448
EP Patent n.11425032.7

Moncone TRUMPET
TRUMPET Abutment

EP Patent n.3424460

CERTIFICAZIONI PRODOTTO 
PRODUCT CERTIFICATIONS
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Riabilitazione mascellare
e mandibolare completa a 
carico immediato su quattro 
impianti in età avanzata: 
studio retrospettivo
follow-up a 8 anni

SCOPO DEL LAVORO

L’obiettivo del presente studio è quello 
di valutare che effetto abbia l’età sulla 
sopravvivenza implantare in pazienti 
che hanno effettuato delle riabilitazio-
ni implantoprotesiche con quattro im-
pianti (in mandibola o nel mascellare 
superiore) a carico immediato con fol-
low up a 8 anni.

MATERIALI E METODI

Sono stati inseriti nel protocollo pa-
zienti che necessitavano di una riabi-
litazione implantoprotesica supporta-
ta da quattro impianti con età pari o 
superiore a 70 anni.
Sono stati analizzati come parametri 
la percentuale di sopravvivenza im-
plantare e le complicanze protesiche. 
Tutti i pazienti sono stati inseriti in un 
protocollo di igiene professionale.

RISULTATI

Sono stati inclusi nello studio 12 pa-
zienti per un totale di 48 impianti. In un 
solo caso è stata riscontrata una man-
canza di osteointegrazione ed è stato 
registrato come fallimento implantare. 
La percentuale totale di sopravvivenza 
implantare è stata del 97,91%.
Si è verifica una sola frattura protesica 
nell’arcata provvisoria e due chipping 
della protesi definitiva.

CONCLUSIONI

Nel corso degli 8 anni di follow-up la 
sopravvivenza implantare in pazienti 
con età maggiore o uguale a 70 anni si 
è dimostrata in linea con la letteratura.
Questo protocollo, quindi, risulta es-
sere un’opzione terapeutica anche per 
pazienti più anziani con età superiore 
a 70 anni.

INTRODUZIONE

Secondo i dati Istat, in Italia, un quarto 
della popolazione è rappresentata da ul-
trasessantacinquenni e, nel 2050, gli an-
ziani over 65 saranno 20 milioni di per-
sone, ovvero un terzo della popolazione e 
di questi, 4 milioni avranno più di 85 an-
ni. Ciò determina un inevitabile cambia-
mento delle esigenze della popolazione, 
soprattutto di quella più anziana. L’in-
vecchiamento fisiologico comporta an-
che la perdita degli elementi dentali e 
questo impatta negativamente sulla qua-
lità della vita.
Gli impianti endossei come opzione tera-
peutica risultano quindi essere una ne-
cessità crescente a causa della maggior 
longevità della popolazione (1).  
La letteratura non è però univoca nel va-
lutare la correlazione tra l’osteointegra-
zione degli impianti e l’avanzamento 
anagrafico.
Lo studio Cáceres M. et al. ha esami-

Martina Longoni*, Luisa Paternoster*,

Tanya Arduini*, Greta Toma*, Lorenzo Franceschi*

*
Odontoiatra, Dipartimento di Odontoiatria, IRCSS 
Ospedale San Raffaele, Milano (Direttore prof. E. 
Gherlone)

PAROLE CHIAVE

Sopravvivenza implantare in pazienti in età 

avanzata, carico immediato, riabilitazioni in 

mascellare edentulo
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nato le risposte cellulari associate alla 
guarigione delle ferite gengivali nell'in-
vecchiamento, affermando che la mi-
grazione cellulare, la differenziazio-
ne miofibroblastica, il rimodellamento 
di collagene e la proliferazione sono di-
minuiti nei fibroblasti invecchiati. Inol-
tre, la migrazione cellulare alterata nella 
guarigione delle ferite può essere attri-
buibile non solo a difetti cellulari ma an-
che a cambiamenti nei fattori sierici as-
sociati al processo di senescenza (2).  
Invece, secondo altri autori, sembra esse-
re di più la struttura protesica a influen-
zare negativamente l'osteointegrazione a 
lungo termine e non il processo di invec-
chiamento stesso che, secondo Bertl et 
al., non sembra compromettere l’osteoin-
tegrazione se non in stati avanzati (3, 4).  
Anche in una revisione di Srinivasan et 
al. è riportato un tasso di sopravviven-
za implantare di 97.7% nella popolazione 
più anziana (5), così come altri studi evi-
denziano che non ci sono differenze sta-
tisticamente significative (6).  
Tuttavia, le riabilitazioni implantoprote-
siche sono considerate un’opzione tera-
peutica altamente predicibile e soddisfa-
cente in pazienti edentuli (7).  

MATERIALI E METODI

Selezione del paziente
Sono stati inclusi nel presente studio tut-
ti quei pazienti che necessitavano di una 
riabilitazione full-arch sia in mandibo-
la che in mascella e rientrassero nei se-
guenti criteri:
• edentulismo totale o parziale (con 

elementi dentali definiti hopless);
• grave atrofia mascellare/mandibo-

lare posteriore causata da riassorbi-
mento osseo orizzontale e verticale;

• volume osseo mascellare/mandibola-
re anteriore adeguato; 

• età ≥70 anni;
• tutti i pazienti dovevano essere in-

dipendenti nelle attività quotidiane, 
comprendere le tecniche di igiene 
domestica, mantenere l'igiene profes-
sionale nel tempo.

stati posizionati con un angolo di circa 
25-30 gradi rispetto al piano occlusale, 
emergendo in corrispondenza del secon-
do premolare per ridurre la lunghezza 
del cantilever e mantenere un'adegua-
ta distanza inter-impianto. I due impian-
ti anteriori invece sono stati posizionati 
assialmente.
L'inserimento dell'impianto ha seguito le 
procedure standard (Winsix®, Biosafin) 
ottenendo un torque di inserzione com-
preso tra 30 e 40 N-cm in modo da ot-
tenere un'elevata stabilità primaria e po-
terli protesizzare immediatamente.
Per poter raggiungere l’emergenza pro-
tesica desiderata sono stati inseriti de-
gli abutment angolati (Extreme Abut-
ment, EA® WinSix, BioSAFin). Infine, è 
stato riposizionato il lembo mediante su-
ture riassorbibili 4/0 (Vicryl; Ethicon®, 
Johnson & Johnson, New Brunswick, NJ, 
USA).
Infine, è stata consegnata al paziente la 
protesi provvisoria entro le 24h dal posi-
zionamento implantare.

Follow-up
Le visite di follow-up sono state esegui-
te a 3 e 6 mesi e poi annualmente fino 
al follow-up di 8 anni dopo l'inserimen-
to dell'impianto. Ogni 6 mesi dopo il po-
sizionamento dell'impianto, un igienista 
dentale ha eseguito procedure di igiene 
orale e registrato i parametri clinici, in-
clusi l'indice di sanguinamento, l'indice 
di placca e la profondità di sondaggio in-
torno agli impianti.

RISULTATI

Sono stati inclusi nello studio 12 pazien-
ti per un totale di 48 impianti. 
In un solo caso è stata riscontrata una 
mancanza di osteointegrazione dopo 2 
mesi dalla chirurgia ed è stato registrato 
come fallimento implantare. La percen-
tuale totale di sopravvivenza implantare 
è stata del 97,91%.
Per quanto concerne le complicanze 
protesiche, invece, si è verifica una so-
la frattura protesica nell’arcata prov-

Criteri di esclusione
• Scarsa igiene orale
• Immunosoppressione
• Diabete incontrollato
• Terapia attiva con bifosfonati
• Fumo (> 20 sigarette/giorno)
• Radioterapia alla testa e al collo entro 

5 anni
• Abitudini parafunzionali (bruxismo, 

serramento)
• Infezione attiva nell'area di posizio-

namento dell'impianto proposto.

Tutti i pazienti sono stati valutati radio-
graficamente attraverso un’ortopanto-
mografia e tomografia computerizzata 
cone beam (CBCT) per valutare il volu-
me osseo residuo.
Ogni paziente dello studio ha ricevuto 
una spiegazione dettagliata delle varie 
alternative terapeutiche disponibili per 
la riabilitazione mascellare e mandibola-
re e un'attenta analisi rischio-beneficio 
per ciascuna strategia.
Successivamente, da ciascun paziente 
è stato ottenuto un dettagliato consen-
so informato scritto per questo protocol-
lo terapeutico con il dettaglio delle varie 
fasi chirurgiche e protesiche, a segui-
to del quale sono state prese le impron-
te convenzionali per i modelli di studio e 
le protesi provvisorie.

Protocollo 
Tutte le chirurgie sono state eseguite 
da un solo operatore. Il giorno della chi-
rurgia al paziente è stata somministra-
ta 1 ora prima dell’intervento la profilas-
si antibiotica (2 g di amoxicillina + acido 
clavulanico; oppure in soggetti allergici 
500 mg di claritromicina).
In seguito ad anestesia locale (opticai-
na 20 mg/ml con adrenalina 1:80000) è 
stata eseguita un’incisione in cresta con 
due incisioni di scarico distali in modo 
da poter elevare un lembo a tutto spes-
sore. Successivamente è stata effettua-
ta un’osteoplastica per regolarizzare la 
cresta e sono stati inseriti quattro im-
pianti (TTx, WinSix®, BioSAFin, Anco-
na, Italia). I due impianti posteriori sono 
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visoria e due chipping della protesi 
definitiva.

DISCUSSIONE

Questo studio, confrontando i dati in let-
teratura, non riporta differenze legate 
all'età nella sopravvivenza dell'impianto 
durante il follow-up di 8 anni in 12 pa-
zienti che hanno ricevuto riabilitazione 
implantoprotesiche con carico immedia-
to di 4 impianti. In letteratura non so-
no presenti molti dati riguardanti le ri-
abilitazioni dell’intera arcata con carico 
immediato in una popolazione anziana 
(>70 anni) nonostante questa metodolo-
gia riabilitativa sia ampiamente accetta-
ta dalla letteratura scientifica (8).  
Il presente studio ha mostrato che la ria-
bilitazione fissa a carico immediato, me-
diante il posizionamento di due impianti 
anteriori assiali e due posteriori inclina-
ti, è una procedura adeguata, riportando 
un tasso di sopravvivenza totale dell'im-
pianto del 97,91%.
Ci sono due diverse opinioni sulla so-
pravvivenza implantare: Muller et al. 
afferma che la riabilitazione implanta-
re dovrebbe essere limitata ai pazienti 
con una buona igiene orale e senza catti-
ve abitudini (9), così come Gherlone E. F. 
et al. sottolineano l’importanza dell’igie-
ne orale a lungo termine (10). Srinivasan 
et al.  invece sottolineano tutti quei fat-
tori da considerare nei pazienti più an-
ziani, come per esempio la guarigione 
ossea che potrebbe influenzare l'osteoin-
tegrazione e anche il biofilm orale altera-
to nell'invecchiamento.

CONCLUSIONI

La riabilitazione implantoprotesica a 
carico immediato rappresenta una va-
lida opzione terapeutica anche in pa-
zienti con età maggiore di 70 anni. 
Pertanto, sulla base dei risultati di 
questo studio e con i limiti a esso as-
sociati, l'età è considerata solo una va-
riabile secondaria per le riabilitazioni 
full-arch, rispetto allo stato di igiene 

immediate loading, rehabilitations in 
edentulous maxilla
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orale e alle cattive abitudini orali dei 
pazienti. Sono necessari ulteriori stu-
di per valutare con un follow-up più 
lungo il tasso di complicanze. ●

REHABILITATION WITH IMMEDIATE 
LOADING OF FOUR IMPLANTS IN 
ELDERLY PATIENTS: AN 8-YEAR 
RETROSPECTIVE STUDY

Abstract 

Aim of the work
The aim of this study was to evaluate 
in an 8-year follow-up the influence of 
patient’s age on implant survival when 
rehabilitation was performed using four 
immediately loaded dental implants.
 
Materials and methods
Patients aged 70 years or older 
who needed an implant-prosthetic 
rehabilitation supported by four implants 
were included in this study. All patients 
were enrolled in a professional hygiene 
protocol. Implant survival rate and 
prosthetic complications were analyzed. 
 
Results
Twelve patients were included in the 
study and a total of 48 dental implants 
were placed. Lack of osseointegration 
was observed in only one case, which was 
recorded as implant failure. Thus, the 
survival rate was 97.91%. Considering the 
prostheses, one fracture was observed 
in the temporary prosthesis whereas two 
chipping were found in the definitive 
ones. 
 
Conclusions
During this 8-year follow-up, the implant 
survival rate in patients aged 70 years 
or older was in accordance with the 
literature. Based on these results, 
rehabilitation with immediately loaded 
dental implants represents a valuable 
therapeutic option also for older patients.

Keywords
Implant survival rate in elderly patients, 
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Tilted Implants and Sinus Floor Elevation Techniques
Compared in Posterior Edentulous Maxilla: A Retrospective
Clinical Study over Four Years of Follow-Up
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2 Department of Dentistry, IRCCS San Raffaele Hospital, 20132 Milan, Italy
* Correspondence: b.dorto@libero.it

Abstract: The aim of this study was to evaluate the implant survival rate, marginal bone loss, and
surgical and prosthetic complications of implants placed through sinus floor elevation and tilted
implants engaged in basal bone to bypass the maxillary sinus. Sixty patients were enrolled for this
study. According to the residual bone height of the posterior maxilla, the sample was divided into
three groups of 20 patients: Group A (lateral sinus floor elevation), Group B (transcrestal sinus
floor elevation), and Group C (tilted implants employed to bypass the sinus floor). Follow-up visits
were performed one week after surgery, at three and six months, and then once a year for the next
4 years. The outcomes were the implant survival rate, marginal bone loss, and surgical and prosthetic
complications. Although Groups A, B, and C demonstrated implant survival rates of 83.3%, 86.7%,
and 98.3%, respectively, the statistical analysis showed no statistically significant difference between
groups. Statistically significant differences between groups were also not found concerning marginal
bone loss, as recorded by intra-oral X-ray measurements during follow-up examinations. Regarding
complications, it was not possible to perform a statistical analysis. To reduce possible surgical risks,
implant placement in basal bone could be preferred.

Keywords: posterior edentulous maxilla; maxillary sinus; sinus floor elevation; tilted implants

1. Introduction

Fixed rehabilitation of an atrophic maxilla may represent a real challenge for clini-
cians. Following tooth loss, the physiological process of bone resorption is combined with
sinus pneumatization, which often impedes traditional implant placement in posterior
sectors [1–3].

To allow patients to receive fixed rehabilitations, several therapeutic alternatives such
as bone grafting and sinus lift techniques have been proposed to increase residual bone
height; although these procedures have provided good long-term results [4,5], several
complications, including Schneider’s membrane perforation, grafted material infection
and/or resorption, implant dislocation in the maxillary sinus, acute or chronic sinusitis,
alveolo-antral artery injury, and benign paroxysmal vertigo, could occur [6,7].

To avoid these risks and the clinical time required, short [8] and tilted [9] implants
could be considered a viable solution to engage basal bone.

In the choice between categories, considering the micromovements and peri-implant
stresses and strains associated with ultra-short (5 mm length) implants [10,11], tilted im-
plants or sinus floor elevation via a lateral approach is promoted in the case of severe bone
atrophy (less than 5 mm) [12–15], and the transcrestal sinus lift technique is recommended
if the residual bone height is at a minimum of 5 mm [16–18].

Appl. Sci. 2022, 12, 6729. https://doi.org/10.3390/app12136729 https://www.mdpi.com/journal/applsci
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Although tilted implants might be the least risky choice [9], the following prerequisites
should always be provided: adequate bone volume in the retrocanine area for implant
placement at least 10 mm in length and combination with an axial implant [19,20].

In addition, implant placement in basal bone should always be considered in the
presence of any conditions that could represent a possible contraindication to sinus aug-
mentation, such as sinusitis, including allergic rhinitis, polyp, cyst, or tumor in the maxillary
sinus, and a history of sinus surgery [21,22].

The aim of this retrospective clinical study was to evaluate and compare the implant
survival rate (first outcome), marginal bone loss (second outcome), and surgical and
prosthetic complications of implant prosthetic rehabilitation through implants placed via
sinus floor elevation techniques (lateral approach and osteotome-mediated technique) and
tilted implants engaged in basal bone to bypass the maxillary sinus.

2. Materials and Methods
2.1. Patient Selection

This retrospective study was performed at the Department of Dentistry, San Raffaele
Hospital, Milan, Italy. The ethics committee approval number is 190/INT/2021.

The investigation was conducted according to the principles of the Declaration of
Helsinki. STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)
guidelines were followed (http://www.strobe-statement.org/ (accessed 1 on April 2019)).

During the period from January 2015 to April 2019, patients with posterior edentulous
maxilla (Applegate–Kennedy Class I, II, or III [23]) or severe impairment of residual teeth
in the posterior maxilla were consecutively enrolled.

The eligibility criteria were as follows: patients over 18 years old with unilateral
or bilateral partial edentulism of the maxilla, with residual bone height equal to or less
than 6 mm or severe impairment of residual teeth in the posterior maxilla with maximum
residual bone height of 6 mm after the healing period, and requiring fixed prosthetic
rehabilitation to replace three or four teeth.

Patients with immunodeficiency, those with uncontrolled systemic diseases, those
under bisphosphonate therapy or subjected to head and neck radiotherapy less than one
year prior, those having severe malocclusion or parafunction, those unable to adhere to
home and professional hygiene maintenance protocols, and smokers were excluded.

All diagnoses were made clinically and radiographically. The radiographic examina-
tion was conducted at the first level via panoramic radiography and at the second level via
cone beam computed tomography (CBCT) to identify the residual bone height and whether
the patient satisfied the inclusion criteria of the study (residual bone height of 6 mm or
less). According to bone volume, the sample was divided in three groups (Table 1).

Table 1. Sample division according to residual bone height, bone volume in the retrocanine area,
possibility or not of combining a tilted implant with an axial one, and presence or absence of any
contraindication to sinus augmentation.

Group A (Sinus Floor Augmentation
via Lateral Approach)

Group B (Transcrestal
Sinus Floor Elevation)

Group C (One Tilted and
One Axial Implants)

Residual bone height

Less than 5 mm, inadequate bone
volume in the retrocanine area for tilted
implant placement at least 10 mm long,

impossibility of combining a tilted
implant with an axial one and absence

of any contraindication to sinus
augmentation [15–19]

Minimum of 5 mm [20–22]

Less than 7 mm, adequate
bone volume in the

retrocanine area for tilted
implant placement at least
10 mm long, possibility of
combining a tilted implant

with an axial one and
contraindication to sinus

augmentation [18–22]
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Written informed consent for implant prosthetic rehabilitation was obtained from all
patients prior to the beginning of the study, and the local ethical committee approved the
study; professional oral hygiene was provided before surgery.

2.2. Surgical Procedures

Group A: Sinus floor elevation through a Lateral Window Technique
All surgical procedures were performed by the same surgeon with advanced surgical

experience. As for the other surgery types, one hour prior, patients received 2 g amoxicillin
and clavulanic acid, and they received another 1 g twice a day for a week after the surgical
procedure (clarithromycin was prescribed as an alternative in case of allergy, 2 g before
surgery and 1 g twice a day for the following week).

Surgery was performed under anesthesia induced by local infiltration of opticain
solution with adrenaline 1:80,000 (AstraZeneca, Milan, Italy). The same protocol was
applied for all techniques.

The first incision was made on the top of the alveolar crest, shifted on the palatal
side to obtain the same level of keratinized mucosa on both flap sides. Then, distal and
mesial vertical release incisions were performed to expose the underlying bone crest. The
full-thickness flap was elevated to preserve anatomical subperiosteal structures.

The flap was detached to expose the anterior piriform cortex and canine draft, used as
landmarks, and to identify the maxillary sinus, often available in transparency from the
lateral bone wall. A bony window was drawn using a sterile pencil on the lateral wall,
behind the canine draft, according to the size and location of the maxillary sinus and the
implant insertion site. Then, a high-speed handpiece with a diamond bur was employed
to outline the antrostomy. A bone scraper was used to obtain autologous bone chips from
the bony window. To preserve the Schneiderian membrane from injuries, a piezoelectric
instrument was employed for bony window detachment.

The elevation degree was set according to the vertical defect’s extension, proceeding
from the inferior-medial sinus wall to the distal.

The implant sites were prepared using a lance-shaped drill followed by drills of
increasing diameter; fixtures were then placed. The implants placed for this group belonged
to the K line (Winsix, Biosafin, Ancona, Italy); this implant type has a cylindrical shape with
a truncated conical body characterized by a self-threading coil with differentiated depth
and thickness and variable geometry to modulate primary stability during surgery. The
macromorphology is characterized by variable geometry, the coils gradually varying from
square to triangular and varying in depth to favor vertical micro-expansion and progressive
horizontal expansion; it has wide and deep unloading grooves for the deposition of bone
chips and the formation of clots during the screwing phase. Due to the properties of these
implants, they were chosen for both methods of sinus lift (lateral approach and transcrestal
approach), by agreement of the surgeon and prosthetist.

The autologous bone graft obtained from the bony window was the only biomaterial
applied, and it was placed around implants to promote bone regeneration [24].

An adsorbable hemostatic gelatin (Spongostan, Ethicon, Johnson & Johnson, New
Brunswick, NJ, USA) was employed to promote clot formation and to contain the exposed
sinus area following the removal of the bony opening that provided access to the cavity.

Flap adaptation and suturing were performed using 3–0 non-resorbable sutures (Vicryl;
Ethicon, Johnson & Johnson, New Brunswick, NJ, USA).

Group B: Sinus floor elevation through an Osteotome-Mediated Technique
The first incision was made on the top of the alveolar crest, shifted on the palatal

side to obtain the same level of keratinized mucosa on both sides of the flap. Distal and
mesial vertical release incisions were performed to create a full-thickness flap, exposing the
underlying bone crest and preserving anatomical epiperiosteal structures. A lance-shaped
drill was employed for 2 mm to drill the cortical bone. A pilot drill of ø 2.00 was applied
to create an implant insertion site and to define the fixture’s setting. Then, osteotomes
of progressively increasing diameter were gradually driven to sinus floor fracture and
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Schneiderian membrane elevation. The diameter of the last osteotomy was less than the
fixture diameter to promote primary mechanical stability. Any biomaterial was applied
before implant placement. Only an adsorbable hemostatic gelatin (Spongostan, Ethicon,
Johnson & Johnson, New Brunswick, NJ, USA) was employed to promote clot formation
and to retain membrane elevation. Flap adaptation and suturing were performed using 3–0
non-resorbable sutures (Vicryl; Ethicon, Johnson & Johnson, New Brunswick, NJ, USA).

Group C: Tilted implants
The first incision was made on the top of the alveolar crest, shifted on the palatal side

to obtain the same level of keratinized mucosa on both sides of the flap. Then, distal and
mesial vertical release incisions were performed to expose the underlying bone crest.

The obtained full-thickness flap allowed us to preserve subperiosteal anatomical
structures from injuries and to expose the canine draft and maxillary sinus, often available
in transparency from the lateral bone wall. The tilted implant was placed first, in the
vestibulo-palatal direction and adjacent to the mesial wall of the maxillary sinus; when
possible, the apex of the fixtures engaged the inferior-medial wall of the inferior-distal
cortical of the piriform opening.

Every tilted implant was associated with an axial implant, placed according to the
traditional system in the canine or lateral incisor region. Straight implant placement always
occurred after tilted implant insertion according to their position and angulation.

The implants placed for this group belonged to the TT line (Winsix, Biosafin, Ancona,
Italy), which has a single implant body with a specific macromorphology to achieve
maximum implant stability; it is also excellent for immature loading and differs in having
either an internal hex (TTi) or an external hex (TTx). On a macromorphological level, they
have double-threaded, double-principled coils for easy implant insertion with half the
number of turns. The groove in the lower part of the loop decompresses the bone by
dissipating forces and facilitates clot deposition. At the same time, it increases the implant
surface by facilitating the neoformation of cells. The apex is conical and undersized by
1.3 to 1.8 with respect to the diameter of the implant; it is strongly tapered to obtain an
osteotomic effect and to facilitate the inclined insertion of implants, even in the case of
reduced bone availability.

Because of their characteristics and eligibility for immediate loading, they were se-
lected for this group by agreement of the surgeon and prosthetist.

A lanceolate drill was employed to perforate cortical bone. A pilot drill of ø 2.00 was
applied to create an implant insertion site and to define the fixture’s setting. A positioning
pin was plugged to verify the implant location, emergence, and angulation.

Drills of progressive diameter were employed up to the final fixture’s diameter. The site
was over-prepared vertically and sub-prepared transversely to promote primary mechanical
stability. The implant neck was aimed to be positioned at bone level. The insertion
torque ranging between 30 and 40 N·cm before final seating of the implant, allowing for
immediate loading.

A manual screwer was applied when incomplete seating of the implant occurred, and
bi-cortical anchorage was established whenever possible.

To compensate for the lack of parallelism between implants, angulated abutments
(Extreme Abutment, EA® Winsix, Biosafin) at 30 degrees were screwed on tilted implants;
straight abutments were screwed on axial implants. The flap was adapted around the
structure. Suturing was performed using 3–0 non-resorbable sutures (Vicryl; Ethicon,
Johnson & Johnson, New Brunswick, NJ, USA).

Post-Surgical Protocol

Immediately after surgery, intra-oral X-rays were performed to verify the correct
implant position.

Antibiotic therapy (amoxicillin and clavulanic acid 1 g or clarithromycin 1 g in case
of allergy, twice daily for 7 days after surgery) and analgesic therapy (non-steroidal anti-
inflammatory drugs, as needed) were prescribed for each patient. Mouth rinsing with a
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chlorhexidine-digluconate-containing solution (0.12% or 0.2%) was recommended twice
daily for 10 days. One week after the surgical procedure, sutures were removed. The same
post-surgical protocol was applied for all procedures.

2.3. Prosthetic Protocol

In both sinus floor elevation procedures (Group A and Group B), the implants were
covered for about 4 months; then, reopening was performed, and cap screws were replaced
with healing screws. An acrylic provisional prosthesis composed of three or four teeth
according to the antagonist arch and the presence or absence of adjacent teeth was delivered
to each patient. Screw access holes were covered with provisional resin (Fermit, Ivoclar
Vivadent, Naturno, Bolzano, Italy). We performed the appropriate evaluation checks of the
device, and after another four months, the provisional prothesis was replaced with a metal
ceramic or resin implant-supported final prosthesis composed of three or four units.

Unlike these procedures, which involved a deferred load, in Group C, in accordance
with several prior research results, patients were subjected to immediate loading [25,26].

One week before surgery, preliminary traditional impressions were taken to obtain an
all-acrylic resin provisional prothesis composed of three or four teeth.

To enable manufacture of a high-density baked all-acrylic prosthesis with titanium
cylinders, pickup impressions (Permadyne, ESPE, Seefeld, Germany) of the implants were
made after suturing.

About 3 h after the surgery, a screw-retained acrylic provisional prosthesis with three
or four teeth was delivered. Provisional resin (Fermit, Ivoclar Vivadent, Naturno) was used
to cover screw access holes. Four months later, the provisional prothesis was replaced with
a metal ceramic or resin implant-supported final prosthesis composed of three teeth.

In all groups, articulating papers (40 µm Bausch Articulating Paper) were applied to
obtain central contacts made on all masticatory units (stating occlusion) in the provisional
prothesis and dynamic occlusion, involving premolar guidance, definitively.

2.4. Follow-Up

Follow-up visits were performed 1 week after surgery, at 3 and 6 months, and then
once a year for the next 4 years. Each patient was placed in a professional oral hygiene
program that would allow both for limiting complications [27,28] and for monitoring and
interception of any complications.

1. Implant survival rate. The implant survival rate was dependent on the number of
implants lost during the follow-up period due to mobility associated with progressive
marginal bone loss due to peri-implantitis. Implant loss was classified according to the
period: if it occurred within 6 months of fixture placement, it was called early failure;
after 6 months, it was called late failure. Early failure was usually intercepted at the
reopening stage, when there was a lack of osseointegration of the implant. In the case
of late failure, there were signs of peri-implantitis, implant mobility, radiolucent areas
around fixtures, mucosal suppuration, and/or pain during the follow-up period.

2. Marginal bone loss (MBL). The MBL was evaluated via digital phosphor intra-oral
radiography performed for each patient using the parallel cone technique at 6, 12, 24,
36, and 48 months. To assess marginal bone trends, measurements were performed
only after image calibration. Digora 2.5 software (Soredex, Tuusula, Finland) was
used as an analysis platform, making use of the specific measurement tool contained
therein. As a first step, calibration (pixels/mm) of the instrument was performed,
using the implant diameter of the survey site as the known unit. Next, any changes
in the height of the peri-implant marginal bone in relation to the most coronal part
of the implant and the point of contact between the implant and marginal ridge
were measured. To evaluate bone resorption, a line passing over the shoulder of the
implant was considered as a reference point for measurement from which a straight
line was drawn parallel to the long axis of the implant to the most coronal point
where the bone met the fixture both mesially and distally. The software automatically
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provided, in relation to the calibration, the distance between the two points measured
in millimeters. To reduce human error, this measurement was performed by three
operators, and the average of the three measurements was considered. To evaluate
the marginal bone level, first the mesial and distal measurements were taken, then
the averages of the mesial, of the distal, and between the two values of a single
implant site (MBL, marginal bone level) were calculated, as reported in Section 3.
Marginal bone levels detected were divided into two categories according to the
implant position, whether mesial (Implant 1/I1) or distal (Implant 2/I2). The first
group included only axial implants; the second group also included tilted fixtures,
always placed distally and in association with a mesial axial implant (Implant 1/I1).
The data thus obtained were then statistically investigated.

3. Surgical complications. Surgical complications were divided according to the surgical
procedure.

4. Prosthetic complications. These included fracture of the provisional prothesis, unscrew-
ing of temporary crowns and/or abutments (Group C), unscrewing of final crowns
and/or abutments (Group C), and chipping.

2.5. Statistical Analysis

Statistical analysis was performed for numerical parameters using SPSS for Windows
version 18.0 (SPSS Inc., Chicago, IL, USA). Descriptive analysis was performed using the
mean ± standard deviation.

The different implant survival rates between the surgical procedures, based on the
number of implants lost in each group, were compared using the test of between-subject
effects according to one-way analysis of variance (ANOVA).

Analysis of variance was used to investigate changes in the bone level over time. All
statistical comparisons were conducted at the 0.05 significance level. The null hypothesis
was that there would be no difference in mean marginal bone changes between implants.
Regarding complications, due to the few cases observed, a statistical analysis could not
be performed.

3. Results

According to the inclusion and exclusion criteria, 60 patients (32 males, 28 females)
with an edentulous posterior maxilla (Applegate–Kennedy Class I, II, or III) or the need for
avulsion of residual teeth in the posterior section were enrolled for this study. The mean
age was 64 years (range: 52–76). The sample was divided into three groups of 20 according
to the surgical procedure they received.

Every surgery involved the placement of two implants to support screw-retained
prostheses of a minimum of three and a maximum of four dental units according to the
antagonist arch (presence or absence of the lower first molar) and presence or absence of
adjacent distal teeth. Fixtures were placed at sites 14 and 16, sites 14 and 15, or sites 14, 15,
and 16 and in the same sites in the contralateral emi-arch.

A total of 144 dental implants (K or TTi or TTx, Winsix, Biosafin, Ancona, Italy) were
placed. Group A received 48 implants, Group B received 46 implants, and Group C received
50 implants (Table 2).

Immediate loading was performed only in Group C; in both sinus floor elevation
techniques, implant loading occurred approximately 4 months after implant placement.

1. Implant survival rate. In the lateral sinus floor elevation technique (Group A), no
implants were lost in the first six months after surgery; two fixtures were lost in the
following period. In the transcrestal approach (Group B), one implant was lost in the
first six months after surgery, and only one was lost later. Only one tilted implant
(Group C) was lost early; no implants were lost in the following period.

Group A, Group B, and Group C demonstrated implant survival rates of 95.83%,
95.65%, and 98%, respectively (Table 3).
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Table 2. Number, diameter, and length of dental implants classified by group.

Dental Implant Details

Length
9 mm

Length
11 mm

Length
13 mm

Length
15 mm

Group A
(sinus floor augmentation via lateral approach) n = 48

diameter 3.3 mm 6 7 0 0
diameter 3.8 mm 29 6 0 0

Group B
(transcrestal sinus floor elevation) n = 46

diameter 3.3 mm 2 3 1 0
diameter 3.8 mm 16 21 3 0

Group C
(one tilted and one axial implant) n = 50

diameter 3.3 mm 0 0 4 4
diameter 3.8 mm 0 2 29 11

Table 3. Implant failure before or after the osseointegration period (6 months) and implant survival
rates according to the surgical procedure at the end of the follow-up period (4 years).

Implants Placed Early Failure Late Failure Implant Survival Rate

Group A 48 0 2 95.83%
Group B 46 1 1 95.65%
Group C 50 1 0 98%

However, a one-way analysis of variance (ANOVA) revealed no differences among
groups in terms of the proportion of lost implants (F(2, 60) = 0.54, p = 0.59, n.s.). Although
seemingly different from one another, the estimated mean values did not differ statistically
(Table 4).

Table 4. Differences among groups in terms of the proportion of lost implants.

Dependent Variable: Prop_lost Dental Implants

Source Type III Sum of Squares Df Mean Square F Sig.

Corrected Model 0.036 a 2 0.018 0.539 0.586
Intercept 0.363 1 0.363 10.775 0.002

Group 0.036 2 0.018 0.539 0.586
Error 1.920 57 0.034
Total 2.319 60

Corrected Total 1.956 59
a R Squared = 0.019 (Adjusted R Squared = −0.016).

2. Marginal Bone Loss. Statistical analysis was also performed for marginal bone loss,
evaluated 6 months after the surgical procedure, 12 months after the surgical pro-
cedure, and once a year subsequently. The values obtained were divided into two
categories according to the fixture position (Tables 5 and 6).

Table 5. Average marginal bone loss (millimeters) of mesial implants (I1) observed during follow-up.

Descriptive Statistics

Group Mean Std. Deviation N

I1_MBL 6
months (mm)

A 0.970 0.1455 20
B 0.915 0.1387 20
C 0.920 0.1508 20

Total 0.935 0.1448 60

I1_MBL 12
months (mm)

A 1.095 0.1356 20
B 1.085 0.1663 20
C 1.040 0.1847 20

Total 1.073 0.1625 60
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Table 5. Cont.

Descriptive Statistics

Group Mean Std. Deviation N

I1_MBL 24
months (mm)

A 1.250 0.1235 20
B 1.260 0.1729 20
C 1.255 0.1572 20

Total 1.255 0.1501 60

I1_MBL 36
months (mm)

A 1.470 0.0801 20
B 1.500 0.1338 20
C 1.475 0.0786 20

Total 1.482 0.1000 60

I1_MBL 48
months (mm)

A 1.695 0.1986 20
B 1.720 0.2238 20
C 1.585 0.0933 20

Total 1.667 0.1875 60

Table 6. Average marginal bone loss (millimeters) of distal implants (I2) observed during follow-up.

Descriptive Statistics

Group Mean Std. Deviation N

I2_MBL 6
months (mm)

A 0.918 0.1131 17
B 0.888 0.1310 16
C 0.936 0.1447 14

Total 0.913 0.1279 47

I2_MBL 12
months (mm)

A 1.094 0.1249 17
B 1.088 0.1708 16
C 1.100 0.1177 14

Total 1.094 0.1374 47

I2_MBL 24
months (mm)

A 1.306 0.1345 17
B 1.238 0.1258 16
C 1.236 0.1336 14

Total 1.262 0.1328 47

I2_MBL 36
months (mm)

A 1.488 0.0781 17
B 1.481 0.1109 16
C 1.450 0.1092 14

Total 1.474 0.0988 47

I2_MBL 48
months (mm)

A 1.588 0.0857 17
B 1.681 0.1328 16
C 1.600 0.1569 14

Total 1.623 0.1306 47

Regarding Implant 1, as shown in Figure 1, a 3 (groups) × 5 (time) MANOVA revealed
a main effect of time (F(1, 57) = 786.11, p < 0.001), while other effects did not reach the
conventional threshold of statistical significance. In other words, the MBL for Implant
1 tended to increase over the five time periods, regardless of the surgical approach (i.e.,
group) (Figure 1).

Regarding Implant 2, as shown in Figure 2, a 3 (groups) × 5 (time) MANOVA revealed
a main effect of time (F(1, 44) = 680.31, p < 0.001), while other effects did not reach the
conventional threshold of statistical significance. In other words, the MBL for Implant
2 tended to increase over the five time periods, regardless of the surgical approach (i.e.,
group) (Figure 2).
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3. Surgical Complications. All recorded complications were related to the lateral sinus
floor elevation technique (Group A) or transcrestal sinus floor elevation (Group B). In
Group C, there were no intra-operative complications. Three membrane perforations
were reported in Group A. The complication was resolved intra-operatively by further
detaching the Schneider membrane from the inferior-medial region to reposition the
hole under the bone wall. This avoided leakage of the graft material and possible
subsequent infection. In the same group, no other complications were reported. In
Group B, the only problem encountered was paroxysmal benign positional vertigo
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(PPBV), associated with the percussive action induced by the surgical mallet. After
about one month, the complication resolved itself in all four cases where it was found.

4. Prosthetic Complications. No prosthetic complications were reported during the follow-
up period.

4. Discussion

In this retrospective clinical study, three different surgical techniques for the rehabilita-
tion of a posterior maxilla with insufficient residual bone height for the placement of axial
implants were compared.

Sinus lift techniques have been extensively discussed, and several authors have re-
ported good short- and long-term results on implant survival rate.

Concerning a lateral sinus lift, Canullo et al., in their multicenter prospective study
at 2 years of follow-up, reported an implant survival rate of 97% in patients with residual
bone height between 1 and 4 mm who were treated with a lateral sinus augmentation using
a nano-crystalline hydroxyapatite sole bone filler, simultaneous implant placement, and a
deferred loading protocol [29].

Similar results were obtained by Schmitt et al. in their retrospective clinical study at
10 years of follow-up, in which they reported an implant survival rate of 95.45% in patients
undergoing sinus lift via a lateral approach using autologous bone graft, implant placement
after a four-month healing period, and a deferred loading protocol [30].

These results are similar to those obtained in this study, where the implant survival
rate of fixtures placed by sinus lift via a lateral approach was 95.83%.

Beretta et al. [31], in their retrospective clinical study at 15 years of follow-up, compared
implant survival in patients subjected to sinus lift with that in patients subjected to a lateral
approach, depending on the implant placement protocol and biomaterial used. Implants
placed at the same time as the sinus lift (residual bone height above 4 mm) provided similar
results to implants placed after the healing period; autologous bone, according to other
studies [32], provided better results than a heterologous bone graft. Although autologous
bone is currently considered the gold standard in bone regeneration [33], good medium-
and long-term results have been obtained in both sinus lift techniques even without bone
grafting [34].

Considering these results, in the present study, autologous bone chips obtained from
the lateral bone window were applied as the only bone regeneration material.

Concerning transcrestal sinus lift, Bruschi et al., in their retrospective clinical study
at 10.43 ± 5.01 years (ranging from 5 to 16 years) of follow-up, reported a survival rate of
95.45% [35].

Similar results were obtained by Qian et al., in their randomized controlled trial at
10 years of follow-up, in which they reported an implant survival rate of 90.7% in the
case of osteotome sinus floor elevation with deproteinized bovine bone mineral and 95.0%
without bone grafting [36].

According to these authors, the transcrestal sinus lift, applied when residual bone
height was at least 5 mm, was performed through an osteotome-mediated technique and
without biomaterials, recording an implant survival rate of 95.65%.

Concerning tilted implants applied to bypass the sinus floor, the implant survival rate
recorded in our study (98%) could be compared with those in other studies.

Aparicio et al., in their retrospective clinical study at 5 years of follow-up, reported
an implant survival rate of 95.2% in immediate-loading rehabilitations of posterior eden-
tulous maxilla with the placement of one axial and one tilted implant, concluding that
tilted implants, longer than traditional ones, could increase the implant-to-bone contact
area, promoting primary stability, reducing the prosthetic cantilever, and engaging basal
bone [37].

Similar results were obtained by Fortin et al. [38] and Pozzi et al. [39], who reported
implant survival rates of 100% at 5 years of follow-up and 96.3% at 3 years of follow-up,
respectively, in the absence of intra- or post-operative surgical complications.
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Regarding marginal bone loss, as reported by Antonoglou et al. in their systematic
review and meta-analysis of clinical trials [40] and as confirmed by our results, implants
placed via sinus lift techniques show values similar to those of implants placed via tradi-
tional methods.

The rationale for choosing between the different surgical procedures considered in
this study could therefore be related to possible complications of sinus augmentation
techniques, such as perforation of Schneider’s membrane, graft infection, implant or graft
dislocation in the maxillary sinus, acute or chronic sinusitis, injury of the alveolus-antral
artery, and benign paroxysmal vertigo, which could occur [41,42].

In our study, the only recorded complication in Group A was Schneiderian membrane
perforation, which is considered a prevalent occurrence in sinus floor augmentation via a
lateral approach [43]; a similar situation occurred in Group B, where the only complication
was paroxysmal benign positional vertigo [44].

According to several authors and the results of this study, where no complications
were recorded in Group C, when possible, tilted implants could be proposed as a possible
alternative in the rehabilitation of partially or totally edentulous maxilla [45–47], avoiding
more invasive techniques and allowing immediate loading [9,37,45].

Regardless of possible complications, studying the cone beam CT scan before pro-
ceeding with any type of surgical approach may be crucial to evaluate the residual bone
height and maxillary sinus conformation and, subsequently, to make the most appropriate
surgical choice [15–22,48].

Furthermore, once the surgical technique that we consider most appropriate according
to the above parameters has been chosen, pre-surgical planning is a valuable confirmation
aid and an indication of how to perform surgery in a predictable way [49–51].

Since there may be discrepancies between the pre-surgical planning obtained from
the cone beam CT scan and the clinical procedure [52,53], the surgeon’s experience may be
crucial in managing these variables and possible complications [54,55].

Also, in our case, the choice of an experienced surgeon supported by the aid of
second-level radiographic examinations and pre-surgical planning may have had a positive
influence on the obtained results.

However, for a more in-depth analysis, multicenter clinical studies with more vari-
ables, such as surgeon, prosthetist, and registrar, could be useful to compare the different
techniques, also obtaining a larger sample of patients.

The choice of surgical procedure between sinus lift with a lateral or transcrestal
approach and tilted implants may depend on several criteria such as the residual bone
height, maxillary sinus conformation, and presence of any pathology affecting the maxillary
sinus; as with any other surgical procedure, a risk–benefit ratio assessment could be
crucial [12–14].

Although the results of the present study did not show any statistically significant
differences between the groups, the finding that sinus lift techniques might involve a higher
inherent risk of complications could be considered as one of the parameters of treatment
choice [7].

5. Conclusions

Within the limitations of the present study, the obtained results suggest tilted implants
as a possible alternative to sinus floor elevation procedures. Although there were no statisti-
cally significant differences in implant survival and marginal bone loss between the groups,
tilted implants placed in the available bone presented fewer complications compared to
sinus elevation via a lateral window approach or osteotome-mediated technique. It is
possible to perform immediate partial rehabilitation over maxillary tilted implants with
minimal complications. However, the surgical qualifications of the clinician may be crucial
to performing all the listed procedures correctly. Further studies with enlarged samples
may be necessary to confirm the obtained results.
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Abstract

Aim: The present pilot RCT aimed to investigate the influence of a connective tissue

graft (CTG) in combination with the immediate implant placement (IIP) on hard and

soft tissue healing, without a bone replacement graft in the gap between the implant

and the socket walls.

Materials and Methods: Thirty patients requiring extraction of one anterior tooth (from

premolar to premolar) were randomly assigned to one of the two treatment groups (test:

IIP + CTG; control: IIP). Cone-beam computed tomography and optically scans were per-

formed before tooth extraction and at 6-month follow-up. Then, DICOM files were

superimposed in order to allow the evaluation of osseous ridge and buccal bone changes,

while the superimposition of DICOM and Standard Tessellation Language files allowed

for evaluating of soft tissue contour. For testing the differences between the two

groups, the non-parametric test as Wilcoxon rank-sum test, was used.

Results: Twenty-six of the 30 enrolled patients attended the 6-month follow-up visit.

The four patients of the control group that were lost to follow-up were analysed

under the intention-to-treat principle. No statistically significant differences between

the groups were observed for the vertical buccal bone resorption (p = .90), as well as

for the horizontal buccal bone resorption at all measured levels. Significant differ-

ences were found between the test and control groups in the horizontal dimensional

changes of osseous ridge at the most coronal aspect (p = .0003 and p = .02).

Changes in tissue contour were between �0.32 and �0.04 mm in the test group and

between �1.94 and �1.08 mm in the control group, while changes in soft tissue

thickness varied between 1.33 and 2.42 mm in the test group and between �0.16

and 0.88 mm in the control group, with statistically significant differences for

both variables at all measured levels. At 6 months, the mean volume increase was

6.76 ± 8.94 mm3 and 0.16 ± 0.42 mm3 in the test and control groups, respectively,

with a statistically significant difference.

Conclusions: The findings of the present study indicate that the adjunct of a CTG at

the time of IIP, without bone grafting, does not influence vertical bone resorption.
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Within the limits of this study, it can be suggested that the adjunct of a CTG at the

time of IIP, without bone grafting, reduces the horizontal changes of the alveolar

ridge. Moreover, it allows maintenance of the tissue contour due to an increase in

soft tissue thickness.

K E YWORD S

bone changes, connective tissue graft, immediate implant placement, soft tissues management

Clinical relevance

Scientific rationale for study: No clinical study has evaluated the effect of a connective tissue

graft (CTG) per se at the time of immediate implant placement (IIP). Hence, it is unknown

whether the CTG may influence the hard and soft tissue changes that occur.

Principal findings: Minor dimensional changes in the horizontal ridge dimension were observed in

the IIP + CTG group at the most coronal aspect. Moreover, a minor reduction in tissue contour

was reported in the test group, due to a pronounced soft thickness gain.

Practical implications: IIP plus a CTG may be a valid treatment option, to compensate for hard

tissue morphological changes and to maintain the tissue contour.

1 | INTRODUCTION

Immediate implants have shown to be a predictable treatment for the

replacement of non-restorable teeth (Lang et al., 2012; Vignoletti &

Sanz, 2014a, 2014b). The surgical protocol presents clear advantages

in terms of reducing the number of interventions, and the overall

treatment time. However, compromised aesthetic has been antici-

pated especially when utilized in the upper anterior maxilla (Sanz

et al., 2010; Cosyn et al., 2013; Cecchinato et al., 2015). There are

several factors that may influence aesthetic outcomes, being the buc-

cal bone wall integrity and thickness (Sanz et al., 2010; Ferrus

et al., 2010; Tomasi et al., 2010), implant position (Evans &

Chen, 2008), and the use of bone grafts within the gap (Sanz

et al., 2017), among the most relevant. Hence, it should be considered

as a complex surgical procedure that should only be performed in case

of ideal anatomic conditions (Tonetti et al., 2019). Several studies

demonstrated that immediate implant placement (IIP) fails to prevent

the horizontal and vertical ridge alterations following tooth extraction

(Araujo et al., 2005; Discepoli et al., 2015; Vignoletti, Discepoli et al.,

2012; Vignoletti & Sanz, 2014a, 2014b). Although Several studies

demonstrated that immediate implant placement (IIP) fails to prevent

the horizontal and vertical ridge alterations following tooth extraction

(Araujo et al., 2005; Discepoli et al., 2015; Vignoletti, Discepoli et al.,

2012; Vignoletti & Sanz, 2014a, 2014b). Although it has been sug-

gested that these bone dimensional changes are compensated by soft

tissues during early healing (Chappuis et al., 2017), nevertheless the

reduction of soft tissue contour on long-term follow-up may greatly

affect the aesthetic outcome of the prosthetic reconstruction. In a

recent study, Sanz-Martín et al. (2019) investigated the interplay

between hard and soft tissues after flapless IIP in combination with a

buccally inserted xenogeneic bovine bone graft and a xenogeneic por-

cine collagen matrix in the aesthetic area. The authors reported an

overall horizontal osseous ridge resorption (ORR) of about 50% of the

original dimension. This was in part compensated by an increase in

thickness of the buccal soft tissues. Notwithstanding this fact, a mean

of 0.67 ± 0.65 mm of linear horizontal soft tissue reduction as com-

pared to baseline was observed.

Therefore, it becomes apparent that soft tissue management with

the use of connective tissue graft (CTG) around implants is of outmost

importance to mimic natural ideal conditions, and for this reason, it

has become a topic of growing interest for clinicians.

To the best of the authors' knowledge, no randomized controlled

clinical trial has compared the outcome of a CTG on buccal bone

changes following immediate implant positioning without a bone

replacement graft in the implant–socket gap.

Recently in the literature, there is a growing body of evidence

suggesting that the soft tissue thickness can exert a protective activity

towards bone resorption. This effect was proposed for implant

inserted in healed sites, where the soft tissue thickness demonstrated

an influence over crestal bone changes at 1 year (Linkevicius

et al., 2009; Puisys & Linkevicius, 2015). In a recent systematic review

with meta-analyses on the efficacy of soft tissue augmentation proce-

dures and their impact on peri-implant health, authors stated that bila-

minar techniques with CTG or collagen matrix showed beneficial

effects on marginal bone-level stability (Tavelli et al., 2021). Similar

conclusions were described by De Angelis et al. (2021) in a systematic

review of the effect of soft tissue augmentation on the clinical and

radiographical outcomes following IIP: authors reported that a statisti-

cally significant reduced change of the marginal bone loss and vestibu-

lar recession is associated with soft tissue augmentation.

Nevertheless, the 6th EAO Consensus on soft tissue management at

implants stated that “the present scientific evidence does not consis-

tently demonstrate a benefit of soft tissue augmentation procedures

in terms of marginal bone level changes” (Thoma et al., 2021).

Therefore, the purpose of the present pilot RCT was to

investigate the influence of a CTG in combination with the IIP
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on hard and soft tissue healing, without a bone replacement

graft in the gap between the implant and the socket walls. The

primary objective was to evaluate radiologically the vertical buc-

cal bone dimensional changes, whereas the secondary objectives

were to evaluate horizontal dimensional changes of buccal bone

and of osseous ridge and linear and volumetric soft tissue

changes.

2 | MATERIALS AND METHODS

2.1 | Study design

The study was designed as a pilot randomized controlled clinical trial

with a parallel design and single-blinded approach, performed at the

Dental Department of San Raffaele Hospital (Milan, Italy). The study

protocol was approved by the Ethical Committee of San Raffaele Hos-

pital (with number of protocol “Winsix 1”—EC Reg. N. 71/INT/2017),

registered on ClinicalTrial.gov (NCT03784430) and performed in

accordance with the Helsinki Declaration of Human Studies. All sub-

jects gave written informed consent.

2.2 | Patient samples

Adults (≥18 years of age) were screened on the basis of having a sin-

gle hopeless tooth candidate for extraction in the maxillary or mandib-

ular area (from second premolar to second premolar) in need of a

single implant-supported fixed prosthetic rehabilitation.

Patients were selected on the basis of fulfilment of the following

inclusion criteria:

• The presence of the intact walls of the socket after tooth extrac-

tion, or presenting a maximum of 3 mm of buccal dehiscence;

• The distance between interdental bone crest and buccal bone crest

≤3 mm after tooth extraction.

Patients were excluded if they had any of these conditions: general

contraindications for dental and/or surgical treatments; inflammatory

and autoimmune disease of oral cavity; uncontrolled diabetes; concur-

rent or previous immunosuppressant, bisphosphonate, or high-dose

corticosteroid therapy; concurrent or previous radiotherapy of head

area; smokers (>10 cigarettes a day); pregnancy; or lactating women.

2.3 | Randomization, allocation concealment,
blinding, and calibration

Patients were assigned to one of the two treatment groups with the

use of computer-generated randomization table (test group: immedi-

ate implant + CTG; control group: immediate implant). Treatment

assignment was concealed to the treating surgeon by opaque enve-

lopes that were opened only after completion of tooth extraction and

final assessment of the feasibility of IIP. Clinical and radiographic mea-

sures and statistical analyses were performed blind with respect to

treatment assignment.

For calibration of clinical measurements, the examiner (G.L.D.D.)

measured the keratinized tissue width of 10 patients twice, at 1 week

interval. After repeated measurements, the inter-class correlation

coefficients for intra-examiner reliability were 0.958 (95% CI:

0.664, 0.955).

All radiographic measurements were carried out by one calibrated

and blinded examiner (V.C.), who superimposed and measured baseline

and 6-month cone-beam computed tomography (CBCT) and Standard

Tessellation Language (STL) images of 10 randomly selected cases

twice, at 1 week interval. After repeated measurements, the inter-class

correlation coefficient was 0.978 (95% CI: 0.884–0.966).

2.4 | Study interventions

Surgeries were performed by one surgeon (D.G.) at the Dental Clinic

of the San Raffaele Hospital.

After local anaesthesia, a buccal split-full-split-thickness envelope

flap, as described for the treatment of multiple gingival recessions by

Zucchelli and de Sanctis (2000), was elevated, and the tooth was

extracted atraumatically.

The flap was incised according to the indications of Zucchelli and

de Sanctis (2000), utilizing the site of implant positioning as the center

of rotation of the flap. The mesial and distal anatomic papillae were

maintained in place.

The osteotomy was prepared with the surgical drill of the surgical kit

(Winsix, BioSAF IN Srl, Ancona, Italy) at 1200 rpm under saline irrigation.

An implant (Winsix KE, Winsix, BioSAF IN Srl) was immediately inserted

with 1 mm of its transmucosal portion positioned under the buccal bone

crest, as suggested by previous pre-clinical and clinical studies (Caneva

et al., 2010; Vignoletti & Sanz, 2014a, 2014b; Calvo-Guirado

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

In the test group, a CTG resulting from the extra-oral de-

epithelialization of a free gingival graft harvested from the palate was

positioned coronal to the buccal bone crest and anchored to the ana-

tomic papillae. It was carefully positioned in contact with the implant sur-

face, in such a way that it completely covered the buccal gap, and the

buccal crest 2 mm in the apical direction.

In both groups of implants, healing abutments were positioned.

The buccal flap was coronally advanced by means of deep and super-

ficial split-thickness incisions and the flap was tightly adapted to the

healing abutment. Modified sling sutures were performed to accom-

plish an accurate adaptation of the buccal flap and to stabilize every

single surgical papilla over the inter-dental connective tissue bed of

the anatomical papilla.

Examples of the two treatment groups are shown in Figure 1.

Patients were instructed to rinse twice a day (starting the day

after surgery) with 0.2% chlorhexidine and received antibiotics (amox-

icillin with clavulanic acid 1 g) twice a day for 6 days and analgesic

medication (ibuprofen 600 mg) if needed.
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No implant-supported temporary restorations were used for the

first 6 months.

At 6 months after the implant placement, the patient returned for

the clinical and radiographic evaluation.

2.5 | Outcomes and study power

The primary outcome of the study was the comparison of the vertical

buccal bone resorption (VBBR) at 6 months following IIP in the test

and control groups. The study was powered to detect a minimum clin-

ically significant difference in radiographic changes of buccal bone

height on CBCT of 1 mm using α = .05, a power of 80%, and a

hypothesized within-group sigma of 0.9 mm, obtained from previous

studies (Jung et al., 2013). As a minimum, 14 patients per treatment

arm were selected for power analysis calculation. To compensate for

missing data and attrition, a sample size of 30 was selected.

Secondary outcomes included the following: (i) comparison of

horizontal buccal bone resorption (HBBR) and osseous ridge resorp-

tion (ORR); (ii) comparison of changes in soft tissues parameters—

width of keratinized mucosa, soft tissue contour, soft tissue thickness,

soft tissue volume; and (iii) comparison of patient experience with the

surgical procedures, using a visual analogue scale (VAS) score.

2.6 | Clinical measurements

Clinical measurements were performed at the time of implant place-

ment by a blind and calibrated examiner (G.L.D.D.) to the nearest

millimetre using a periodontal probe (Hu-Friedy Diagnostic Probe

UNC15 Qulix, Hu-Friedy Mfg. Co. Inc.).

The width of keratinized tissue (KT width) was measured at the

buccal aspect, prior to tooth extraction. After the extraction and flap

elevation, the thickness of the buccal bone wall (BC thick), was mea-

sured 2 mm apical of the most coronal buccal bone crest using a calli-

per (Iwanson calliper, DP720; Bontempi snc, Quirurgical Bontempi,

Barcelona, Spain).

After implant placement, a gap occurred between the implant sur-

face and the buccal bone wall of the extraction socket. The following

measurements were taken (Figure 2):

• S-IC, internal horizontal buccal gap dimension, that is, the width of

the gap between the implant surface and the inner surface of buc-

cal bone crest;

• S-OC, horizontal buccal crest dimension (bucco-lingual dimension),

that is the distance between the implant surface and the outer sur-

face of the buccal bone crest;

• R-B, vertical distance between the implant shoulder to top of the

buccal bone crest. Since the implants were placed 1 mm below

the buccal bone plate, this measure had a value of –1 mm for all

the implants.

2.7 | Hard tissue measurements

For each patient, a CBCT scan (NewTom VGi evo, QR S.r.l., Verona) of

the relevant site was performed prior to tooth extraction (BL) and

F IGURE 1 Intra-operative view of the two treatment modalities. Clinical case from the test group depicting: (a) the implant placed in the
fresh extraction socket, (b) the connective tissue graft sutured to the anatomic papillae, (c) the suture of the flap, and (d) the implant site at
6 months of follow-up. Clinical case from the control group depicting: (e) the occlusal view of the implant placed in the fresh extraction socket, (f)
the buccal view of the implant, (g) the suture of the flap, and (h) the implant site at 6 months of follow-up [Colour figure can be viewed at
wileyonlinelibrary.com]
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6 months after implant placement (6M), to evaluate hard tissue

dimensional changes.

Baseline DICOM files were first converted into an STL file and

then superimposed to 6M DICOM file, by selecting common reference

points from the adjacent tooth surfaces. The screenshot representing

the mesio-distal center of the dental implant was selected to perform

linear measurements, using an image analysis software program

(ImageJ, National Institutes of Health, MD, USA). All radiographic

superimpositions and measurements were carried out as described by

Sanz-Martín et al. (2019), by one calibrated and blinded examiner (V.C.).

The following landmarks were identified in the cross-sectional

image:

• point A, the most coronal point of the buccal crest of the baseline

socket;

• point B, the most coronal point of the buccal crest at 6 months

after implant insertion.

Five parallel lines were drawn perpendicular to a line coinciding with

the longitudinal axis of the implant and at 1, 2, 3, 4, and 5 mm below to

the point A and the following parameters were recorded (Figure 3):

• VBBR, which was calculated by measuring the vertical linear dis-

tance from point A to point B.

• HBBR, which was the horizontal linear distance between the outer

surface of buccal bone at BL and that at 6M (measurements were

expressed in mm and %);

• ORW, osseous ridge width, which was the horizontal linear distance

from the outer surface of buccal bone to the outer surface of pala-

tal/lingual bone, measured at baseline and at 6 months. The ORR in

millimetres (mm) and in percentage (%ORR) were also calculated.

2.8 | Soft tissue measurements

The relevant upper/lower jaw segment was optically scanned using a

3D scanner (Cerec Omnicam, Dentsply Sirona, York, PA, USA) in order

to create STL files and assess soft tissue dimensional changes occur-

ring between BL examination and 6 months after implant placement.

F IGURE 2 Clinical measurements. (a) BC thick: Thickness of the buccal bone. (b) S-IC: Internal horizontal buccal gap dimension. (c) S-OC:
Horizontal buccal crest dimension (bucco-lingual dimension). (d) R-B: Vertical distance between the implant shoulder to top of the buccal bone
crest [Colour figure can be viewed at wileyonlinelibrary.com]

F IGURE 3 Superimposition of baseline DICOM (orange) and
6-month follow-up. Horizontal white lines represent the assessment
of the horizontal buccal bone resorption (HBBR) at 1, 2, 3, 4, and
5 mm below the most coronal point of the buccal osseous ridge (point
A). Vertical white line represents the measurement of vertical buccal
bone resorption (VBBR) [Colour figure can be viewed at
wileyonlinelibrary.com]
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2.8.1 | Soft tissue contour

STL file superimpositions and soft tissue dimensional changes mea-

surements were executed by one calibrated and blinded examiner

(V.C.), using a volume comparative software program (SMOP, Swiss-

meda AG, Zurich, Switzerland) and an image analysis software pro-

gram (ImageJ, National Institutes of Health. Maryland, USA), as

described by Sanz-Martín et al. (2019).

Linear measurements were performed by selecting the cross

section representing the mesio-distal center of the tooth crown. A

screenshot of the selected cross section was uploaded to five parallel

lines drawn perpendicular to a line coinciding with the longitudinal

axis of the tooth crown and at 1, 2, 3, 4, and 5 mm apical to the BL

gingival margin (point C). Then, the buccal soft tissue contour changes

(Δ STC) were calculated by measuring at these different heights, the

horizontal linear distance between the buccal soft tissue contour at

BL to the one at 6M and were expressed in millimetres (Figure 4).

Volumetric measurements were performed by selecting an area

of interest delimited apico-coronally by the gingival margin of the

tooth and the mucogingival line and mesiodistally by a vertical line

passing through the center of inter-dental papillae (Figure 4). The soft-

ware calculated the volume changes in cubic millimetres.

2.8.2 | Soft tissue thickness

Superimposition of DICOM file, representing hard tissue volume, to

STL file representing soft tissue contour, was used to measure the

buccal soft tissue thickness in the two different treatment groups.

DICOM-STL analysis were performed by one calibrated and blinded

examiner (V.C.) adopting a methodology reported by Sanz-Martín

et al. (2019).

DICOM files at BL and 6M were matched to STL file respectively

at BL and 6M using the same digital imaging software mentioned for

STL files superimposition (SMOP, Swissmeda AG, Zurich, Switzerland).

Screenshots of the cross-section images representing the mesio-distal

center of the tooth at BL and the mesio-distal center of the implant at

6M were then exported to the previously mentioned image proces-

sing software program (ImageJ, National Institutes of Health,

MD, USA).

A common vertical axis was selected for both the BL and 6M

cross-section images. Five parallel lines were drawn perpendicular to

this axis at 1, 2, 3, 4, and 5 mm respectively apical to the BL and 6M

gingival margin (points C and D, respectively). The buccal soft tissue

thickness (STT) was then evaluated by measuring at these different

heights, the linear distance between the buccal soft tissue outline to

the buccal bone at BL and 6M and was expressed in millimeteres

(Figure 4).

2.9 | Statistical analysis

Mean and standard deviation for continuous variables were used as

indices of centrality and dispersion of the variable distribution. For

testing the differences between the two groups, the non-parametric

test as Wilcoxon rank-sum test was used.

The Spearman rank correlation coefficient was used to test the

strength and direction of association that may exist between the percent-

age of osseous ridge resorption (%ORR) and the following variables: BC

thick, S-IC, S-OC, soft tissue total thickness (that includes STT at baseline

and the CTG thickness), and CTG thickness. When testing the null hypoth-

esis of no association, the probability level of error at two tails was 0.05.

All analyses were based on the intention-to-treat principle with

mean imputation technique (ITT analysis, i.e., the mean value of a

F IGURE 4 Soft tissue measurements. (a) Cross-sectional view of superimposition of baseline (yellow) and 6-month (green) Standard
Tessellation Language (STL) files. White lines represent the linear measurements made 1, 2, 3, 4, and 5 mm below the gingival margins (point C).
(b) Superimposition of baseline (yellow) and 6-month (green) STL files showing the area of interest for volumetric analysis (orange).
(c) Superimposition showing gradients of volumetric variations. (d) Baseline DICOM and STL files superimposed allowing for the evaluation of
baseline soft tissue thickness. White lines represent the soft tissue thickness 1, 2, 3, 4, and 5 mm below the gingival margin (point C). (e) Six-
month DICOM and STL files superimposed allowing for the evaluation of baseline soft tissue thickness. White lines represent the soft tissue
thickness 1, 2, 3, 4, and 5 mm below the gingival margin (point D) [Colour figure can be viewed at wileyonlinelibrary.com]
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variable is used in place of the missing data value for that same vari-

able). Primary and secondary endpoints were also evaluated in the

per-protocol collective (PP analysis).

Statistical computations were made using StataCorp 2021 (Stata

Statistical Software: Release 17, StataCorp LLC, College Station, TX).

3 | RESULTS

3.1 | Study population

Patient recruitment was conducted from November 2018 to December

2020. The causes for the tooth extraction were several and included

root fracture, caries, root resorption, or endodontic failure.

Thirty patients were enrolled; of these, four patients of the control

group did not complete the follow-up evaluation. Hence, a total of

26 patients attended the 6-month follow-up visit. The four patients who

were lost to follow-up were analysed under the intention-to-treat princi-

ple. In this way, all 30 patients were included in the statistical analysis.

The sample consisted of 17 women and 13 men with a mean age

of 53.4 ± 12.2 years (range: 34–74 years) (Figure 5).

Twenty-four implants were placed in the maxilla and six in the

mandible. Five implants (1 central incisor, 2 lateral incisors, 1 canine)

were located at anterior sites and 23 at premolar sites. Twenty-four

implants were 3.8 mm in diameter (the corresponding diameter of the

endo-osseous portion was 4.0 mm), while six implants were 4.5 mm

(the corresponding diameter of the endo-osseous portion was

4.7 mm) (Table 1). A CTG was applied in 15 implants (test group).

3.2 | Clinical outcomes

At baseline, the thickness of the buccal bone measured at 2 mm from

bone margin ranged from a minimum of 0.2 mm to a maximum of

1.9 mm, but did not reveal any statistically significant differences

between the two treatment groups (ITT analysis—test group: 0.84

[0.39] mm, control group: 1.03 [0.49] mm, p = .16; PP analysis—test

group: 0.84 [0.39] mm, control group: 1.04 [0.58], p = .41).

After IIP, the mean horizontal buccal gap (S-IC) was 2.59 ± 0.77 and

2.73 ± 0.90 mm, in the control and test group, respectively. The differ-

ence between the groups was not statistically significant (p = .70).

All implants healed adequately without any complications.

F IGURE 5 CONSORT flow diagram [Colour figure can be viewed at wileyonlinelibrary.com]
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3.3 | Hard tissue dimensional changes

3.3.1 | Vertical changes

The mean loss in height (VBBR) amounted to �0.66 ± 0.53 mm in the

test group and �0.66 ± 0.53 mm in the control group, with no signifi-

cant differences (p = .9). For results of the PP analysis, see Table 2.

3.3.2 | Horizontal changes

The majority of the horizontal changes of the buccal bone (HBBR)

occurred at 1 mm below the most coronal aspect of the buccal wall

with similar changes between the two treatment groups (Table 2).

Changes were in fact �1.59 ± 0.54 mm for the control group and

�1.36 ± 1.17 mm for the test group, without statistically significant

differences (p = .05).

When evaluating the ORR, that is, the mean reduction of the

alveolar crest in the bucco-lingual width (measured as difference

between ORW at baseline and ORW at 6 months), the results indi-

cated �2.09 ± 0.53 mm and �1.16 ± 0.5 mm of horizontal dimen-

sional changes at 1 mm and �1.66 ± 0.79 mm and �1.03 ± 0.66 mm

at 2 mm, in control and test groups, respectively. These differences

TABLE 1 Characteristics of the implants

Per-protocol analysis Intention-to-treat analysis

Control group (n = 11) Test group (n = 15) Control group (n = 15) Test group (n = 15)

Arch (upper/lower) 9/2 13/2 12/3 12/3

Position (anterior/premolar) 0/11 3/12 2/13 3/12

Diameter (3.8/4.5 mm) 8/3 12/3 12/3 12/3

Length (9/11/13/15 mm) 2/6/3 0/6/7/2 2/10/3 0/6/7/2

TABLE 2 Changes in horizontal and vertical dimensions of buccal bone (HBBR and VBBR) and in osseous ridge width (ORR) among the two
treatment groups

Per-protocol analysis Intention-to-treat analysis

Control group (n = 11) Test group (n = 15) p value* Control group (n = 15) Test group (n = 15) p value*

VBBR (mm) �0.66 (0.75) �0.66 (0.53) .75 �0.66 (0.63) �0.66 (0.53) .90

HBBR 1 (mm) �1.59 (0.63) �1.36 (1.17) .13 �1.59 (0.54) �1.36 (1.17) .05

HBBR 2 (mm) �1.13 (0.47) �0.89 (0.70) .19 �1.13 (0.4) �0.89 (0.70) .10

HBBR 3 (mm) �0.96 (0.44) �0.73 (0.53) .18 �0.96 (0.37) �0.73 (0.53) .13

HBBR 4 (mm) �0.79 (0.40) �0.69 (0.39) .55 �0.79 (0.34) �0.69 (0.39) .37

HBBR 5 (mm) �0.7 (0.40) �0.66 (0.45) .27 �0.78 (0.34) �0.66 (0.45) .14

HBBR 1 (%) 44.62 (19.86) 38.82 (26.56) .55 44.6 (16.8) 38.82 (26.56) .20

ORR 1 (mm) �2.08 (0.65) �1.16 (0.5) .003** �2.09 (0.53) �1.16 (0.5) .0003**

ORR 2 (mm) �1.66 (0.95) �1.03 (0.66) .084 �1.66 (0.79) �1.03 (0.66) .02**

ORR 3 (mm) �1.45 (0.89) �0.95 (0.6) .244 �1.45 (0.76) �0.95 (0.6) .10

ORR 4 (mm) �1.13 (0.69) �1.05 (0.68) .721 �1.13 (0.59) �1.05 (0.68) .72

ORR 5 (mm) �1.06 (0.58) �0.94 (0.56) .443 �1.06 (0.49) �0.94 (0.56) .31

ORR 1 (%) 22 (6) 14 (6) .018** 22 (5) 14 (6) .006**

ORR 2 (%) 17 (9) 11 (7) .095 17 (7) 11 (7) .04**

ORR 3 (%) 15 (8) 10 (6) .239 15 (7) 10 (6) .10

ORR 4 (%) 12 (7) 11 (7) .678 12 (6) 11 (7) .69

ORR 5 (%) 11 (6) 10 (5) .467 11 (5) 10 (5) .42

Abbreviations: HBBR, horizontal buccal bone resorption; ORR, osseus ridge resorption; VBBR, vertical buccal bone resorption.
*Wilcoxon rank-sum test (Mann–Whitney). ** Statistically significant.

TABLE 3 Spearman correlation between bone and soft tissue
baseline dimensions and osseus ridge resorption at 1 mm (%)

Per-protocol
analysis (n = 26)

Intention-to-treat
analysis (n = 30)

%ORR 1* %ORR 1*

BC thick 0.04 (0.42) �0.084 (0.68)

S-IC 0.14 (0.49) 0.19 (0.33)

S-OC 0.13 (0.53) 0.07 (0.70)

Soft tissue total thick �0.464 (0.02)** �0.597 (0.0012)**

CTG thick �0.457 (0.02)** �0.57 (0.002)**

Abbreviations: CTG; connective tissue graft; %ORR, percentage of osseus

ridge resorption.

*ρ, Rho di Spearman and p value.

**Statistically significant.
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were statistically significant (p = .0003 and p = .02, respectively). The

corresponding values in percentage were 22 ± 5% and 14 ± 6% at

1 mm and 17 ± 7% and 11 ± 7% at 2 mm, in control and test groups,

respectively (Table 2).

3.3.3 | Factors influencing bone resorption

The correlation analysis identified only a significant (negative)

relationship between the resorption of osseous ridge width (%

ORR) and the soft tissue total thickness, which includes STT at

baseline and the CTG thickness (r = �0.464, p = .02) (Table 3).

Scatterplots of the different correlations tested are shown in the

Supplementary file 1.

3.4 | Soft tissues dimensional changes

3.4.1 | Tissue contour

At 6-month follow-up examination, a horizontal reduction in the

dimensions of the tissue contours was observed in both test and con-

trol groups. This change in horizontal dimension was between �0.32

and �0.04 mm in the test group, and between �1.94 and �1.08 mm

in the control group. The pairwise analysis showed statistically signifi-

cant differences between the two groups at all levels (Table 4).

At 6 months, the mean volume increase was 6.76 ± 8.94 mm3

and 0.16 ± 0.42 mm3 in the test and control groups, respectively, with

statistically significant difference (p = .0015). For results of the PP

analysis, see Table 4.

3.4.2 | Soft tissue thickness

After 6 months, the test group experienced significantly more tissue

thickness gain at 1, 2, 3, 4, and 5 mm from the gingival margin than

the control group compared with baseline. This change ranged

between 1.33 and 2.42 mm in the test group, and between �0.16 and

0.88 mm in the control group (Table 4).

3.4.3 | KT width

At 6-month follow-up, the mean keratinized width was 3.64 ± 1.29 mm

and 4.53 ± 1.36 mm in the control and test groups respectively, with

no statistically significant difference (p = .14). There was a gain in the

dimension of KT, which was of 0.14 ± 1.28 mm and of 0.6 ± 1.71 mm

in the control and test groups, respectively (p = .51).

3.5 | Patient-reported outcomes

Post-operative pain and discomfort were evaluated with question-

naires using VAS at the 1-week post-operative appointment. Although

both procedures were well tolerated, a significant difference was

observed comparing the two procedures (ITT analysis—test group:

2.73 [1.62]; control group: 1.07 [0.70]; p = .0009; PP analysis—test

group: 2.73 [1.62]; control group: 1.09 [0.83]; p = .0049).

4 | DISCUSSION

4.1 | Hard tissue dimensional changes

IIP was introduced in order to reduce the number of surgical procedures

and potentially limit physiological reduction of the ridge dimensions fol-

lowing tooth extraction (Schulte & Heimke, 1976; Lazzara, 1989). The

present study confirms findings from previous investigations that this

procedure fails to prevent the horizontal and vertical ridge alterations

(Araujo et al., 2005; Vignoletti, Discepoli, et al., 2012; Vignoletti,

TABLE 4 Changes in linear and volumetric soft tissue contour (Δ STC) and in soft tissue thickness (Δ STT) among the two treatment groups

Per-protocol analysis Intention-to-treat analysis

Control group (n = 11) Test group (n = 15) p value* Control group (n = 15) Test group (n = 15) p value*

Δ STC 1 (mm) �1.94 (0.99) �0.32 (0.97) .002** �1.94 (0.83) �0.32 (0.97) .0007**

Δ STC 2 (mm) �1.85 (0.92) �0.04 (0.74) <.0001** �1.85 (0.78) �0.04 (0.74) .00003**

Δ STC 3 (mm) �1.57 (0.75) 0.11 (0.66) <.0001** �1.57 (0.63) 0.11 (0.66) .00001**

Δ STC 4 (mm) �1.30 (0.75) 0.18 (0.70) .0002** �1.30 (0.64) 0.18 (0.70) .00006**

Δ STC 5 (mm) �1.08 (0.80) 0.13 (0.81) .003** �1.08 (0.80) 0.13 (0.81) .004**

Δ STC volume (mm3) 0.16 (0.49) 6.76 (8.94) .002** 0.16 (0.42) 6.76 (8.94) .0015**

Δ STT 1 (mm) �0.16 (0.72) 1.47 (1.08) .0001** �0.16 (0.61) 1.47 (1.08) .00005**

Δ STT 2 (mm) 0.12 (0.83) 2.04 (1.18) .0002** 0.12 (0.70) 2.04 (1.18) .00008**

Δ STT 3 (mm) 0.81 (1.14) 2.42 (1.63) .007** 0.81 (0.96) 2.42 (1.63) .003**

Δ STT 4 (mm) 0.88 (1.05) 2.07 (1.22) .02** 0.88 (0.88) 2.07 (1.22) .008**

Δ STT 5 (mm) 0.11 (0.90) 1.33 (1.17) .01** 0.11 (0.76) 1.33 (1.17) .005**

*Wilcoxon rank-sum test (Mann–Whitney).

**Statistically significant.
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Matesanz, et al., 2012; Vignoletti & Sanz, 2014a, 2014b; Discepoli

et al., 2015).

Data of the current study reveal a reduction of the bone

height at 6 months of 0.6 mm, both in test (SD 0.53 mm) and con-

trol groups (SD 0.75 mm). These data suggest that the height of

the bone is only slightly modified during the healing phases, that

is, a stable clinical bone-to-implant relation can be achieved even

in the presence of a thin buccal socket wall (<1 mm). These data

are in agreement with the study by Sanz et al. (2017), which

reported 0.3 mm of vertical changes at the buccal crest both in

the test and the control groups.

When evaluating horizontal ridge resorption, results of the pre-

sent study show a reduction of 2.09 ± 0.53 mm (22 ± 5%) for the con-

trol group and 1.16 ± 0.51 mm (14 ± 6%) for the test group, with

statistically significant differences. The amount of horizontal ORR

observed in the control sites is comparable to the data reported by

previous studies, namely Sanz et al. (2017) (16%).

On the other hand, results from the test group are similar to

the results obtained with the use of a bone substitute graft in the

gap between the implant surface and the bone wall: Sanz et al.

(2017) reported horizontal mean changes of �1.26 ± 1.75 mm

(11%), whereas Clementini et al. (2019) reported a change of

�1.29 ± 0.38 mm (14.9 ± 4.9%). Therefore, it is conceivable that

the CTG will exert a protective effect on the crestal bone loss,

both augmenting the STT and providing a precise closure of

the gap.

Neither initial buccal bone thickness nor horizontal gap width

are significantly correlated with the amount of ORR. These results

are in agreement with previous findings (Tomasi et al., 2010;

Morimoto et al., 2015; Sanz et al., 2017). As a matter of fact, in the

current study bucco-lingual dimensions of the alveolar crest were

only influenced moderately by soft tissue total thickness, which

includes the gingival thickness at baseline and the CTG thickness.

This result is in contrast with the suggestion that the surgical

intervention utilized for the application of the CTG could

induce higher buccal bone loss because of the disruption in the

vascularization between the mucosa and periosteum (Zuiderveld

et al., 2021). On the contrary, the utilization of the proposed

surgical technique, the modified coronal advanced flap a with

split-full-split approach, maintains the integrity of the periosteal

vascularization in to the flap and it is ideal for flap closure that

should be passive and tension-free. Also, this technique presents

other advantages due to the absence of vertical incisions, which

will improve both flap vascularization and stability (Zucchelli

et al., 2009), while the coronal position of the margin will reduce

the risk of flap shrinkage (Baldini et al., 2010). Also, it must be

underlying that interdental papillae were not elevated, but main-

tained in position, this could be another factor could explain the

buccal bone protective effect.

In the current study, the mean buccal bone loss found is 44.6

± 16.8% for the control group and 38.82 ± 26.56% for the test

group, without statistically significant difference. The control

group data are similar to the results of Sanz et al., which showed

38% of buccal hard tissue loss in the non-grafted sites, and to

those of Botticelli et al., which found 56% of buccal bone loss

(Botticelli et al., 2004; Sanz et al., 2017).

Our results are not in accordance with Zuiderveled et al.: in

their work the connective tissue grafted sites showed higher buccal

bone loss resorption when compared to control ones (Zuiderveld

et al., 2021). The difference between the two studies could be

explained by the different surgical modalities (bone graft was used

to fill the gap in both groups) and by the different measurement

methodologies; in fact, the buccal bone resorption was measured

from the neck of the implant, while in the current study the refer-

ence point for the measurement is the most coronal point of

buccal bone.

4.2 | Soft tissue findings

Volumetric measurements using STL data demonstrated a pronounced

augmentation in tissue contour for the CTG group (6.76 ± 8.94 mm3)

when compared to control sites (0.16 ± 0.42 mm3) at 6-month follow-

up visit.

The observed loss of tissue volume that occurred in the control

group may be due to the reduction in width of the osseous ridge,

which was not completely compensated by the physiological increase

in STT (Chappuis et al., 2015).

The tissue contour in the test group was maintained at all level of

the measurements, including in the most coronal zone: this result can

be explained due to the position of the CTG, which was sutured to

the anatomical papillae, at the level of implant shoulder, so to cover

the gap between implant and buccal bone wall, in contrast with Sanz-

Martín et al.'s studies (2018, 2019).

When comparing the effect of a CTG on tissue contours after IIP,

it should be taken into account that all previous investigations have

utilized bone grafting in the gap. Nevertheless, results from the cur-

rent study were comparable to a recent study by Jiang et al. (2020),

which showed a similar contour reduction for the test groups,

although bone grafting was used.

Because extraction process itself may cause transient changes in

the dimension of the bone and soft tissues (Chappuis et al., 2015), in

the present study, we considered data before tooth extraction as the

baseline data to allow a more precise evaluation.

STT had a statistically significant increase for CTG sites when

compared to control group at 6-month follow-up. Hence, it appears

clear that the placement of a CTG maintained the tissue contour and

compensated for bone resorption.

When considering the keratinized tissue dimension, it is interest-

ing to notice that although the utilization of CTG, in the test group

the KT width did not differ from the control group. This finding is in

accordance with the study by Tavelli et al. (2021), which suggests that

the absence of the effect could be due to the different composition of

peri-implant soft tissues and vascularization when compared with

teeth. The absence of the increment of KT could also be explained by

the absence of shrinkage of the buccal flap.
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For a correct interpretation of the present study, the following

limitations need to be taken into account. The present RCT is a pilot

study, due to the lack of previous articles at the time of this protocol

design, which compare the effect of a CTG on radiographic vertical

buccal bone loss after IIP. The primary outcome and the correspond-

ing sample size calculation were based on vertical bone loss, which

could explain the lack of significant differences in some secondary

outcomes (HBBR) between both treatment groups.

At the same time though, significant differences were found for

soft tissue findings, although the power analysis does not apply to

them. Hence, these findings should be interpreted with caution until

further studies are performed.

In addition, four subjects in the control group did not complete

the follow-up and an intention-to-treat analysis was performed in

order to overcome this bias.

Furthermore, the present results should be interpreted consider-

ing the limited sample size analysed and a skewed distribution of the

implant location in the premolar region, which could have an influence

on the evaluation of hard tissue changes.

Data showing whether the bone resorption and the soft tissue

contour remain stable over the time, as well as data on the aesthetic

appearance and acceptance by the patient, should be included in the

future trials conducted with long-term follow-up on homogeneous

sample.

5 | CONCLUSIONS

The findings of the present study indicate that the adjunct of a

CTG at the time of IIP, without bone grafting, does not influence

vertical bone resorption. Nevertheless, the use of CTG seems to

reduce the horizontal changes of the alveolar ridge that occur.

Moreover, it allows maintenance of the tissue contour due to

an increase in STT. Nevertheless, data from the present study

have to be considered cautiously due to the dimensional limita-

tion. Further trials with long-term follow-up and a larger sample of

patients are needed.
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Abstract: The aim of the present study was to evaluate and compare the traditional “All on Four”
technique with digital smile designed computer-aided “All on Four” rehabilitation; with a 4-years
follow-up. The protocol was applied to a total of 50 patients randomly recruited and divided
in two groups. Digital protocol allows for a completely virtual planning of the exact position
of the fixtures, which allows one to perform a flapless surgery procedure with great accuracy
(mini-invasive surgery) and also it is possible to use virtually planned prostheses realized with
Computer-Aided Design/Computer-Aided Manufacturing (CAD/CAM) (methods for an immediate
loading of the implants. After 4 years from the treatments 98% of success were obtained for the
group of patients treated with the traditional protocol and 100% for the digital protocol. At each
time interval a significant difference in peri-implant crestal bone loss between the two groups
was detected; with an average Marginal Bone Loss (MBL) at 4 years of 1.12 ± 0.26 mm in the
traditional group and 0.83 ± 0.11 mm in the digital group. Patients belonging to the digital group
have judged the immediate loading (92%), digital smile preview (93%), the mock-up test (98%) and
guided surgery (94%) as very effective. All patients treated with a digital method reported lower
values of during-surgery and post-surgery pain compared to patients rehabilitated using traditional
treatment. In conclusion, the totally digital protocol described in the present study represents a valid
therapeutic alternative to the traditional “All on Four” protocol for implant-supported rehabilitations
of edentulous dental arches.

Keywords: dental implant; digital dentistry; full-arch rehabilitations; All on Four; implant survival;
implant-prosthodontic restorations

1. Introduction

The therapeutic efficacy of rehabilitations based on the use of a reduced number of
implants, with a high aesthetic and functional yield is now universally recognized [1–4].
Among the most adopted implantology protocols for the treatment of dental arches with
moderate/severe bone atrophy, the “All on Four” technique continues to achieve great
success among the scientific community [5–8]. This method involves the placement of
four implants: two axial ones positioned in the anterior sector and two inclined at about
30–35◦ with respect to the occlusal plane in the lateral alveolar areas . This inclination
allows it to distalize the implant emergency and to provide support to a prosthetic arch
up to the first molar, and to avoid any damage the noble structures such as the maxillary
sinus (upper arch) and the inferior alveolar vascular-nerve bundle (lower arch). This
also prevents the bone regeneration procedure in the presence of severe atrophies [5]. In
recent years, digital technologies have significantly changed the clinical dental practice
with regards to diagnosis, prosthetic planning, guided surgery and implant-supported
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rehabilitations [9–11]. With the recent introduction of software specifically programmed
for clinicians and dental technicians, it is possible to combine the aforementioned proce-
dures [12]. It is therefore possible to elaborate an implant-prosthetic rehabilitation, even in
the more complex scenarios, through the use of a software, thus having the opportunity to
previsualize the final result and consequently improve the communication between the
clinician and the patient, and between the prosthodontist, surgeon and dental technician,
also achieving a better quality of the project and the final result [13,14].

From 2014, clinicians of the Department of Dentistry of the Vita-Salute San Raffaele
University have developed and applied a specific digital protocol, which involves digital
implant-prosthetic planning, flapless-guided surgery and digital impression. Additionally,
more than 4 years later, the results of this work highlighted the main differences between a
digital and a traditional method.

The aim of the present study is therefore to describe and assess the two protocols on
two homogeneous groups of patients, evaluating:

• Marginal bone level values (at 12, 24, 36 and 48 months) by radiographic evaluation;
• Implant and prosthetic complications and failures;
• Appreciation by the patient of the procedures used;
• Evaluation of operative and post-operative pain.

2. Materials and Methods
2.1. Patients Selection

The implant-prosthetic protocol was conducted including a population of 50 patients
aged between 46 and 85, who underwent rehabilitation of the edentulous maxilla with a
reduced number of implants, At the Department of Dentistry (San Raffaele-Milan), directed
by Prof. E. F. Gherlone.

Twenty-five patients were randomly selected and subjected to the implant-prosthetic
protocol with the digital method. The remaining twenty-five underwent the traditional
“All on Four” protocol (Figure A5).

Inclusion criteria were: patients of any ethnicity over 18 years of age, male and female;
patients with good general health, without chronic disease (immunosuppression, untreated
coagulation problems, chemotherapy and radiotherapy, assumption of bisphosphonate
drugs, cardiac conditions and uncompensated diabetes). The selected patient must have
had at least one totally edentulous arch or with few hopeless elements, upper mouth
opening wider than 50 mm, sufficient bone available for implant fixtures placement: for
the edentulous maxilla the anatomical inclusion criterion was a residual ridge crest of a
minimum of 4 mm wide buccolingually and higher than 10 mm high from canine to canine;
for the lower maxilla a residual ridge crest at least 4 mm wide buccolingually and higher
than 8 mm high in the intraforaminal area.

Exclusion criteria were: smoking and drug habits, pregnancy, irregular or thin bone
crest and high smile line in the maxilla that would have needed bone reduction.

2.2. Clinical Procedure
2.2.1. First Appointment

In the Dentistry department of the Vita-Salute University of San Raffaele, patients
from both groups were examined in a preliminary oral examination.

During the appointment, after a detailed compilation of the medical and dental history,
the clinicians would confirm the presence of an edentulous maxilla or treat the patients
with few hopeless elements before the procedure with full mouth extractions and delivery
of a temporary immediate total prosthesis.

After that, the clinician prescribed an initial orthopantomography to the patient and
takes alginate impressions for the construction of occlusal rim, in order to produce a total
diagnostic prosthesis correct from an aesthetic and functional point of view.

Once it was clear that a patient could be included in the clinical protocol, he or she
signed a specific informed consent form for implant surgery with immediate loading.
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Before the next session, the patients were divided into two groups through a ran-
domization process: 25 patients underwent the digital protocol, and the remaining 25 was
treated with the traditional protocol. Randomization processes occurred by lots in closed
envelopes and were performed by a blinded operator.

2.2.2. Second Appointment

The patient underwent a professional oral hygiene session of the antagonist arch.
Photos of the edentulous jaw were taken (Figure 1) and the wax wall was “functionalized”
using a traditional method.
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2.2.3. Third Appointment (Traditional Protocol)

A prosthetic device structure and functionality test and an aesthetic/phonetic eval-
uation test were performed. Each patient filled out a one-dimensional Verbal Rating
Scale (VRS) for the assessment of his appreciation of the aesthetic test (1—very effective,
2—effective and 3—ineffective) (Figure A1). All these procedures then led to the realization
of a traditional provisional prosthetic device.

2.2.4. Fourth Appointment (Traditional Protocol): Surgical Phase and Immediate Loading
Prosthesis

One hour before surgery the patient received 2 g of amoxicillin (Zimox, Pfizer Italia,
Latina-Italy), who continued to assume 1 g twice a day for the week after surgical procedure.

After local anesthesia (4% articaine with 1:200.000 adrenaline), an incision was made
starting on the center of the ridge alongside the entire length of the ridge, from the area of
the first molar to the area of the first contralateral molar, with bilateral discharge incisions;
a full-thickness mucoperiosteal flap was elevated and a bone remodeling were performed,
if necessary to obtain a uniformly leveled bone crest.

Two-implant fixtures were inserted in the lateral alveolar areas , tilted by about
30–45 degrees relative to the occlusal plane. Then the two axial fixtures were inserted
in the anterior sector (Figure 2).

Winsix TTx implants (Biosafin S.R.L., Ancona-Italy) with a diameter of 3.3 or 3.8 and
length of 13 or 15 mm (Table 1) were used.

In the presence of bone with a well-represented trabecular portion, an under-preparation
has been performed, to obtain a high primary stability, necessary for the following immedi-
ate loading. The insertion torque range of all implants was 35–55 N/m.

EATx Winsix extreme abutments (Biosafin S.R.L., Ancona, Italy) of 0◦, 17◦ or 30◦ were
screwed in at 10–20 N/m, in order to compensate for the lack of parallelism between the
implants; the angle was chosen to obtain the position of the screw access hole at the occlusal
or lingual level of the prosthesis. The access flap was adapted and sutured with absorbable
4–0 sutures.
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Table 1. Implants’ diameters (D) and lengths (L).

L 11 mm L 13 mm L 15 mm

Traditional protocol
(n = 100)

Upper maxilla
(n = 60)

D 3.3 0 16 0
D 3.8 0 27 17

Lower maxilla
(n = 40)

D 3.3 0 12 0
D 3.8 0 19 9

Digital protocol
(n = 100)

Upper maxilla
(n = 68)

D 3.3 6 14 0
D 3.8 12 32 6

Lower maxilla
(n = 32)

D 3.3 0 6 0
D 3.8 4 22 0

At the end of the surgery, specific temporary abutments for immediate loading (EAx,
Biosafin S.R.L., Ancona, Italy) were placed, mucosa was isolated with a dental dam and
the prosthesis was adapted and relined directly into the patient’s mouth with cold resin.

The prosthesis was then refined and polished in the on-site laboratory, where the
palatal portion was removed. Finally, the prosthetic device was screwed back in the
patient’s mouth to obtain immediate loading of the implants.

2.2.5. Third Appointment (Digital Protocol)

During the third visit, an occlusal rim was tested. The rim was previously functional-
ized according to traditional phonetic and aesthetic criteria.

The specific photographic protocol for digital planning, including intraoral and extrao-
ral photos of the patient was performed. All the pictures were taken with the occlusal rim
positioned inside the patient’s mouth with landmarks positioned on the anterior portion
of the rim. These landmarks allow for the alignment of the photograph and the Standard
Triangle Language (STL) ile inside the CAD Software (on both sides the canine line and the
intermediate line between canine line and median line).

Two extraoral photos were also taken with a specific measurement marker positioned
on the side of the patient’s face. These will be used for the realization of a two-dimensional
digital project of the new smile (smile design). A VRS one-dimensional scale (1—very
effective, 2—effective and 3—ineffective) for assessing the patient’s appreciation of the
computerized previsualization of the prosthetic project was submitted to the patients
(Figure A3).

Between the third and fourth appointments two-dimensional digital project of the
new smile was realized using the Smile Lynx software (8853 S.P.A., Milan, Italy).

The scans of the edentulous model and the previously mentioned occlusal rim were
obtained using a laboratory scanner (MyRay 3Di TS, Cefla, Italy). Then, the scans were
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matched with the 2D digital project within the CAD software (CAD Lynx 8853 S.P.A.,
Milan, Italy), thus allowing the three-dimensional design of the prosthesis (Figure 3).
The provisional total prosthesis complete with the palatal portion was milled in PMMA
(Poly(methyl methacrylate)) by a five-axis CAD/CAM milling machine (Figure 4).
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2.2.6. Fourth Appointment (Digital Protocol)

A mock-up test, using the provisional prosthesis, was performed trying the aesthetic
appearance of the definitive prosthetic device. The patients then filled a one-dimensional
VRS scale for the assessment of their appreciation of the mock-up test (Figure A1).

A specific device with the radiographic landmark (Evo-Bite with 3D-Marker, 3DIEMME,
Como, Italy) was then adapted to the prosthesis directly in the oral cavity with radio-
transparent silicon and delivered to the patient at the end of the appointment for the
radiological exam.

Various scans were then acquired with the same spatial coordinates: one of the
stereolithographic model alone, one of the temporary prothesis placed on the model and
one of the prothesis on the model with the Evo bite positioned on it (3D-Marker, 3DIEMME,
Como, Italy).

A CBCT (Cone Beam Computed Tomography) was prescribed to the patient. This
exam had to be taken with the patient wearing the temporary prosthesis with the Evo-Bite
positioned on it, including an additional radiopaque marker to be used as a reference for
the following radiologic evaluation (Scan Marker, 3DIEMME, Como, Italy).

Using the RealGuide Implant Design Software (3DIEMME, Milan, Italy), the Digital
Imaging and Communications in Medicine (DICOM) data of the patient’s CBCT was then
matched within the STL data of the previously mentioned scans, and the virtual position of
the implants was planned, based on the aesthetic prosthetic project (Figures 5 and 6). The
implant project was then sent to the laboratory for the realization of the stereolithographic
model, which reported the exact sites for the placement of the analogs, and the surgical
guide (3DIEMME, Milan, Italy) (Figure 7).
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An hour before the surgery, 2 g of amoxicillin+clavulanic acid were given to the
patient, which continued to assume for the following week (1 g twice a day).
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After local anesthesia (4% articaine with 1:200.000 adrenaline), the surgical template
was positioned and fixed in the patient’s oral cavity (Figure 8). The implants were inserted
through the surgical guide, with the flapless technique, using a preordained sequence
of drills dedicated to guided surgery (Figure 9). The two-implant fixtures were inserted
in the lateral alveolar areas , tilted by about 30–45 degrees relative to the occlusal plane.
Then the two axial fixtures were carried out in the anterior portion (Figure 1). Winsix TTx
implants (Biosafin S.R.L., Ancona, Italy) with a diameter of 3.3 or 3.8, 11 or 13 mm length
for the axial fixtures and 13 or 15 mm length for the tilted implants (Table 1) were used. All
implants were inserted with 35–55 N/m torque.
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Figure 9. Flapless surgery.

The EATx WinSix extreme abutments (Biosafin SRL, Ancona, Italy) of 0◦, 17◦ or 30◦

were screwed on at 10–20 N/cm, previously selected according to the prosthetic-implant
project within the specific software for guided surgery, to offset for the lack of parallelism
between implants. The angle was chosen to obtain the position of the screw access hole at
the occlusal or lingual level of the prosthesis.

Specific temporary abutments (EAx, Biosafin S.R.L., Ancona, Italy) were placed, and
the mucosa was isolated with a dental dam sheet. Immediate loading was then performed,
positioning the provisional prosthetic device that had adapted and relined directly with
pink cold resin. The device was then refined in the laboratory, where the palatal portion
was removed (Figure 10). Finally, the prosthetic device was screwed back in the patient’s
mouth (Figure 11).
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After all the surgical-prosthetic procedures, a visual analog scale (VAS.) was submitted
to both groups to evaluate pain (during and post surgery), with values from 0 (absent pain)
to 10 (the maximum possible pain) (Figure A2).

2.2.8. Final Prosthesis

Four months after the surgery, an impression was taken.
From the traditional group, prosthetic rehabilitations were manufactured using con-

ventional pick-up impression. Impression transfers were screwed over the fixtures and the
impression material used was Impregum (Impregum Penta, 3M Italia, Pioltello, Italy).

In the digital group, an intraoral scanner was used. Scan bodies (for TTx, Winsix,
Biosafin S.R.L., Ancona, Italy) were screwed over the fixtures and splinted together. The
intraoral scanner used was a Carestream CS 3500 (Version 2.5 Acquisition Software, Care-
stream Dental LLC, Atlanta, GA, USA).

Monolithic zirconia with vestibular ceramization final prostheses were delivered using
CAD-CAM technology in both groups (Figure 12).

A final orthopantomography was prescribed to the patient (Figure 13).
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2.3. Follow-Up

Follow-up visits were performed at 12, 24, 36 and 48 months after the surgery. These
appointments provided for radiographic analysis for the evaluation of marginal bone loss.
The intraoral radiographs were made with the long cone parallel technique, performing
the radiography perpendicular to the longitudinal axis of the implant, using a custom
occlusal model to measure the level of the marginal bone. It was then possible to measure
the difference in bone level through specific software (DIGORA 2.5, Soredex, Tuusula,
Finland), calibrated for each image using the implant diameter calculated on the most
coronal portion of the implant neck. The linear distance between the most coronal point of
the BIC. (bone–implant contact) and the coronal margin of the implant neck was measured
on both mesial and distal sides, at the value closest to 0.01 mm, and then a mean value
was calculated.

Besides, professional oral hygiene procedures were performed six months after im-
plant placement and every four months after that.

2.4. Statistical Analysis

Dedicated software (GraphPad Prism 8.1.2, GraphPad Software Inc., California, United
States) was used for statistical analysis. Peri-implant bone level measurements were
reported as mean ± standard deviation values at 12, 24, 36 and 48 months. Through the
one-way ANOVA test (p < 0.05), peri-implant bone loss was compared between the two
groups at each time interval (12, 24, 36 and 48 months) and within each group by analyzing
each time stage with the following ones.
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3. Results

From March 2014 to January 2015, 50 patients were selected at the Department of
Dentistry of the IRCCS Ospedale San Raffaele in Milan. A total of 200 Winsix TTx implants
(Biosafin SRL, Ancona, Italy) of a diameter of 3.3 or 3.8 mm were positioned. Of them
100 were used in 25 cases of full-arch rehabilitations performed with the traditional All
on Four method. The other 100 implants were used in 25 cases of full-arch rehabilitations
performed with the digital method (Table 1).

All patients received a temporary prosthetic device and, after 6 months from the
procedure, a definitive prosthetic device. All implants were inserted at a torque of at least
35 Ncm and were subjected to immediate loading.

3.1. Implant Failure and Complications

Among the patients rehabilitated according to the traditional protocol, during the first
4 months after implant insertion, 2 failures were recorded, one in the upper maxilla and
one in the lower maxilla, both concerning tilted implants (Table 2). The implant fixtures
were immediately replaced without compromising the prosthetic function. In patients
rehabilitated with the digital protocol 100% implant survival was achieved.

Table 2. Survival rate.

Implants Positioned Failed Implants Implant Survival (%)

Traditional Protocol
Upper maxilla

(n = 60)
Axial 30 0 100%
Tilted 30 1 96.67%

Lower maxilla
(n = 40)

Axial 20 0 100%
Tilted 20 1 95.00%

Digital protocol
Upper maxilla

(n = 68)
Axial 34 0 100%
Tilted 34 0 100%

Lower maxilla
(n = 32)

Axial 16 0 100%
Tilted 16 0 100%

A patient treated with the traditional protocol showed discomfort, pain, swelling and
the presence of pus three months after surgery, while no episode of peri-implantitis, pain,
paresthesia or pus was observed among the patients rehabilitated according to the digital
protocol (Table 3).

Table 3. Implant failure and complications.

Traditional Protocol Digital Protocol

Months 12 24 36 48 12 24 36 48

n % n % n % n % n % n % n % n %
Implant failures 2 2% 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Peri-implantitis 1 1% 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fixture fractures 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Unscrewing 3 3% 1 1% 0 0 1 1% 2 2% 1 1% 1 1% 1 1%
Provisional prosthetic fractures 2 n.a / / / 2 n.a / / /
Definitive prosthetic Chipping 1 n.a 0 0 0 0 0 0 0 0 1 n.a 0 0 0 0

Pus 1 n.a 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pain 1 n.a 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Paresthesia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Two fractures of the provisional prosthetic device were recorded for each group. Oc-
clusal screw loosening of provisional prosthesis was observed in five cases: three were
treated with a traditional method and two with the digital method. In the definitive pros-
theses, a 24-month and 48-month unscrewing was reported in rehabilitations performed
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with a traditional method, while in digitally treated patients an unscrewing at 24 months,
one at 36 months and a further 48 (Table 3).

At 12 months, a case of chipping of the definitive device obtained using the traditional
method was found. At 24 months a case of chipping of a definitive prosthesis obtained
by the digital method was observed (Table 3). In both cases, direct repair of the existing
prosthesis was performed.

3.2. Marginal Bone Level

The marginal bone level (MBL) was recorded during follow-up at 12, 24, 36 and 48
months (Table 4) through radiographic evaluation.

Table 4. Marginal bone level.

12 Months 24 Months 36 Months 48 Months

Traditional protocol
mm mm mm mm

Upper maxilla Axial (n = 30) 1.02 ± 0.33 1.08 ± 0.34 1.10 ± 0.32 1.11 ± 0.32
Tilted (n = 30) 1.05 ± 0.27 1.08 ± 0.26 1.11 ± 0.25 1.13 ± 0.24

Lower maxilla
Axial (n = 20) 1.04 ± 0.28 1.05 ± 0.26 1.06 ± 0.26 1.08 ± 0.25
Tilted (n = 20) 1.05 ± 0.29 1.09 ± 0.25 1.12 ± 0.23 1.13 ± 0.23

Total n = 100 1.04 ± 0.29 1.08 ± 0.28 1.10 ± 0.27 1.12 ± 0.26
Digital protocol

Upper maxilla Axial (n = 34) 0.65 ± 0.10 0.72 ± 0.13 0.76 ± 0.11 0.8 ± 0.10
Tilted (n = 34) 0.69 ± 0.11 0.78 ± 0.11 0.81 ± 0.11 0.85 ± 0.10

Lower maxilla
Axial (n = 16) 0.69 ± 0.19 0.73 ± 0.16 0.79 ± 0.14 0.82 ± 0.15
Tilted (n = 16) 0.71 ± 0.14 0.77 ± 0.11 0.80 ± 0.10 0.84 ± 0.10

Total n = 100 0.68 ± 0.13 0.75 ± 0.13 0.79 ± 0.11
* 0.83 ± 0.11 *

p value
(Total Traditional vs. Total Digital) <0.0001 <0.0001 <0.0001 <0.0001

* p < 0.05 vs. 12 months digital group.

As for patients treated with the traditional protocol, the loss of peri-implant crestal
bone over time has remained constant. At 48 months the mean value for bone loss for axial
implants in the maxilla was 1.11 ± 0.32 mm (n = 30), 1.13 ± 0.24 mm for tilted implants in
the maxilla (n = 30), 1.08 ± 0.25 for axial implants in the jaw (n = 20) and 1.13 ± 0.26 for
jaw tilted implants (n = 20) (Table 4).

Bone loss in patients treated with the digital protocol at 48 months was 0.8 ± 0.10 mm
for axial jaw implants (n = 34), 0.85 ± 10 mm for tilted jaw implants (n = 34), 1.08 ± 0.25 mm
for axial implants in the lower maxilla (n = 16) and 1.13 ± 0.23 mm for tilted implants in
the lower maxilla (n = 16) (Table 4).

The difference in the MBL between the two groups was statistically significant
(p < 0.0001) in each time interval. The difference within each group at different time
intervals was significant only between the average MBL of the digital group at 12 months
compared to the same group at 36 months (p = 0.0066) and 48 months (p < 0.0001).

3.3. Patients’ Appreciation

Patients treated with the traditional protocol considered immediate loading with a
temporary prosthesis to be very effective (95%). As for the mock-up test, 45% of the patients
considered it very effective, 37% effective and 18% considered it ineffective. Traditional
surgery was rated as very effective by 71% of patients and effective for the remaining 29%
(Table 5). Patients treated with the digital protocol considered digital smile previsualization
(93%), mock-up test (98%), guided surgery (94%) and immediate loading (92%) to be very
effective (Table 5).
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Table 5. Patients’ appreciation.

Very Effective Effective Ineffective

Traditional protocol
Mock-up test 45% 37% 18%

Traditional surgery 71% 29% 0%
Immediate loading 95% 5% 0%

Digital protocol
Digital smile previsualization 93% 7% 0%

Mock-up test 98% 2% 0%
Guided surgery 94% 6% 0%

Immediate loading 92% 8% 0%

At the end of the surgical procedures and after seven days (Figure A4), a visual analog
scale (VAS) was submitted to the patients for the evaluation of postoperative pain. All
patients belonging to the group treated with the digital method, which provides flapless
surgery, reported a significantly lower value of pain compared to patients treated with the
traditional method.

4. Discussion

The aim of this study was to evaluate the survival rate of implant-prosthetic rehabili-
tations in patients with an edentulous arch, rehabilitated according to an entirely digital
protocol, in order to understand the value of this approach in the prosthetic and surgi-
cal phases of treatment, comparing with the traditional “All on Four” method, already
validated by numerous studies in the literature [5–8].

Capparé et al. and Gherlone et al. demonstrate that “All on Four” method can also be
used in HIV-positive patients with a stable immune system [15–17].

The digital planning of the implant-prosthetic rehabilitation begins with the use of
Smile Design, which allows one to obtain a two-dimensional project of the patient’s future
smile. This allows a correct planning of rehabilitation in aesthetic terms, improves the
interaction between specialists and communication with the patient, all of whom have
been shown to appreciate the previsualization, and therefore allows a higher quality of
treatment, as already described by Coachman et al. in 2017 [18].

Patients’ appreciation of digital aesthetic planning has also been described by Cattoni
et al. in 2016, through the use of a VAS-type scale, which would measure the happiness of
each subject with final aesthetic result of the placement of ceramic crowns and veneers in
the anterior areas [19].

It has also been evaluated by Cattoni et al. in 2020 that there’s a possible neurocognitive
measure of how the perception of oneself can change as a significant consequence of
aesthetic prosthetic rehabilitation reduced for all the other conditions, including self-
portraying pictures before the intervention, and pictures of others. Most importantly, the
study reports that, among all self-retracting faces in the different stages of the prosthetic
rehabilitation, those portraying the subject in her/his actual physiognomy have a somewhat
special status in eliciting selectively greater brain activation in the supplementary motor
area (SMA) [20].

A specific software that allows the transition from the two-dimensional previsualiza-
tion of the smile to a three-dimensional volumetric study and then a CAD-CAM processing
for the realization of the prosthetic product were used, as also described by Coachman et al.
in 2017 [18].

It was reported in the literature in 2014 by Kapos et al. that the survival rates of
crowns, abutments and superstructures made with the CAD-CAM technology are similar
to those of the same manufactured with traditional methods [21].

The digital construction of the prosthetic device can be accompanied by the digital
planning of the surgical procedure, due to the matching between the data of the prosthetic
project and the data obtained by the CBCT, as described by several authors [22,23].
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Schneider et al. in 2009 and Vinci et al. in 2020, and other authors, showed the efficacy
and accuracy of computer-assisted implant surgery [24,25].

The overlap of intra- and extra-oral photographs, models, intraoral scans and CBCT
is recognized as a reliable procedure by the fifth Consensus Conference of the European
Association of Osseointegration of 2015 [26].

Meloni et al. in 2010 in a retrospective analysis conducted on 15 patients, described the
possibility of planning implant surgery in a guided and flapless way and with immediate
loading [27]. This has also been confirmed by other authors such as Komiyama et al. in
2012 [28].

The present study involves the use of a mucosal-supported surgical templates, and
Gallardo et al. in 2016 and Vinci et al. in 2020 confirmed that this is a predictable procedure
for implant placement [25,29].

It is widely known that a method that involves flapless implant insertion greatly
reduces post-operative pain and discomfort during and after surgery, compared to open
flap procedures, as also demonstrated in the present study [30,31].

Similarly, the main advantages of computer-assisted implant surgery, as already
described by Hultin et al. in 2012, are the significant reduction of pain and postoperative
discomfort for the patient, and the possibility of creating a temporary prosthesis to be used
for the immediate functionalization of the implants [32].

The main disadvantages of guided surgery, as already described in 2009 by Schneider
et al., Vinci et al. in 2020 and D’Haese et al. in 2009 are [24,25,33]:

• A potential damage to the bone due to insufficient irrigation;
• The inability to visualize the surgical anatomical landmarks;
• The increased risk of error in implant positioning with increasing degrees of maxillary

bone atrophy;
• A disparity between the virtual plan and the actual position of the implant in the oral

cavity at the end of the surgery;
• Difficulty in positioning the surgical template both during the CBCT Scan and during

the surgical procedures.

As Malo et al. said in 2007, there are several contraindications, which include: insuffi-
cient bone volume, remaining teeth that interfere with the planning for implant placement,
insufficient mouth opening to accommodate surgical instrumentation of at least 50 mm or
bone reduction needed due to a high smile line in the maxilla, irregular bone crest or thin
bone crest [34]. Inclusion criteria of the present study included all these contraindications,
especially insufficient bone volume.

Accuracy and predictability of the intraoral scanner for implant full-arch rehabilita-
tions are demonstrated by many authors so digital impressions is a viable alternative to
analog techniques [35,36].

The levels of peri-implant bone loss obtained in the present study have proved to be
similar to those reported by other authors in the literature, both for the group of patients
treated with traditional surgery, and for the group treated with guided surgery [7,34,37].

The present clinical trial has some limitations, the main one is the follow-up. This type
of studies would need longer follow-up. Further studies with a larger number of patients
are also needed.

5. Conclusions

The obtained results show that the present protocol that is entirely digital, represents a
valid therapeutic alternative to the traditional “All on Four” protocol for implant-supported
rehabilitation of edentulous arches. However more long-term prospective clinical trials
are needed to confirm the effectiveness of the surgical-prosthetic protocols used in this
study and it is good not to underestimate the design difficulties: to be successful, a
broad knowledge and mastery of topographical anatomy, radiographic imaging, surgical
techniques and prosthetic procedures are essential.
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It is necessary to select more carefully the clinical cases subject to both methods, as
described previously in the inclusion and exclusion criteria.

Ultimately with the evolution of technologies, it is hoped that a digital workflow can
be further simplified and increasingly within reach of each clinician.
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loaded with fixed prostheses at implant placement. Int. J. Oral Maxillofac. Implant. 1997, 12, 495–503. 

7. Crespi, R.; Vinci, R.; Capparé, P.; Romanos, G.E.; Gherlone, E. A clinical study of edentulous patients rehabilitated according to 
the “all on four” immediate function protocol. Int. J. Oral Maxillofac. Implant. 2012, 27, 428–434. 

8. Engstrand, P.; Grondahl, K.; Öhrnell, L.-O.; Nilsson, P.; Nannmark, U.; Branemark, P.-I. Prospective Follow-Up Study of 95 
Patients with Edentulous Mandibles Treated According to the Branemark Novum Concept. Clin. Implant. Dent. Relat. Res. 2003, 
5, 3–10, doi:10.1111/j.1708-8208.2003.tb00176.x. 

9. Makkad, R.S.; Hamdani, S.; Agrawal, A. Cone Beam Computed Tomography in Dentistry: Principle, Application & Diagnosis; Lap 
Lambert Academic Publishing: Saarbrücken, Germany, 2012. 

10. Jung, R.E.; Schneider, D.; Ganeles, J.; Wismeijer, D.; Zwahlen, M.; Hämmerle, C.H.F.; Tahmaseb, A. Computer technology ap-
plications in surgical implant dentistry: A systematic review. Int. J. Oral Maxillofac. Implant. 2009, 24, 92–109. 

11. Joda, T.; Bragger, U. Complete digital workflow for the production of implant-supported single-unit monolithic crowns. Clin. 
Oral Implant. Res. 2013, 25, 1304–1306, doi:10.1111/clr.12270. 

12. Coachman, C.; Calamita, M.A.; Coachman, F.G.; Coachman, R.G.; Sesma, N. Facially generated and cephalometric guided 3D 
digital design for complete mouth implant rehabilitation: A clinical report. J. Prosthet. Dent. 2017, 117, 577–586, 
doi:10.1016/j.prosdent.2016.09.005. 

Figure A5. Consort flow diagram.



60

2021SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

Int. J. Environ. Res. Public Health 2021, 18, 3449 17 of 18

References
1. Brånemark, P.I.; Hansson, B.O.; Adell, R.; Breine, U.; Lindström, J.; Hallén, O.; Ohman, A. Osseointegrated implants in the

treatment of the edentulous jaw. Experience from a 10-year period. Scand. J. Plast. Reconstr. Surg. Suppl. 1977, 16, 1–132.
2. Duyck, J.; Van Oosterwyck, H.; Sloten, J.V.; De Cooman, M.; Puers, R.; Naert, I. Magnitude and distribution of occlusal forces on

oral implants supporting fixed prostheses: An in vivo study. Clin. Oral Implant. Res. 2000, 11, 465–475. [CrossRef] [PubMed]
3. Capelli, M.; Zuffetti, F.; Del Fabbro, M.; Testori, T. Immediate rehabilitation of the completely edentulous jaw with fixed prostheses

supported by either upright or tilted implants: A multicenter clinical study. Int. J. Oral Maxillofac. Implant. 2007, 22, 639–644.
4. Hinze, M.; Thalmair, T.; Bolz, W.; Wachtel, H. Immediate loading of fixed provisional prostheses using four implants for the

rehabilitation of the edentulous arch: A prospective clinical study. Int. J. Oral Maxillofac. Implant. 2010, 25, 1011–1018.
5. Malo, P.; Rangert, B.; Nobre, M. “All-on-Four” immediate function concept with Brånemark system implants for completely

edentulous mandibles: A retrospective clinical study. Clin. Implant Dent. Res. 2003, 5 (Suppl. 1), 2–9. [CrossRef]
6. Schnitman, P.A.; Wohrle, P.S.; Rubenstein, J.E.; DaSilva, J.D.; Wang, N.H. Ten-year results for Brånemark implants immediately

loaded with fixed prostheses at implant placement. Int. J. Oral Maxillofac. Implant. 1997, 12, 495–503.
7. Crespi, R.; Vinci, R.; Capparé, P.; Romanos, G.E.; Gherlone, E. A clinical study of edentulous patients rehabilitated according to

the “all on four” immediate function protocol. Int. J. Oral Maxillofac. Implant. 2012, 27, 428–434.
8. Engstrand, P.; Grondahl, K.; Öhrnell, L.-O.; Nilsson, P.; Nannmark, U.; Branemark, P.-I. Prospective Follow-Up Study of 95

Patients with Edentulous Mandibles Treated According to the Branemark Novum Concept. Clin. Implant. Dent. Relat. Res. 2003,
5, 3–10. [CrossRef] [PubMed]

9. Makkad, R.S.; Hamdani, S.; Agrawal, A. Cone Beam Computed Tomography in Dentistry: Principle, Application & Diagnosis; Lap
Lambert Academic Publishing: Saarbrücken, Germany, 2012.

10. Jung, R.E.; Schneider, D.; Ganeles, J.; Wismeijer, D.; Zwahlen, M.; Hämmerle, C.H.F.; Tahmaseb, A. Computer technology
applications in surgical implant dentistry: A systematic review. Int. J. Oral Maxillofac. Implant. 2009, 24, 92–109.

11. Joda, T.; Bragger, U. Complete digital workflow for the production of implant-supported single-unit monolithic crowns. Clin.
Oral Implant. Res. 2013, 25, 1304–1306. [CrossRef] [PubMed]

12. Coachman, C.; Calamita, M.A.; Coachman, F.G.; Coachman, R.G.; Sesma, N. Facially generated and cephalometric guided 3D
digital design for complete mouth implant rehabilitation: A clinical report. J. Prosthet. Dent. 2017, 117, 577–586. [CrossRef]

13. Gastaldi, G.; Gherlone, E.; Manacorda, M.; Ferrini, F.; Bova, F.; Vinci, R.; Cattoni, F. A 3-D CAD/CAM technique in full-arch
implant supported rehabilitations: The Virtual Implant-Prosthetic Procedure (VIPP Technique). A prospective longitudinal study.
J. Osseointegr. 2018, 10, 2–10.

14. Marradi, F.; Staderini, E.; Zimbalatti, M.A.; Rossi, A.; Grippaudo, C.; Gallenzi, P. How to Obtain an Orthodontic Virtual Patient
through Superimposition of Three-Dimensional Data: A Systematic Review. Appl. Sci. 2020, 10, 5354. [CrossRef]

15. Capparé, P.; Teté, G.; Romanos, G.E.; Nagni, M.; Sannino, G.; Gherlone, E.F. The ’All-on-four’ protocol in HIV-positive patients: A
prospective, longitudinal 7-year clinical study. Int. J. Oral Implantol. 2019, 12, 501–510.

16. Gherlone, E.F.; Capparé, P.; Tecco, S.; Polizzi, E.; Pantaleo, G.; Gastaldi, G.; Grusovin, M.G. A Prospective Longitudinal Study on
Implant Prosthetic Rehabilitation in Controlled HIV-Positive Patients with 1-Year Follow-Up: The Role of CD4+ Level, Smoking
Habits, and Oral Hygiene. Clin. Implant. Dent. Relat. Res. 2015, 18, 955–964. [CrossRef]

17. Gherlone, E.F.; Capparé, P.; Tecco, S.; Polizzi, E.; Pantaleo, G.; Gastaldi, G.; Grusovin, M.G. Implant Prosthetic Rehabilitation in
Controlled HIV-Positive Patients: A Prospective Longitudinal Study with 1-Year Follow-Up. Clin. Implant. Dent. Relat. Res. 2016,
18, 725–734. [CrossRef] [PubMed]

18. Coachman, C.; Calamita, M.; Sesma, N. Dynamic Documentation of the Smile and the 2D/3D Digital Smile Design Process. Int. J.
Periodontics Restor. Dent. 2017, 37, 183–193. [CrossRef]

19. Cattoni, F.; Mastrangelo, F.; Gherlone, E.F.; Gastaldi, G. A New Total Digital Smile Planning Technique (3D-DSP) to Fabricate
CAD-CAM Mockups for Esthetic Crowns and Veneers. Int. J. Dent. 2016, 2016, 1–5. [CrossRef] [PubMed]

20. Cattoni, F.; Tetè, G.; Uccioli, R.; Manazza, F.; Gastaldi, G.; Perani, D. An fMRI Study on Self-Perception of Patients after Aesthetic
Implant-Prosthetic Rehabilitation. Int. J. Environ. Res. Public Health 2020, 17, 588. [CrossRef] [PubMed]

21. Kapos, T.; Evans, C. CAD/CAM Technology for Implant Abutments, Crowns, and Superstructures. Int. J. Oral Maxillofac. Implant.
2014, 29, 117–136. [CrossRef]

22. Lee, C.Y.; Ganz, S.D.; Wong, N.; Suzuki, J.B. Use of cone beam computed tomography and a laser intraoral scanner in virtual
dental implant surgery: Part 1. Implant Dent. 2012, 21, 265–271. [CrossRef] [PubMed]

23. Joda, T.; Bragger, U.; Gallucci, G. Systematic Literature Review of Digital Three-Dimensional Superimposition Techniques to
Create Virtual Dental Patients. Int. J. Oral Maxillofac. Implant. 2015, 30, 330–337. [CrossRef]

24. Schneider, D.; Marquardt, P.; Zwahlen, M.; Jung, R.E. A systematic review on the accuracy and the clinical outcome of computer-
guided template-based implant dentistry. Clin. Oral Implant. Res. 2009, 20, 73–86. [CrossRef]

25. Vinci, R.; Manacorda, M.; Abundo, R.; Lucchina, A.; Scarano, A.; Crocetta, C.; Muzio, L.L.; Gherlone, E.; Mastrangelo, F. Accuracy
of Edentulous Computer-Aided Implant Surgery as Compared to Virtual Planning: A Retrospective Multicenter Study. J. Clin.
Med. 2020, 9, 774. [CrossRef]

26. Hammerle, C.F.; Cordaro, L.; Van Assche, N.; Benic, G.I.; Bornstein, M.; Gamper, F. Digital technologies to support planning,
treatment and fabrication processes and outcome assessments in implant dentistry. summary and consensus statements. The 4th
EAO consensus conference, 2015. Clin. Oral Implant. Res. 2015, 26, 97–101.



61

2021 SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

Int. J. Environ. Res. Public Health 2021, 18, 3449 18 of 18

27. Meloni, S.M.; De Riu, G.; Pisano, M.; Cattina, G.; Tullio, A. Implant treatment software planning and guided flapless surgery with
immediate provisional prosthesis delivery in the fully edentulous maxilla. A retrospective analysis of 15 consecutively treated
patients. Eur. J. Oral Implantol. 2010, 3, 245–251. [PubMed]

28. Komiyama, A.; Klinge, B.; Hultin, M. Treatment outcome of immediately loaded implants installed in edentulous jaws following
computer-assisted virtual treatment planning and flapless surgery. Clin. Oral Implant. Res. 2008, 19, 677–685. [CrossRef]

29. Gallardo, Y.N.R.; Da Silva-Olivio, I.R.T.; Mukai, E.; Morimoto, S.; Sesma, N.; Cordaro, L. Accuracy comparison of guided surgery
for dental implants according to the tissue of support: A systematic review and meta-analysis. Clin. Oral Implant. Res. 2017, 28,
602–612. [CrossRef]

30. Fortin, T.; Bosson, J.L.; Isidori, M.; Blanchet, E. Effect of flapless surgery on pain experienced in implant placement using an
image-guided system. Int. J. Oral Maxillofac. Implant. 2006, 21, 298–304.

31. Yamada, J.; Kori, H.; Tsukiyama, Y.; Matsushita, Y.; Kamo, M.; Koyano, K. Immediate Loading of Complete-Arch Fixed Prostheses
for Edentulous Maxillae After Flapless Guided Implant Placement: A 1-Year Prospective Clinical Study. Int. J. Oral Maxillofac.
Implant. 2015, 30, 184–193. [CrossRef] [PubMed]

32. Hultin, M.; Svensson, K.G.; Trulsson, M. Clinical advantages of computer-guided implant placement: A systematic review. Clin.
Oral Implant. Res. 2012, 23 (Suppl. 6), 124–135. [CrossRef]

33. D’Haese, J.; Van De Velde, T.; Elaut, L.; De Bruyn, H. A Prospective Study on the Accuracy of Mucosally Supported Stere-
olithographic Surgical Guides in Fully Edentulous Maxillae. Clin. Implant. Dent. Relat. Res. 2009, 14, 293–303. [CrossRef]
[PubMed]

34. Malo, P.; Nobre, M.D.A.; Lopes, A. The use of computer-guided flapless implant surgery and four implants placed in immediate
function to support a fixed denture: Preliminary results after a mean follow-up period of thirteen months. J. Prosthet. Dent. 2007,
97 (Suppl. 6), S26–S34. [CrossRef]

35. Cappare, P.; Sannino, G.; Minoli, M.; Montemezzi, P.; Ferrini, F. Conventional versus Digital Impressions for Full Arch Screw-
Retained Maxillary Rehabilitations: A Randomized Clinical Trial. Int. J. Environ. Res. Public Health 2019, 16, 829. [CrossRef]
[PubMed]

36. Gherlone, E.F.; Ferrini, F.; Crespi, R.; Gastaldi, G.; Capparé, P. Digital Impressions for Fabrication of Definitive “All-on-Four”
Restorations. Implant. Dent. 2015, 24, 125–129. [CrossRef] [PubMed]

37. Krekmanov, L.; Kahn, M.; Rangert, B.; Lindstrom, H. Tilting of posterior mandibular and maxillary implants of improbe prosthesis
support. Int. J. Oral Maxillofac. Implant. 2000, 15, 405–414.



62

2021SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

Case Report
Peri-Implant Tissue Adaptation after Implant Rehabilitation with
Shoulderless Abutments with 24 Months of Follow-Up

Luca Casula ,1 Alex Gillone ,2 and Davide Musu 3

1Oral Surgery Resident, Vita Salute University, Milan, Italy
2Division Director of Periodontology, East Carolina University, Greenville, USA
3Department of Endodontology, Academic Centre for Dentistry Amsterdam (ACTA), Amsterdam, Netherlands

Correspondence should be addressed to Davide Musu; davidemusu.dds@gmail.com

Received 4 October 2020; Revised 13 December 2020; Accepted 28 December 2020; Published 8 January 2021

Academic Editor: Samir Nammour

Copyright © 2021 Luca Casula et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

An 11-year-old girl presented with agenesis of the maxillary lateral incisors. Orthodontic treatment was performed to close the
midline diastema and create adequate space between the central incisors and canines to replace the missing maxillary lateral
incisors on both sides. Two-piece implants were placed, and shoulderless abutments were prepared following the “biologically
oriented preparation technique” (BOPT) protocol. The soft tissues were allowed to heal directly on the prosthetic emergence
profile of the interim crown restorations after implant exposure. Two months later, the gingival tissue adapted to the prosthetic
components in a specular manner. No complications were noted at 24 months. The BOPT protocol, originally described for
natural teeth, may be applied to dental implants with shoulderless abutments.

1. Introduction

Implant abutment morphology influences marginal bone loss
and the biologic width of the peri-implant mucosa [1–5].
Souza et al. [4] reported that an implant abutment design
with a wide and more divergent emergence profile induces
an apical displacement of the peri-implant biologic width
and an increased bone loss compared to an implant abut-
ment with a narrower emergence profile. Agustín-Panadero
et al. compared implants with divergent transmucosal collars
to those with a convergent collar design and observed that
the latter resulted in decreased bone loss [5]. A smaller abut-
ment diameter, relative to the implant platform, seems to
reduce the postrestorative crestal bone remodeling, which
results in greater bone preservation [6, 7]. However, the role
of the abutment design in marginal bone loss and peri-
implant soft tissue stability is currently unknown [8, 9].
The crown is usually adapted against the horizontal finish
line of the implant-supported cement-retained prosthesis,
and together, they form the emergence profile of the
implant-supported restoration [10]. The emergence profile
of the implant-supported restoration is determined by the

contour of the crown as it relates to the adjacent tissues
[11]. Similar to natural abutment teeth [12–14], a shoulder-
less implant abutment has a vertical area without a finish line
where the crown margin is placed [15]. The absence of a
defined horizontal finish line allows the interim restoration
to move in an apical or coronal direction, allowing the tissue
to adapt to the emergence profile of the crown restoration in
a specular manner [12]. This concept, which was introduced
with the biologically oriented preparation technique (BOPT)
protocol [12–14], allows for the thickening of the soft tissues
in the coronal direction and results in excellent esthetics with
both the implants [16–19] and natural teeth [20, 21]. The use
of the “adaptation forms and profiles concept” [12] in reha-
bilitative treatment involving natural teeth [12–14, 20, 21]
and implants with shoulderless abutments [16–19] has been
well documented; however, the adaptation of the gingiva to
the emergence profile of prosthetic crowns has not been
reported for the implant-supported cement-retained restora-
tions methodically. This clinical case report describes a
patient with agenesis of the maxillary lateral incisors.
Orthodontic treatment was performed to create space for
implant placement. Two implant-supported cement-
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retained prostheses were provided, using a protocol similar
to the BOPT for natural teeth [12]. The step-by-step
gingival movement toward the crown emergence profile
during tissue maturation is described up to two years after
crown delivery.

2. Case Report

An 11-year-old girl was referred to the Department of Den-
tistry at the San Raffaele Hospital in Milan, Italy. The patient
expressed dissatisfaction with smile, due to misaligned teeth
and spaces between the anterior teeth. Radiographic exami-
nation revealed the agenesis of the maxillary lateral incisors
(Figure 1(a)). A multidisciplinary treatment plan was formu-
lated, which included orthodontic treatment for the midline
diastema closure, focusing on creating adequate space
between the central incisors and the canines to replace the
missing maxillary lateral incisors on both sides. Two
implant-supported cement-retained prostheses were planned
at the end of the peak of adolescent growth for replacing the
lateral incisors [22].

After orthodontic treatment, the patient wore a remov-
able retainer to maintain the space gained for replacement
of the lateral incisors with implants (Figure 1(b)). The maxil-
lary implant surgery was performed with the aid of cone
beam computed tomography (CBCT) when the patient was
19 years old. Two 3.3mm diameter implants (Win-Six Biosa-
fin, Italy) were placed in the area of the lateral incisors, with
the implant platform positioned at the buccal crest level and
with an insertion torque of 30Ncm.

Immediate loading was avoided, and the patient wore a
removable retainer during osseointegration of the implant
[23] . Four months after implant placement, two periapical
radiographs were taken confirming that the implant plat-
forms were at the level of the bone crest (Figure 2(a)).
After confirmation, we proceeded to the second stage of
maxillary surgery. First, the two alginate impressions were
made, and wax interocclusal records in maximal intercus-
pation were taken and sent to the dental laboratory for
fabrication of the interim complete crown restorations.
The gingival thickness at the implant site was determined
to be 4mm by inserting a K-file with an endodontic stop
at the center of the edentulous ridges. Subsequently, the
implants were exposed by raising a minimal full-
thickness flap and moving the occlusal keratinized tissue
to the buccal aspect.

The impression copings (Win-Six Biosafin, Italy) were
connected to the implants, and an impression was made with
vinyl polysiloxane material (Putty and Light Elite HD, Zher-
mack, Italy), using a perforated custom tray. Two implant
analogs were connected to the copings inside the impression,
and the cast was immediately poured using the type 4 dental
stone. Two modifiable cylindrical shoulderless implant abut-
ments (MF, Win-Six Biosafin, Italy) were connected to the
analogs and adjusted (prepared without a finish line) directly
on the cast to achieve the appropriate inclination for place-
ment of the temporary crowns. The shoulderless abutments
were prepared in the same manner as the natural abutment
teeth in the BOPT protocol [12–14] (Figure 2(b)), and the

interim complete crown restorations were directly relined
over the implant abutments on the implant cast, resulting
in an augmented emergence profile (Figure 2(c)) [12]. The
interim restorations were placed 3mm coronally from the
analogs that corresponded to the implant platforms (bone
crest level), based on the previously measured gingival thick-
ness (4mm). This ensured that the adequate space remained
for biologic width formation (Figure 2(c)) [24]. The tempo-
rary abutments were fixed to the implants, and the interim
restorations were cemented using a temporary cement
(Temp Bond, Kerr, USA). The keratinized mucosa taken
from the occlusal space was supported by the overcontoured
emergence profile [11] of the crown during the healing
process on the buccal aspect (Figure 3).

After the interim restoration placement, the patient
returned to the dental department periodically for 2 months
during the healing process, which was documented using
photographs. Four days after interim restoration placement,
the keratinized tissue appeared inflamed and was in a more
coronal position (Figure 3(c)) than before (Figure 3(b)). Dur-
ing the one week follow-up, the keratinized tissue appeared
swollen, reddened, and more coronally elongated compared
to that during the previous appointment (Figure 3(d)). Dur-
ing the second week of follow-up, the redness and swelling
disappeared, and the keratinized tissue appeared to recede
more apically (Figure 4(a)). At the 1-month follow-up, the
gingival tissue appeared healthy and had adapted to the pros-
thetic emergence profile of the interim restoration in a spec-
ular manner (Figure 4(b)). At the 2-month follow-up, the
interdental spaces were completely filled by the interdental
papillae, and the crown margins were located 1mm subgin-
givally (Figure 4(c)). The tissue appeared pink and healthy,
even in the transmucosal area. On the occlusal view, the
rounded profile of the gingiva was appreciable and specular
to the emergence profile [11] of the interim crowns
(Figure 5(a)). The adaptation of the tissue against the over-
contoured emergence profile of the crowns was clearly appre-
ciable on the lateral view (Figure 5(b)). After the previously
described 2 months of tissue maturation, the patient visited
the department for final impressions. The temporary restora-
tions and analogs were removed, and the height of the trans-
mucosal soft tissue was determined, with a dental probe
placed between the implant platform and the gingival mar-
gin, to be 4mm for both implants. The bone impression cop-
ings (Win-Six Biosafin, Italy) were connected to the
implants, and an impression was made with vinyl polysilox-
ane material (Putty and Light Elite HD, Zhermack, Italy)
using a perforated custom tray. An alginate impression of
the mandibular arch and interocclusal record in maximal
intercuspation were obtained and sent to the dental labora-
tory for the fabrication of two definitive implant abutments
with a single zirconia framework for each. The dental techni-
cian was instructed to prepare wax patterns and cast custom-
ized titanium abutments without a finish line. The dental
technician was also instructed to place the margins of the
final crowns 1mm subgingivally, according to the condi-
tioned soft tissue during the interim stage. A reinforced collar
was fabricated by the dental technician, to strengthen the
feather-edged margin (Figure 5(c)) [10]. Thus, the ceramic
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(a) (b)

Figure 1: (a) Panoramic radiograph showing agenesis of both maxillary lateral incisors. (b) Facial view at the end of the orthodontic
treatment showing the space maintained with the removable orthodontic retainer.

(a) (b)

(c)

Figure 2: (a) Implants on lateral incisors positioned 4 months after placement. (b) The shoulderless abutments directly adjusted on the
master cast. (c) The crown was placed 3mm away from the analog (3mm from the bone crest).
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layering of the framework was performed along the rein-
forced collar of the chamfer, to prevent the fabrication of a
crown with a thin ceramic margin.

At the following clinical visit, the abutments and zirconia
frameworks were evaluated, and new interocclusal wax in
maximal intercuspation was made to check the occlusion
again. The accuracy of the framework’s fit was confirmed
clinically with dual-cured paste (Fit Checker Advanced, Gc
Corporation, Japan). A framework transfer impression with
polysiloxane material (Putty and Light Elite HD, Zhermack,
Italy) was made, to capture the framework-soft tissue rela-
tionship. The impression was sent to the dental technician
with a request that the final restorations be shaped in a man-
ner that allowed the emergence profile to sustain the mature
soft tissues. The final restorations were clinically checked and
sent for the final glaze. At the final appointment, the finished
crowns were cemented with temporary cement (Temp Bond,
Kerr, USA), and the patient expressed satisfaction with the
esthetics.

At the 24-month follow-up visit, no biological or techni-
cal complications were noted, and the gingiva appeared thick,
pink, healthy, and completely adapted to the definitive resto-
ration (Figure 6). The papillary filling was achieved in the
interdental spaces. At the 24-month follow-up, minimal

bone remodeling of approximately 0.5mm was detected,
which was attributed to abutment installation and initial
loading (Figure 6) [25].

3. Discussion

The healthy coexistence of dental restorations and the peri-
implant structures is essential and is the primary goal of a
prosthodontist. The peri-implant tissues should not bleed
on probing, and a tight seal should exist between the peri-
implant mucosa and the transmucosal component [25].
The abutment design for natural teeth and implants presents
a well-defined horizontal finish line or a vertical area without
a finish line for the crown margin [10, 26]. A vertical prepa-
ration without a finish line in natural abutment teeth [12]
results in the formation of an overcontoured cervical portion
of the prosthetic crown [27] and has been suspected to have
serious implications for the periodontal health of the sup-
porting tissues [28]. The BOPT protocol includes a prosthetic
subgingival preparation of the natural abutment teeth with-
out a finish line [12–14] and ensures a good periodontal con-
dition [20, 21]. The “adaptation forms and profiles concept”
[12] applied to the natural abutment teeth treated with BOPT
[12–14] is applicable for implant-supported cement-retained

(a) (b)

(c) (d)

Figure 3: (a) The keratinized tissue moved from the occlusal side and was sustained by the augmented emergence profile of the crown. (b)
Peri-implant mucosa formation and gingival adaptation along with the emergence profile of the crown restoration: inflammatory phase with
the soft tissues sustained by the immediately placed crowns. (c) Soft tissues at four days of follow-up with minimal inflammation. (d) Soft
tissues appeared inflamed and elongated in a more coronal position at one week of follow-up.
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restorations [11] if shoulderless abutments are used [16–19].
In this case report, the interim restorations were shaped with
an augmented contour [12–14] and placed on the shoulder-

less abutments immediately after flap elevation, while waiting
for peri-implant mucosa formation around the restorative
components (Figure 3). The positions of the prosthetic

(a) (b)

(c)

Figure 4: Peri-implant mucosa formation and gingival adaptation along with the emergence profile of the crown restoration: adaptation
phase. (a) Soft tissues at two weeks of follow-up receded in an apical position and appeared without inflammation. (b) Soft tissues at 1
month of follow-up were adapted along the emergence profile of the crowns. (c) Soft tissues at 2 months of follow-up were stable, and the
interdental spaces were completely filled by the interdental papillae.

(a) (b)

(c)

Figure 5: (a) Occlusal view of the peri-implant mucosa 2 months after interim restoration placement. (b) Lateral view showing that the
keratinized gingiva adapted and conformed to the prosthetic emergence profile of the interim restoration in a specular way. (c) The
definitive restoration frameworks with the reinforced collars that allowed a thick layer of ceramic at the margin of the crown.
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crowns and their distance from the bone crest (4mm at both
sites) were clinically determined based on the thickness of the
keratinized gingiva, measured at the center of the edentulous
ridges before flap elevation. In the scientific literature, the
peri-implant mucosal height is reported to be approximately
3 to 4mm [29], and minimal bone remodeling is expected
after the initial loading [25]. Therefore, we placed the interim
restorations 3mm from the bone crest, leaving adequate
space for the peri-implant biologic width [23, 29, 30]
(Figure 3(c)). Two months after implant loading, the peri-
implant mucosa appeared pink, healthy, and completely
adapted to the emergence profile [11] of the interim restora-
tions. The healing stages of the peri-implant mucosa docu-
mented in this case report are in accordance with the
healing stages in animal studies [29]. The first week was char-
acterized by low-grade inflammation of the peri-implant
mucosa, which healed and stabilized at the 1-month follow-
up [30] and reached complete maturation with a pink and
healthy appearance at the 2-month follow-up [29, 30]. The
influence of abutment morphology on peri-implant mucosa
formation has not been properly elucidated [8, 9, 29, 31],
and currently, there are no studies comparing the implant

abutments with a finish line with the shoulderless abutments.
Nevertheless, the horizontal finish line in implant abutments
acts as a vertical stop for seating the crown [10]. In shoulder-
less abutments, the crown restoration may instead be moved
in an apical or coronal direction without invading the bio-
logic width [12–19]. Therefore, the emergence profile and
the crown margin can be modified until healthy and stable
soft tissues are achieved if the inflammation occurs during
the interim stage [16–19].

The BOPT approach used for implant rehabilitation in
this study demonstrated a good clinical outcome in the
esthetic zone at the 24-month follow-up, with healthy peri-
implant mucosa, pink and stippled gingiva, and interdental
spaces completely filled by the interdental papillae. The
interim crowns were not positioned according to the healed
soft tissue, but the soft tissue was allowed to adapt itself
against the prosthetic components during the healing stage.
The position of the crown was predetermined and was based
on the gingival tissue thickness and biologic width dimen-
sion. A limitation is apparent in cases in which the gingival
thickness is not sufficient to ensure adequate space for the
biologic width. Moreover, the technique is time consuming

(a) (b)

(c) (d)

Figure 6: (a) Facial view of the definitive restorations at the 24-month follow-up. (b) Right lateral view of the definitive restorations at the 24-
month follow-up. (c) Left lateral view of the definitive restorations at the 24-month follow-up. (d) Periapical radiographs at the 24-month
follow-up.
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because the interim abutments must be adjusted by the den-
tist during the second stage surgery, which requires ample
experience. The technique has not been backed by scientific
literature, and long-term clinical studies are still required to
understand the role of the abutment design in peri-implant
mucosa formation and to better evaluate, both clinically
and scientifically, the outcomes of shoulderless implant
abutments.

Data Availability
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Abstract

Objective: The aim of this study was to evaluate and compare the effectiveness of

the ultrasonic piezoelectric inserts of EMS Steel Tip A, EMS Peek, and IS-TiP-STS-

3E© in reducing peri-implant bacterial load without compromising the surface of

implants during professional oral hygiene in the follow-up.

Materials and methods: Thirteen implants were examined (Winsix, Biosafin, Ancona,

Italy). The implants were divided into five groups and analyzed with a SEM micro-

scope and microbiological analysis to evaluate the possible modification of structure

and the bacterial load reduction.

Results: The control and A, B, and C test groups were initially contaminated in vitro

with Streptococcus mutans. Subsequently, the A, B, and C test groups were treated

by an only expert operator in standard conditions. Test groups A, B, and C were inoc-

ulated for 3 hr and, furthermore, microbiologically analyzed.

Conclusion: The gold standard of an implant maintenance is a significant reduction of

the bacterial load without becoming aggressive. According to our results, despite the

limitations of the study, the authors recommend the least aggressive IS-TiP-STS-3E©,

but combined with an antimicrobial agent to reduce the bacterial load, because the

IS-TiP-STS-3E© did not show appreciable results versus the EMS Peek in reducing

the bacterial load.

K E YWORD S

implants surface, maintenance therapy, osteoblasts, peri-implantitis, piezoelectric ultrasonic

1 | INTRODUCTION

Osseointegrated dental implants, supporting fixed prostheses, are an

effective therapeutic alternative to replace missing teeth (Cattoni

et al., 2020).

When bone level is too reduced compared to traditional placement of

straight implants, different procedures are proposed as an alternative, in

order to obtain fixed rehabilitation: bone grafting (Salvato & Agliardi, 2007;

Vinci, Tetè, Raimondi Lucchetti, Capparè, & Gherlone, 2019), crest aug-

mentation (Crespi, Capparè, Polizzi, & Gherlone, 2014; McAllister &

Haghighat, 2007), sinus floor elevation techniques (lateral approach or

osteotome-mediated technique) (Lundgren et al., 2017), short

implants,(Kim, Ku, Kim, Yun, & Kim, 2018) and tilted implants (Capparé

et al., 2019; Krekmanov, Kahn, Rangert, & Lindström, 2000).

Despite the surgical technique, maintenance of professional

hygiene is fundamental for the success of implant-prosthetic rehabili-

tation as peri-implantitis can be considered as a direct consequence of

poor oral hygiene (Lindhe & Meyle, 2008).

The accumulation of bacterial plaque around the implants associ-

ated with other causes, such as absence of keratinized mucosa,
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systemic pathologies, smoking habits, and occlusal overload, could

cause implant loss (Klinge, 2012; Levin, 2013).

During the hygienic maintenance therapy, several instruments for

debridementwere proposed: curettes, air polishing, and ultrasound devices.

The association of chemical agents and local antimicrobials with

mechanical instrumentation has shown benefits in implant mainte-

nance therapy (Calderini, Pantaleo, Rossi, Gazzolo, & Polizzi, 2013).

The aim of this study was to evaluate and compare the effective-

ness of the EMS Steel Tip A, EMS Peek, and IS-TiP-STS-3E© ultra-

sonic piezoelectric inserts in reducing the peri-implant bacterial load

without compromising the implant surface during professional oral

hygiene in the follow-up. According to several studies, mechanical

tools during professional hygiene are recommended; however, they

can damage the implant surface (Cha et al., 2019; Louropoulou, Slot, &

Van der Weijden, 2012).

Furthermore, ultrasonic instruments, compared to manual proce-

dures, can be considered more effective (Vyas et al., 2019; Vyas, Grewal,

Kuehne, Sammons, &Walmsley, 2020;Walmsley,Walsh, & Et, 1990).

2 | MATERIALS AND METHODS

Thirteen sand-blasted and acidified implants, having a diameter of

4.5 mm and a length of 15 mm, were examined by gamma ray sterili-

zation, (Winsix, Biosafin, Ancona, Italy). The implants were divided

into five groups consisting of:

• SEM control: one untreated implant.

• Microbiological control: three inoculated and untreated implants.

• Test group A: three contaminated implants and treated with EMS

steel tip A.

• Test group B: three contaminated implants and treated with EMS

Peek tip.

• Test group C: three contaminated implants and treated with IS-

TiP-STS-3E© tip.

An in vitro model was recreated, and the microbiological analysis

was conducted by experts at our university microbiology laboratory;

while for the morphological analyzes, an expert conducted the prepa-

rations and analyzes in a double-blind.

2.1 | Bacterial contamination protocol

Bacterial colonies of Streptococcus mutans were initially pre-

inoculated from a frozen stock and allowed to grow in 1 ml of Todd

Hewitt Broth culture medium (Manufacturer: Becton Dickinson

Sparks, MD) overnight.

The following day, the bacterial solution was diluted in order to

obtain an O.D (optical density) of 480 nm = 0.1 CFU (Colony forming

units, i.e., the bacterial quantity). The optimal wavelength for Strepto-

coccus mutans colonies has been validated with previous experiments

(Lundgren et al., 2017).

Standard curves for OD determinations were generated and com-

pared with direct bacteria count by Acridine orange and subsequent

visualization below epifluorescence microscope.

The two bacterial counts were consistent with each other; the

OD measurement was thus used for subsequent determinations. The

bacteria solution, OD 480 Nm = 0.1 CFU, was employed in order to

contaminate both microbiological control implants and A, B, and C

test groups' implants.

The inoculation was carried out under stirring, in the bacterial

solution, for 10 hr. Subsequently, the A, B, and C test groups were

subjected to the instrumentation treatment as per protocol. Following

the instrumental treatment, the implants were inoculated for further

3 hr, under stirring, in a sterile medium. The soil solutions obtained

were used for the measurement of the OD. Before being sent to the

SEM scanning procedures, the implants were subjected to a bacterial

fixing treatment on the surface by immersing 16% Glutaraldehyde for

30 min and then washed with distilled water.

2.2 | Instrumentation protocol

Clinical procedures of scaling near the area of the peri-implant sulcus

were reproduced in vitro. The instrumentation steps were carried out

in a horizontal and oblique direction in relation to the long axis of the

implant. To define and encode an average instrumentation time for

the samples under examination, the literature was examined and a

maximum time of mechanical instrumentation of 4–6 min was applied

(Decker, 2001).

For the study in question, simulating a supragingival instrumenta-

tion or mostly in the gingival sulcus, a time of 60 min was agreed for

the instrumentation of each sample. As regards the working power of

the Piezon EMS ultrasound device, a minimum power of

20,000 cycles per second has been calibrated.

All the movements of the instrumentation around the systems

were carried out by the same expert operator in standard conditions.

GroupAwas assigned amechanical instrumentationwith Piezon ultra-

sonic handpiece (EMS) with steel tip “A” (EMS); the three samples making

up the group were instrumented with the coded time of 60 min, with hori-

zontal and obliquemovements on the circumference of the implant.

Group B was assigned a mechanical instrumentation with Piezon

ultrasonic handpiece (EMS) with Peek tip (EMS); the three samples

making up the group were instrumented with the coded time of

60 min, with horizontal and oblique movements on the circumference

of the implant.

Group C was assigned a mechanical instrumentation with Piezon

ultrasound handpiece (EMS) with IS TiP STS-3E © tip; the three sam-

ples making up the group were instrumented with the coded time of

60 min, with horizontal and oblique movements on the implant

circumference.

After instrumentation on the A, B, and C test groups, the microbi-

ological analysis was carried out, and subsequently they were sent to

the ESEMIR Sas laboratory (Di Battaini Paolo & C); where they were

initially subjected to 1 metallization cycle with gold (the instrument
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used is an Agar Auto Sputter Coater of the company AGAR SCIEN-

TIFIC LTD), in order to make them electron conductive and, therefore,

analyzed with the scanning electron microscope (SEM).

SEM observations were performed with a Cambridge Stereoscan

120 instrument digitized with the Adda II system and equipped with

electronic energy dispersion microanalysis (EDS). The main parame-

ters of the analysis—electron acceleration potential (=EHT), Working

distance (=WD), and magnification (=MAG)—are shown on the black

strip at the bottom of each scan. Three different magnification images

were taken, both for the SEM control and for the A, B, and C test

groups. Magnifications were made at ×100, ×500, and ×1,000 on the

A–B–C test groups, an image for each sample belonging to the group.

The individual scans were compared for the same magnification with

the SEM control.

A, B, and C test groups were compared with the control group in

order to evaluate the possible damages induced by mechanical instru-

mentation with different treatments, so as to identify possible modifi-

cations made to the treated implant structure. After a ×500

magnification, considered the most significant for image quality, the

highest definition images of different instruments were selected: EMS

steel tip A, EMS Peek, IS-TiP-STS-3E©, and thus compared with each

other and with the SEM control with the same magnification.

3 | RESULTS

3.1 | Microbiological results

From the analyzes carried out after the instrumentation on the A, B,

and C test groups with respect to the microbiological control, it was

found that:

Group A: there was no reduction of the bacterial count, but an

increase of it in the following 3 hours of inoculation with a standard

deviation of 3%.

Group B: a highly significant reduction in bacterial count occurred

with a standard deviation of 8%.

Group C: a significant reduction in bacterial count occurred with

a standard deviation of 4%.

It is recalled, looking at the graph (Figure 1), that for P to have sta-

tistical significance, it must be less than 0.01. It is, therefore, deduced

that the implants of groups B and C have reached a high statistical sig-

nificance of bacterial reduction, p < .01.

3.2 | Morphological results

Test group (A) vs SEM control at ×500.

In the 500x scans, in addition to the scratching and surface

smoothing areas, titanium “flakes,” presumably caused by the instru-

mentation performed with an EMS steel tip, are appreciated.

(Figure 2a–d).

Test group (B) Vs SEM control at ×500.

In the 500x scans, the marked sanding areas of the surface remain

more visible between the normal weaving of the implant with a verti-

cal and horizontal trend, due to the action of the Peek tip mounted on

the ultrasound handpiece. (Figure 3a–d).

Test group (C) Vs SEM control at ×500.

In the 500x scans, it can be seen that the insert has not signifi-

cantly changed the implant surface, there is a slight smoothing of the

surface, due to the action of the tip mounted on the ultrasound hand-

piece. Even at this magnification, the partial conservation of the

F IGURE 1 The graph shows for each individual insert the degree of effectiveness in removing the amount of surface bacteria. It can be seen
that the insert with the highest bacterial removal capacity is the steel one, in second place the Korean tips, and lastly the peek tip
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surface morphology of the origin of the implant can be observed.

(Figure 4a–d).

In the scan no 41, the presence of a clear deposit was verified;

analyzed by metallography, it was found to be the alloy of which the

IS-TiP-STS-3E© insert is composed (Figure 2d) in comparison at ×500

of the test groups A, B, and C Vs SEM control.

The images of all the instruments (Steel A EMS, Peek EMS, IS-

TiP-STS-3E©) were compared at a magnification of ×500, which is

F IGURE 2 In the ×500 scans instrumented with EMS steel insert (b–d) we can see, with respect to the virgin control (a), areas of scratching
and surface smoothing with the presence of titanium “flakes” presumably caused by the instrumentation made with EMS steel tip. Gruppo test
(A) versus Controllo SEM a ×500

F IGURE 3 In the ×500 scans instrumented with a peek insert (b–d), compared to the virgin control (a), the areas of marked sanding of the
surface with a vertical and horizontal trend, due to the action of the Peek tip mounted on the ultrasonic handpiece, remain more visible between
the normal implant texture of the implant. Gruppo test (B) versus Controllo SEM a ×500

F IGURE 4 In the ×500 scans, instrumented by means of the IS TiP insert (b–d) with respect to the control (a) it can be seen that the insert
has not considerably modified the implant surface, a slight smoothing of the surface is observed, due to the action of the tip mounted on the
ultrasound handpiece. Also, at this magnification the partial preservation of the surface morphology of the implant origin can be observed. Scan
No. 12 showed the presence of a clear deposit; when analyzed by metallography it was found to be the alloy of which the IS-TiP-STS-3E insert is
composed (Figure 6). Gruppo test (C) versus Controllo SEM a ×500
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considered the most significant image quality. It was pointed out that

the IS-TiP-STS-3E© tip (Figure 5a–d) was the least aggressive com-

pared to the Peek and Steel inserts (A). The Peek tip (Figure 5b) was,

in turn, less aggressive than the steel insert. The steel insert was,

therefore, the most aggressive (Figure 5c).

4 | DISCUSSION

Osseointegrated dental implants supporting fixed prostheses could

effectively be considered the gold standard in the rehabilitation of

patients with partial or total edentulism (Cattoni et al., 2020;

Spitznagel, Horvath, & Gierthmuehlen, 2017).

Implant survival depends on the effectiveness of maintenance

therapy and the selection of different instruments, such as curettes,

ultrasonic scalers, air-powder abrasive systems, lasers, chemicals, and

local antimicrobials (Brookshire, Nagy, Dhuru, Ziebert, & Chada, 1997;

Duarte, Reis, de Freitas, & Ota-Tsuzuki, 2009; Garcia Canas, Khouly,

Sanz, & Loomer, 2015).

After mechanical instrumentation, any damage to the surface of

the implants can be recorded (Cha et al., 2019; Louropoulou

et al., 2012).

As reported by several studies, the alteration of the implant sur-

face negatively affects the proliferation and response of osteoblasts,

so their attachment may be easier on surfaces with rougher micro-

topography (Bordji et al., 1996; Lincks et al., 1998).

The use of ultrasonic scalers may cause various changes on the

implant surfaces (Harrel, Wilson Jr, Pandya, & Diekwisch, 2019;

Ramaglia, di Lauro, Morgese, & Squillace, 2006).

Therefore, only professional oral hygiene is not sufficient for

implant maintenance, and good oral health needs to be improved with

home hygiene (Tecco et al., 2018).

The aim of this study was to evaluate and compare the effective-

ness of the EMS Steel Tip A, EMS Peek, and IS-TiP-STS-3E©

F IGURE 5 Most significant images of the three types of inserts used for mechanical instrumentation (b–d) compared with the control (a).
Comparazione a ×500 dei Gruppo test A-B-C versus Controllo SEM

F IGURE 6 (a and b) Graph shows a gold deposit on the surface of the implant found in scan no. 12 due to wear and tear during the

instrumentation of the IS-TiP inserts, which are entirely gold-plated
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ultrasonic piezoelectric inserts in reducing the peri-implant bacterial

load without compromising the implant surface during professional

oral hygiene in the follow-up.

The data obtained in our in vitro study are similar to the

evidence-based and in vivo studies of many Authors (Matarasso

et al., 1996; Rapley, Swan, Hallmon, & Mills, 1990).

The SEM images had ×100, ×500, and ×1,000 magnifications,

and showed how all test groups (A, B, and C) analyzed reported visible

damage on the implant surface.

Our results showed that the EMS A tip was too aggressive, the

EMS Peek tip was mildly aggressive, and IS TiP STS-3E© caused minor

surface damage to be considered almost irrelevant. However, after

the metallography analysis, in scan no 42 at ×500 magnification, an

evident deposit of IS-TiP-STS-3E© was found, which is considered

irrelevant given its composition (gold alloy) and the remote random-

ness of identification (Figure 5d).

Our results are in accordance with scientific evidence; several

studies, in fact, underline that mechanical instruments leave traces on

the surface of the implant with removal of substance (Mengel, Buns,

Mengel, & Flores-de-Jacoby, 1998).

However, some authors show that a nonmetallic ultrasonic tip is

less aggressive, and results similar to those of the control groups are

obtained (Bailey, Gardner, Day, & Kovanda, 1998).

Despite the limitations of the study to simple size, it would

reserve further investigation; therefore, our SEM images showed that

mechanical instrumentation could cause significant damage to the

implant surface (Figure 6).

Microbiological results show that the less aggressive IS-TiP-STS-

3E tip has a significant reduction in bacterial load with a standard

deviation of 4%, but lower than the Peek EMS tip, which showed a

standard deviation of 8%, while the more aggressive tip showed a

poor reduction in bacterial load with a standard deviation of 3%. The

microbiological results are again in line with the literature; in fact, sev-

eral studies point out that the use of a metal tip can be effective in

removing bacteria from contaminated surfaces (Park et al., 2013;

Toma, Behets, Brecx, & Lasserre, 2018).

However, some authors always recommend the combination with

an antimicrobial agent to make the reduction of the bacterial load

more effective (Polizzi et al., 2020).

The Gold standard of tips used in oral hygiene maintenance ther-

apy is a tip that is not aggressive towards the implant surface but

effective in reducing the bacterial load (Palmer & Floyd, 1995).

Therefore, comparing our results obtained from the

morphostructural SEM analysis and the microbiological analysis, the

IS-TiP-STS-3E tip is the least aggressive even if it did not obtain the

best result in terms of bacterial load reduction. To solve this problem,

the literature suggests combining the tip with an antimicrobial agent

such as chlorhexidine (Calderini et al., 2013).

With the limitations of the study, we can state that the IS-TiP-

STS-3E tip used with a microbial agent that increases its bacterial load

reduction power, for example, chlorhexidine, could be a combination

therapy of choice during the maintenance of the implant as it is not

very aggressive and with a sufficient reduction of the bacterial load.

Furthermore, the hygienist plays a fundamental role in the dental

team for home motivational education, in monitoring patients with a

pre- and post-operative recall program and in promptly intercepting

any problems to be reported to the surgeon.

5 | CONCLUSIONS

Within the limitations of this study, according to the obtained results,

the authors recommend the association between the IS-TiP-STS-3E

tip© and an antimicrobial agent. Further long-term in vitro and in vivo

studies are needed to confirm these results.

CLINICAL RELEVANCE

Scientific rationale for the study

Nonresident bacteria in the oral cavity are responsible for many oral

diseases; professional oral hygiene in patients who have implant reha-

bilitation is critical to minimize the risk of peri-implantitis and avoid

implant failure.

Principal findings and practical implications

Although the literature is unfavorable to ultrasonic metal tips, our

results tell that TiP STS-3E metal tip associated with a microbial agent

not only minimizes the presence of bacterial colonies but surprisingly

is not aggressive to the implant surface.
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Abstract: Purpose: To evaluate the accuracy of computer-aided dental implant positions obtained
with mucosal-supported templates as compared to Three-Dimensional (3D) planning. Materials
and methods: One-hundred implants were inserted into 14 edentulous patients using the All-on-4/6
protocol after surgical virtual planning with RealGUIDE, 3DIEMME, and Geomagic software. After 6
months, three-dimensional neck (V) and apex (S) spatial coordinates of implants and angle inclination
displacements as compared to virtual plans were evaluated. Results: The S maxilla coordinates
revealed a significant discrepancy between clinical and virtual implant positions (p-value = 0.091).
The V coordinates showed no significant differences (p-value = 0.71). The S (p-value = 0.017) and V
(p-value = 0.038) mandible coordinates showed significant discrepancies between the clinical and
virtual positions of the screws. Implant evaluation showed a 1-mm in average of the horizontal
deviation in the V point and a 1.6-mm deviation in the S point. A mean 5◦ angular global deviation
was detected. The multivariate permutation test of the S (p-value = 0.02) confirmed the difference.
Greater errors in the mandible were detected as compared to the maxilla, and a higher S discrepancy
was found in the posterior jaw compared to the anterior section of both the mandible and maxilla.
Conclusions: Computer-aided surgery with mucosal-supported templates is a predictable procedure
for implant placement. Data showed a discrepancy between the actual dental implant position as
compared to the virtual plan, but this was not statistically significant. However, the horizontal and
angle deviations detected indicated that flap surgery should be used to prevent implant positioning
errors due to poor sensitivity and accuracy in cases of severe jaw atrophy.

Keywords: guided surgery; titanium dental implant; Three-Dimensional implant accuracy;
Three-Dimensional software implant; planning; permutation tests; non-parametric combination;
multivariate analysis; osseointegration; immediate-load dental implants
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1. Introduction

Immediate implant-supported prosthetic rehabilitation is considered to be a routine procedure
with a high success rate [1–3]. Presently, Three-Dimensional (3D) preoperative planning through cone
beam computed tomography analysis (CBCT) allows for the verification of the maxillary anatomy
and qualitative and quantitative bone structures before dental implant placement [4,5]. The CBCT
Standard Triangulation Language (STL) files elaborated through specific surgical software, together
with stereolithographic (SL) models, promote individual virtual planning [6] that allows an immediate
prosthetic loading of the implants with a reduction in surgical times, increasing the comfort of the
patients [7,8] and the predictability of surgical results [9,10]. In the literature, computer-aided surgical
systems have shown high accuracy rates in terms of implant position, depth, and angle, avoiding
intraoperative surgical complications and poor positioning of implants which can compromise the
primary stability and/or success of immediate-load restoration techniques [11–13]. However, in a
recent systematic review of static navigation systems, Tahmeseb A. et al. found a 1.2-mm (1.04–1.44
mm) mean horizontal deviation at the coronal entry point and a 1.48-mm (1.28–1.58 mm) deviation
in the apical endpoint, respectively, with a mean angular deviation of 3.5◦ (3.0–3.96◦) [14]. However,
numerous variables have been found to affect virtual planning and the in vivo position of the dental
implant [15]. Thus, it is necessary to evaluate the accuracy of the virtual and clinical measurements of
lengths and angles [16] due to the many errors related to the different phases of data acquisition, as well
as to data elaboration during digital and surgical workflow [17]. Many studies have been carried out
to compare the planned position of dental implants with their actual insertion position in the maxilla,
using implant neck/apex points or 3D coordinates (X, Y, Z axes) to analyze the sensitivity of the software
and to determine predictability of the results. The aim of the study was to evaluate the accuracy of the
virtual computer-aided approach in the overall digital workflow using mucosal-supported templates
Computer-Aided Design and Manufacturing (CAD-CAM) as compared to the clinical position of
immediate-load dental implants in atrophic areas of bone in totally edentulous patients.

2. Materials and Methods

2.1. Patient Selection

Fourteen patients (6 male/8 female; mean age 58) were selected from four different private dental
clinics from November 2014 to July 2017. All presented with good health, total edentulism of the
jaws, and the need for dental implant rehabilitation. Inclusion criteria were: an upper opening
of the mouth wider than 50 mm, edentulism of the maxilla arches, and sufficient bone available
for positioning the implant fixture. The exclusion criteria were: cardiac disease, chemotherapy,
radiotherapy, bisphosphonate therapy, pregnancy, asthmatic problems, decompensated diabetes,
smoking habit (more than 10 cigarettes/day), and maxillary parafunctions. No bone regeneration
was requested. In order to reduce the study variables, all surgeons had the same level of expertise
and used the same digital work flow for the computer-guided surgery, with the same 3D device
and the same implant system. All patients were examined through preliminary CBCT analysis
(NewTom Evo - NewTom, Verona, Italy) using a prosthesis with a radiopaque marker, and underwent
standardized CBCT scanning with an interocclusal index. To complete the digital data, some optical
scans (Activity 885, Smart Optics, Bochum, Germany) were performed. The 3D STL files were imported
into 3Diagnosys (3DIEMME, Italy) to match the CBCT Dicom data and to perform virtual planning
(RealGUIDE, 3DIEMME, Milan, Italy). All data were collected using software with an adapting
algorithm, called “best-fit”, to optimize the anatomic curves of the maxillo-facial complex as well
as the regular geometry of the radiological markers. After digital image segmentation, the virtual
implants were placed in the optimal position according to the anatomy and prosthetic planning.
The STL data were processed with the Plasty-CAD-3DIEMME system (DWS 20D, DWS SYSTEMS,
Bergamo Italy) and surgical guide templates were created with mucous support and a stabilizing
system with bi-cortical bone fixation pins. After administration of local anesthetic (4% articaine with
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1: 200.000 adrenaline), the surgical guide was positioned on the maxillary arch of the patients and
anchored by three bi-cortical bone pins. After flapless surgery, only Winsix TTx implants (diameter:
3.8 or 4.5 mm) with external hexagonal connections were placed using the “Just on-four” or “Just
on-six” techniques. All implants were inserted with 35–55 N/m torque and immediately loaded with a
provisional prosthesis. (Table 1)

Table 1. The 100 dental implants in the maxilla or mandible site positions.

Arch Site Implants Numbers

Anterior Maxilla

11 4
12 6
13 2
21 2
22 6
23 3

Posterior Maxilla

14 3
15 11
24 3
25 10
26 1

Anterior Mandible

31 3
32 8
33 1
42 9
43 2

Posterior Mandible

34 4
35 6
36 3
44 5
45 6
46 2

Total 100

2.2. Computerized and Statistical Analysis

The control CBCT procedure was used to verify the differences between the clinical implant
fixture position after the surgery as compared to that in virtual planning. Geomagic Studio software
(3D SYSTEM, Geomagic, Morrisville, North Carolina -USA) was used. For the evaluation of the three
spatial coordinates (xv, yv, zv e xs, ys, zs) of each dental implant, the angles formed by the axes of
inclination between the implants were calculated. (Table 2) The neck (V) and the apex (S) points
were chosen to understand the accuracy and the sensitivity of virtual planning as compared with the
clinical results. To evaluate the three-dimensional spatial position (x, y, z) of single implants (Figure 1)
post-surgery, the CBCT analysis used a specific algorithm to minimize the relative distance according to
an interactive process of the files matching, guaranteeing precise and repeatable overlaying. Following
the alignment process, a mean error value was calculated using the distance of the points between
the two surfaces (from the STL and the DICOM files), which were considered acceptable when less
than 0.1–0.15 mm (on the entire arch). To calculate the Euclidean distances (S and V), the formulas

=
√(

x2
s + y2

s + z2
s

)
and V =

√(
x2

v + y2
v + z2

v

)
were used. The Smean and Vmean were calculated for

each implant of each patient, wher were used. Therefore, Smean and Vmean were calculated for each
implant of each patient where

Smean =

∑n
i=1 Si

n
, Vmean =

∑n
i=1 Vi

n
(1)
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Table 2. The horizontal apex (S) and neck (V) implant discrepancies.

Implant Discrepancy APEX (S) mm NECK (V) mm

Maxillary sites 0.30 mm (range: 0.10–1.57 mean 0.89 0.37 mm (range 0.30–1.77 mean 0.67)

Mandible sites 0.43 mm (range: 0.30–1.77 mean 0.31 0.28 mm (range: 0.08–1.18 mean 0.12

Anterior area 0.44 mm (range: 0.17–2.66 mean 0.88 0.31 mm (range: range: 0.08–1.30 mean 0.41)

Posterior area 0.40 mm (range: 0.10–3.54 mean 0.79 0.38 mm (range: 0.27–1.77 mean 0.31

Global mean value 0.43 mm (range: 0.10–2.02 mean 0.75 0.35 mm (range: 0.27–1.77 mean 0.56
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Figure 1. The 3D spatial software reconstruction of dental implant screws in pre-surgical virtual
planning vs actual clinical position after the surgical procedure.

All measurements were repeated three times, by two blinded researchers to evaluate the reliability
and reproducibility of the records. A non-parametric permutation method was used to data collected
to establish a null hypothesis for all entitles of disturbance, including the P distribution. These tests
do not depend on the type of distribution of the population, they are not based on the parameters
of the distribution and it is possible to apply them even in cases of qualitative data. This tests are
suggested when the variables do not have a Gaussian distribution (they are very asymmetric or
present more than one peak); the sample is small; the observations are of ordinal type. The mean
differences were evaluated by the permutation test, comparing the planned position and the real one.
To obtain a multivariate and global result for both the Euclidean distances, as every implant was
interested by different variables, the non-parametric combination (NPC) of partially dependent tests
was adopted [15,18]. Two distinct permutation tests, for S and for V, that were combined with an
adequate combination function. Tests were carried out separately but simultaneously, resulting in a
global test. To be able to jointly consider the two variables, considering the structure of dependence
between them (unknown), it is necessary to base the two tests of permutation on the same entire
permutation. Figures 2 and 3 explained for the no surgeons, and the allon 4 implants surgical procedure
in the mandible sites.
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3. Results

100 dental implants immediate loaded were placed in 14 total edentulous maxilla with using a
surgical template mucosa supported. In 12 upper jaws a total of 51 implants were placed, 23 implants
in the anterior area and 28 in the posterior area. While in 11 mandibles total 49 implants were placed,
23 in the anterior and 26 in the posterior area. The sites 15, 25, and 42 were most treated with 11, 10,
and 9 implants respectively. (Table 1) No intraoperative complications and no implant failure after 1 yr
follow-up were detected. All virtual planning data were matched with the CBCT-STL post-surgery
porcedure and the implant fixture showed an error value. In maxillary area, 0.30 mm (range: 0.10–1.57
mean 0.89) S discrepancy and 0.37 mm (range: 0.30–1.77 mean 0.67) V discrepancy between virtual
planning to clinical result were detected. In mandible implant sites, S difference 0,43 mm (range:
0.30–1.77 mean 0.31) and V difference 0.28 mm (range: 0.08–1.18 mean 0.12) were observed. The
implant S discrepancy global mean value was 0.43 mm (range: 0.10–2.02 mean 0.75) and V mean value
showed 0.35 mm (range: 0.08–1.77 mean 0.56). In the anterior area the S discrepancy between virtual
planning to clinical result was 0.44 mm (range: 0.17–2.66 mean 0.88) while V value was 0.31 mm (range:
0.08–1.30 mean 0.41). In the posterior area 0.40 mm (range: 0.10–3.54 mean 0.79) S discrepancy and
0.38 mm (range: 0.27–1.77 mean 0.31) at V point were detected (Table 2). Global p-value = 0.001 of the
multivariate permutation test was detect to study differences between the two Euclidean distances
(virtual and real).

The partial coordinates were examined xs, ys, and zs and xv, yv, and zv, separately for S and V.
Multivariate S coordinates permutation test detect global p value = 0.02 confirming the difference
between the virtual and real implant positions. Significant difference was related to the xs coordinate:
p(x) = 0.001; p(y) = 0.43; p(z) = 0.98. Non-significant global p-value (= 0.12) resulted in V coordinates
while a significant difference on the coordinates xv: p(x) = 0.036; p(y) = 0.84; p(z) = 0.2 is found. In
both arches the permutation test confirmed the results obtained with the entire sample of implants
(global p value = ps = pv = 0.001). In the maxilla, for S coordinates a significant level was obtained with
a global p value = 0.091 (xs: p(x) = 0.068; p(y) = 0.28; p(z) = 0.20). For the V coordinates no significant
difference was found with global p value = 0.71 (p(x) = 0.22; p(y) = 0.85; p(z) = 0.89). In the mandible,
for the S coordinate a significant global p value = 0.017 was obtained (xs: p(x) = 0.002; p(y) = 0.95;
p(z) = 0.17). For the V coordinates, the global p value was significant (0.038) above all for the coordinate
zv: p(x) = 0.063; p(y) = 0.92; p(z) = 0.021. The entire sequence of the implants was divided into two
groups according to the position the anterior (positions 1,2,3) or in the posterior (positions 4,5,6) of
the mouth. After applying the multivariate permutation test on the S and V variables, the results
obtained were confirmed for the sample of all the implants global p value = p(S) = p(V) = 0.001) in
anterior sector as well as the posterior one. Examining the coordinates of the apex a nonsignificant
global difference was found (global p value = 0.23), but on examination of the partial coordinates a
significant difference was found for the coordinates xs: p(x) = 0.02; p(y) = 0.87; p(z) = 0.96. No evidence
was obtained in V coordinates (global p value = 0.13). In the posterior area, the S coordinate showed a
10% global difference (global p value = 0.065). In partial coordinates a significant difference was found
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for the following coordinates xs: p(x) = 0.007; p(y) = 0.35; p(z) = 0.99. For the implant V coordinates no
significant difference was found for the global test as well as for the partial ones: global p value = 0.35;
p(x) = 0.44; p(y) = 0.35; p(z) = 0. 31.(Tables 3 and 4).

Table 3. Statistical 3D evaluation of discrepancies between the clinical and virtual implant positions in
single patients using multivariate permutation tests.

Patients S mean Value Y mean Value Global Mean

1 0.579 0.461 2.51

2 0.800 0.506 2.49

3 0.732 0.685 2.30

4 0.967 0.732 3.73

5 0.952 0.699 2.63

6 0.872 0.665 2.44

7 1.043 0.990 1.91

8 1.175 0.856 2.64

9 0.845 0.796 2.53

10 1.060 0.551 2.00

11 0.834 0.624 2.44

12 0.802 0.778 2.86

13 0.920 0.770 4.74

14 0.767 0.692 1.11

Table 4. Statistical 3D evaluation of discrepancies using multivariate permutation tests in maxillae
vs mandibles and anterior vs posterior areas using clinical and virtual apex (S) and neck (V)
implant positions.

Distance/Coordinates Apex (S) Neck (V)

MAXILLA

Euclidean Distance 0.09 0.71

x 0.07 0.22

y 0.28 0.85

z 0.20 0.89

MANDIBLE

Euclidean Distance 0.02 0.04

x 0.00 0.06

y 0.95 0.92

z 0.17 0.02

ANTERIOR AREA

Euclidean Distance 0.23 0.13

x 0.02 0.03

y 0.87 0.46

z 0.96 0.54

POSTERIOR AREA
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Table 4. Cont.

Distance/Coordinates Apex (S) Neck (V)

Euclidean Distance 0.07 0.35

x 0.01 0.44

y 0.35 0.35

z 0.99 0.31

FULL MOUTH

Euclidean Distance 0.02 0.12

x 0.00 0.04

x 0.43 0.84

z 0.98 0.20

4. Discussion

Computer-aided systems are valid tools for flapless virtual planning surgery using presurgical
CBCT data implementation, with specific software to reduce postoperative morbidity and to improve
patient compliance. The absence of surgical flap incisions, the pre-determination of the implant
positions and fixture parameters, the control of cutter depth and stitching, and the previsualization and
production of protheses before surgery for immediate loading of implants contribute to a reduction in
surgical time and errors. Moreover, the accuracy of guided surgery systems must be carefully studied
in order to respond to the growing needs of patients and increase the predictability of surgical results
and the success of treatments. In computer-aided implant surgery, the absence of incisions and flaps
and the pre-determination of exact implant positions and the depths and the sequences of the drills
contribute to reducing the surgical time and patient discomfort. However, this technique has some
disadvantages, including potential damage to the bone due to insufficient irrigation and the inability
to visualize the surgical anatomical landmarks, with increased risk of error in implant positioning with
increasing degrees of maxillary bone atrophy. Many studies have been conducted to assess the accuracy
of virtual implant planning, and in all cases a discrepancy has been demonstrated between the virtual
plan and the actual position of the implant in the oral cavity at the end of the surgery. The surgical
problems with implant fixture are relative to the deviations in the three spatial dimensions of the screw
position, which are higher in horizontal points and lower in the vertical points, as described in the
literature, confirming that implant rehabilitation through computer-aided surgery is a predictable
procedure that requires constant verification, especially in flapless surgery, to reduce the high risk of
error in implant positioning during surgical procedures that use supported surgical templates. The
first crucial factor affecting clinical result accuracy is the stability of the surgical template during the
CBCT analysis and during surgical procedures with respect to surgical template positioning on the
bone with pins to avoid damaging noble anatomic structures such as nerves, vessels, etc., because any
small deviations may cause surgical errors and iatrogenic anatomical lesions, which are reported in
the literature to occur in 9.1% of all cases. The second crucial factor affecting computer-aided surgery
accuracy for the correct angle of insertion of the implant drills, is relates to the area of surgery and
the mouth-opening capacity because in 2.3% of cases in the posterior maxillary area there is a limited
interocclusal distance [15]. The third crucial factor that affects accuracy is related to the bone volume
and bone architecture in atrophic bone areas of the jaws, together with potential micromovements
of the surgical mucosa-supported template due to the typical resilience of the oral mucosa [15,16].
Mucosa-supported guided surgery is a tool used to preoperatively study the anatomical conditions of
the jaws, pre-view the best implant insertion method, and plan the implant dimensions integrated into
the predictable prosthetic rehabilitation workflow to prepare immediate-load provisional restoration,
avoiding complications [17,18]. At present, mucosa-supported guided surgery scientific literature is
scarce and more in vitro and vivo studies should be carried out to understand surgical accuracy. [19] A
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recent review and meta-analysis compared three types of guides (bone, mucosa, or tooth-supported),
with a total 345 implants placed with mucosa-supported guides, concluding that more clinical studies
should be performed to provide evidence about the accuracy of guided surgery, as well as to evaluate
the variables that could affect the precision of the technique. [20] In the literature, few scientific
studies have correlated implant dimensions and bone density with guided surgery implant placement
accuracy [21], and there are only simple theoretical references to bone density, mouth opening, visibility,
surgical guide stability, skill of the surgeon, and patient movements during surgical procedures. [22]
However, during bone drilling and implant insertion, mucosa-supported guided surgery is a blind
technique, and thus to obtain predictable clinical results, presurgical 3D implant planning should be
highly accurate in order to translate the virtual planning data into clinical surgical practice and to place
the implants in the correct prosthetic positions, avoiding damage to important anatomic structures
such as nerves, roots, or maxillary sinuses. [23] In 2014, Schneider et al. showed that metal sleeves with
a degree of tolerance to the surgical templates allowed cutter entrance and movement during surgical
procedures. This specific tolerance could make them deviate during the drilling procedures, altering
the angle of surgical site formation and final implant placement into the bone. Furthermore, long
cutters promote greater angular or horizontal deviations. Thus, the length of the implants could also
influence the accuracy of the clinical result [24]. Recently, Hoffmann et al. [25] reported statistically
significant differences in implant surgical computer-aided accuracy, with mean angular deviations
of 4.2 ± 1.8 and 11.2 ± 5, respectively. In 2018, Chang-Kai et al. reported 1.50 ± 0.79 mm horizontal
deviation values at the apical endpoint. Implant placement accuracy with computer-aided static
navigation systems was shown to be better (6.02 ± 3.71) compared to the manual implant placement
(9.26 ± 3.62) [12,26]. Augmented reality devices could be used to display the virtual planning image as
compared to the reality of the surgical field [12]. In a recent study, Vercruyssen et al. [27] showed a high
accuracy error of 0.9 mm (range: 0.1–4.5, mean 0.8) at the neck and of 1.2 mm (range: 0.2–4.9, mean
1.1) at the apex, with an angular deviation error of 2.7 (range: 0.0–6.6, mean 2.3). In 2016, Schneider
described accuracy through an evaluation of implant apex deviation in terms of height, showing a 1.07
mm deviation at the neck point, a 1.63-mm deviation at the apex, and a 5.26 angular discrepancy [15].
Our study confirmed a risk of error between the virtual plan and the clinical implant position in
surgical mucosa-supported templates, however with lower values than those found in the scientific
literature. Indeed, the data obtained showed a 0.30 m discrepancy at the apex with a 0.37 mm global
horizontal discrepancy at the neck in the maxilla, and a 0,43-mm discrepancy at the apex with a 0.28
mm global horizontal discrepancy at the neck in the mandible. A 0.43 mm global mean value at the
apex and a 0.35 mm discrepancy at the neck were detected. The multivariate scale permutation test
confirmed the accuracy discrepancy in 3D spatial coordinates. Significant differences were shown in
the mandible at the apex (p = 0,017), while higher values were found in the posterior area than the
anterior for the apex (p = 0,001) and for the angle in the maxillary area. In conclusion, computer-aided
surgery with a mucosa-supported template seems to be a predictable and reproducible procedure
capable of reducing surgical times and patient discomfort [28–31]. However, our study has shown
an inaccuracy of the virtual projection, with a horizontal and angle discrepancy between the clinical
position of the dental implant as compared to virtual planning. Although virtual planning reproduces
in detail the anatomical and clinical characteristics of the future implant site, it should be noted that
the accuracy required within the flapless surgical procedure does not seem to be sufficient in cases of
severe atrophy of the jaws and in the presence of particular anatomies of the maxillary bone and in the
posterior areas of the maxilla, with risks of error present in the procedure.
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SCOPO DEL LAVORO
Lo scopo di questo lavoro è quello di descrivere le proce-
dure di espansione e/o rigenerazione ossea maggiormente 
conosciute, atte ad ottenere volumi ossei idonei al posizio-
namento di impianti osteointegrati, garantendo così una 
stabilità biologica della nostra riabilitazione nel tempo e di 
descrivere un caso clinico risolto mediante espansione del 
mascellare con tecnica ‘’split crest’’.

MATERIALI E METODI
Dopo una ricerca sul web e la lettura di 30 articoli, 16 sono 
stati inclusi in questa revisione.
Abbiamo descritto le procedure rigenerative ed espansive 
più studiate e abbiamo descritto un caso risolto con la 
tecnica “split crest” dopo 7 anni di follow-up.

RISULTATI
Secondo la letteratura possiamo affermare che la tecnica 
split crest rappresenta il gold standard in caso di difetti 
orizzontali con 3 mm di spessore residuo dell’osso alve-
olare.

CONCLUSIONI
Dopo 7 anni di follow-up possiamo osservare come l’osso 
marginale è stabile e la riabilitazione è appropriata per il 
paziente.

Le neoplasia plasmacellulari so-
no caratterizzate da una prolifera-
zione neoplastica monoclonale di 
plasmacellule. 
Nel corso degli ultimi decenni sono 

state descritte svariate tecniche di ricostruzione 
ossea pre-implantare in caso di mascellari atrofici.
Le ricostruzioni ossee rendono possibile il posi-
zionamento di impianti in volumi ossei adeguati e 
ottenere un risultato estetico-funzionale adeguato 
alla richiesta dei nostri pazienti.
La formazione di un’interfaccia diretta os-
so-impianto (osteointegrazione) è un requisi-
to fondamentale nell’ambito delle riabilitazioni 
implanto-protesiche.
Per questo è necessario avere a disposizione una 
quantità e qualità di osso sufficienti a garanti-
re un posizionamento implantare congruo prote-
sicamente e biologicamente stabile nel tempo e 
nell’immediato (stabilità primaria).
In alcuni casi ci troviamo ad affrontare situazioni 
nelle quali le basi ossee residue risultano inade-
guate al posizionamento implantare.
La perdita di osso alveolare può essere dovuta a 
danno iatrogeno (protesi mobili incongrue, estra-
zioni cruente ecc..); malattia parodontale e traumi 
alveolo-dentali.
Il ripristino dei volumi ossei è argomento di di-
scussione da svariati decenni: gli autori hanno de-
scritto negli anni vari protocolli chirurgici speri-

rigenerazione ossea, 
split crest, volume 
osseo, book flap, 

bundle bone, tecnica 
piezoelettrica

bone regeneration, split 
crest, bone volume, 

book flap, piezoelectric 
technique
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Fig. 1 Rx OPT pre-operatoria.

Fig. 2 Vista occlusale 
dell’area edentula.

mentando varie tecniche e materiali.
Le tecniche rigenerative ad oggi più utiliz-
zate e conosciute sono: 
1. innesti di osso autologo;
2. rigenerazione ossea guidata (GBR);
3. tecniche espansive (split crest);
4. osteogenesi distrazionale.

Innesti di osso autologo
Rappresentano, ad oggi, il gold standard in 
termini di predicibilità del risultato e qua-
lità ossea risultante (1-3).
Sono classificati in base alla sede di pre-
lievo (intra-extra orali) e alla morfologia 
(particolato o blocchi).
Questi tipi di innesti risultano i più pre-
dicibili in quanto il materiale innestato è 
autologo, quindi meno soggetto ad infezio-
ni (2). 
Come fattore negativo troviamo la ne-
cessità di un sito donatore che potrebbe 
comportare maggiore dolore e/o gonfiore 
post-operatori ai nostri pazienti.
I primi studi furono condotti da Brane-
mark et al. nel 1975 (1). Analizzarono 31 
casi di ricostruzione di mandibole atrofi-
che (post resezioni oncologiche e traumi) 
realizzate con blocchi di osso autologo fis-
sati con placche da osteosintesi.
I risultati furono eclatanti in termini di 
predicibilità e stabilità nel tempo.

Rigenerazione ossea guidata
Comprende un ampio panorama di ma-
teriali e tecniche da utilizzare e prevede 

l’utilizzo di sostituti ossei eterologhi e/o 
alloplastici.
Le tecniche rigenerative ossee guidate pre-
vedono inoltre l’ausilio di membrane rias-
sorbibili e non e di materiali da osteosinte-
si in titanio come placche e viti (6-7).
La maggior parte degli autori utilizza i ma-
teriali eterologhi miscelati ad osso auto-
logo particolato prelevato nelle zone limi-
trofe alla zona da rigenerare in equazione 
50:50 circa. Utilizzando infatti dei ‘’bone 
collector’’ è possibile recuperare piccole 
quantità di osso autologo da miscelare al 
sostituto (4-7).
In caso di interventi rigenerativi più este-
si si dovrà ricorrere ad un sito di prelievo 
(branca montante della mandibola, mento, 
arco zigomatico).
L’utilizzo di molti ausili di natura artificia-
le rende questi tipi di interventi più sog-

getti a complicanze di tipo infettivo: l’e-
sposizione precoce delle membrane di 
ricoprimento rappresenta la prima causa 
di fallimento di questi interventi.
La GBR odierna basa i propri princi-
pi su quelli della GTR (guided tissue 
regeneration).
La rigenerazione tissutale guidata è stata 
oggetto di studio per autori come Nyman 
et al. sin dagli inizi degli anni ’80 (4): gli 
studi si basavano sul concetto biologico se-
condo il quale cellule specifiche contribu-
iscono alla formazione di tessuti specifici.
Melcher nel 1976 descrisse come l’esclu-
sione dell’epitelio e del tessuto connettivo 
attraverso l’utilizzo di membrane in difet-
ti parodontali favorisse la proliferazione di 
tessuti più lenti nell’istodifferenziarsi co-
me osteoblasti, cementoblasti e cellule del 
legamento parodontale (5). Per ottenere ciò 
era necessario creare una barriera tra i 
tessuti molli e l’osso sottostante che duras-
se almeno 6-8 settimane (tempo necessa-
rio per l’istodifferenziazione) (4-5). 
Così, a partire da quegli anni, autori come 
Dahlin e colleghi iniziarono a sperimenta-
re vari sostituti ossei e membrane in difet-
ti ossei più estesi (6).
Furono quindi realizzati protocolli opera-
tivi che comprendo l’utilizzo di barriere di 
varia natura (titanio, gore-tex, PTFE .. ecc) 
e di sostituti ossei eterologhi, alloplastici o 
omologhi (5-7).

Tecniche espansive
Le ossa dei mascellari possono essere 
espanse a patto che conservino le corticali 
esterne e la midollare (non meno di 3 mil-
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la cresta alveolare in due parti: l’apertu-
ra centrale ed il conseguente gap osseo ve-
nivano colmati in parte dall’impianto e in 
parte da osso autologo e/o sostituti ossei.
L’autore definì questa procedura operato-
re-dipendente ma, una volta acquisita una 
certa esperienza, risulta efficace e predi-
cibile (8) . 
Successivamente autori come Bruschi e 
Scipioni maturarono notevole esperienza 
con la tecnica e misero a punto tecniche 
e protocolli chirurgici validissimi ancora 
oggi (9-11).

Osteogenesi distrazionale
L’osteogenesi distrazionale trova le sue 
prime applicazioni in campo ortopedico: 
il primo ad utilizzarla fu Alessandro Co-
divilla agli inizi del XX secolo per realiz-
zare un allungamento di femore (12-13). La 
procedura fu successivamente sviluppa-
ta ed adattata ad altri distretti e con l’au-
silio della radiologia era possibile confer-
mare le crescite anche da un punto di vista 
radiografico.
Solamente alla fine degli anni ’80 Joseph 
McCarthy codificò i principi dell’osteodi-
strazione applicati al distretto cranioma-
xillofacciale (14).
Secondo gli autori questa tecnica risul-
ta vantaggiosa in quanto consente la rico-
struzione del tessuto duro e molle all’uni-
sono: durante il processo distrazionale il 
tessuto molle prolifera seguendo la cresci-
ta ossea.
La tecnica prevede l’utilizzo di distratto-
ri, particolari apparecchi che variano per 
forma e dimensione in base alla lunghez-
za e posizione anatomica del segmento da 
distrarre.
Il protocollo chirurgico è relativamen-
te semplice: dopo l’incisione di un lembo 
a spessore totale fino a centro cresta (il 
lembo non deve essere scollato nel versan-
te linguale o palatale) si realizzano i tagli 
osteotomici (orizzontale, verticale mesiale 
e verticale distale) avendo cura di non le-
dere il periostio linguale o palatale (14-16).
Si applica quindi il distrattore fissando le 
estremità all’osso basale e al segmento os-
seo da distrarre.
I segmenti vengono lasciati separati tra lo-
ro di circa 1-2 mm e i lembi vengono su-

limetri di spessore osseo residuo suddivi-
si in 1 mm corticale vestibolare - 1 mm mi-
dollare - 1 mm corticale palatina) (9).
L’ausilio della strumentazione ultrasonica 
e di particolari inserti dedicati ha reso l’e-
spansione ossea una tecnica meno opera-
tore dipendente rispetto al passato e quin-
di applicabile in un numero di casi sempre 
maggiore.
La tecnica espansiva più conosciuta è quel-
la della ‘’split crest’’ ampiamente descrit-

ta da vari autori: questa può essere realiz-
zata in una o due fasi chirurgiche in base 
al grado di atrofia e all’abilità dell’operato-
re (8-11).
Nel 1986, Nentwig descrisse una tecnica 
di ‘’divisione’’ della cresta alveolare che 
permettesse simultaneamente l’espansio-
ne crestale ed il posizionamento implan-
tare (8).
L’autore infatti mise a punto un protocollo 
chirurgico che prevedeva la divisione del-

Fig. 3 L’emergenza 
protesica viene 
riportata sul segmento 
scheletrico.

Fig. 4a, 4b Incisione 
della cresta alveolare 
con strumento 
piezoelettrico.

Fig. 4b
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turati lasciando fuoriuscire il braccio per 
l’attivazione dell’apparecchio.
È imprescindibile che sia il segmento os-
seo sia l’apparecchio non interferiscano 
con i movimenti masticatori.
Dopo 10 giorni circa l’apparecchio viene 
attivato producendo 1 mm circa di distra-
zione giornaliera: il paziente infatti attiva 
di 0,5 mm l’apparecchio al mattino e 0,5 
mm alla sera.
Una volta ottenuta l’altezza desiderata (at-
tivare per 5-15 gg) si passa alla fase di sta-
bilizzazione: l’apparecchio viene bloccato 
in posizione finale mantenendo il segmen-
to osseo immobile per circa 3 mesi (14-16).
Successivamente si procederà alla rimo-
zione del distrattore e al posizionamento 
degli impianti.
Questa tecnica può rappresentare un’alter-
nativa in caso di aumenti in senso vertica-
le della cresta: non si ottengono infatti be-
nefici in senso trasversale.
I fattori negativi sono rappresentati dal co-
sto dell’apparecchio, l’ingombro di esso 
ed eventuali errori di posizionamento che 
possono portare da una compromissione 
del risultato fino ad una completa necrosi 
del segmento mobilizzato.
È inoltre legato alla compliance del pazien-
te: ad esso infatti viene affidato il compi-
to delle attivazioni domiciliari e un cambio 
di dieta per 4 mesi circa onde evitare mo-
vimenti anomali dell’apparecchio e/o del 
segmento osseo (15-16).

MATERIALI E METODI

Si presenta alla nostra attenzione, presso 
l’unità dipartimentale di Chirurgia Orale 
dell’Ospedale San Raffaele di Milano, un 
paziente 57enne di sesso maschile.
All’anamnesi medica non si riscontra 
niente di rilevante: paziente classificabile 
ASA I.
L’anamnesi odontoiatrica evidenzia inter-
venti di implantologia e cure odontoiatri-
che primarie e il paziente riferisce una 
sensazione di fastidio spontaneo e alla ma-
sticazione nel primo e secondo quadran-
te ed un elevato sanguinamento durante e 
dopo le manovre di igiene domiciliare.
All’esame obiettivo si rileva la presenza di 
una riabilitazione fissa tipo ‘’full arch’’ su 

Fig. 5a, 5b 
Finalizzazione 
dell’espansione con 
scalpelli manuali: la 
frattura a legno verde 
nella porzione più 
distale rappresenta 
una complicanza 
relativa in quanto il 
tassello verrà nutrito 
dal periostio.

Fig. 5b

Fig. 6a, 6b Sequenza 
operativa del 
posizionamento 
implantare.

Fig. 6b
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monconi naturali all’arcata superiore di-
visa in due segmenti: ponte da 1.1 a 1.7 
(monconi 1.1.,1.6 e 1.7) e ponte da 2.1 a 2.7 
( monconi 2.1,2.3, 2.5 e 2.7). 
Nell’arcata inferiore erano invece presen-
ti due impianti in posizione 4.6 e 4.7, due 
corone su elementi naturali 4.5 e 4.4 e un 
ponte da 4.4 a 4.7. I restanti elementi pre-
sentavano cure conservative e mobilità. 
Il ponte superiore risultava con margini 
debordanti su 1.7 e 1.6 e la travata protesi-
ca risultava troppo estesa.
L’elemento 2.7 risultava cariato sulla radi-
ce e l’elemento 2.3 presentava rarefazione 
apicale, il manufatto risultava inoltre de-
bordante su tutti i monconi.
Si è dunque deciso per il recupero dei mon-
coni 1.7,1.6,1.1,2.1,2.3,2.5; inserimento di 
impianti in sede 1.2,1.3,1.5 e 1.6 e succes-
sivo rifacimento protesico di tutta l’arcata 
superiore realizzando corone unite su 1.7 
e 1.6, ponte su impianti 1.2- 1.5, ponte da 
1.1 a 2.5 e corona singola su 2.6. 
Come conseguenza della perdita degli ele-
menti dentali al primo quadrante in giova-
ne età, il paziente presentava atrofia tra-
sversale (IV classe di Cawood- Howell).
L’opzione di trattamento proposta è sta-
ta quindi una espansione mascellare tipo 
‘’split crest’’ con conseguente inserimento 
di impianti in sede 1.2, 1.3 e 1.5.

FASE CHIRURGICA

In anestesia locale, previa profilassi anti-
biotica, si procede all’allestimento di un 
lembo tipo ‘’book flap’’ a spessore totale, 
esponendo solamente la porzione coronale 
della cresta alveolare, da 1.1 a 1.7: lo scol-
lamento ridotto permette il mantenimento 
della vascolarizzazione corticale.
Le future emergenze implantari vengo-
no riportate sul segmento scheletrico de-
nudato utilizzando come riferimento il 
provvisorio. 
Viene eseguita l’incisione osteotomica oc-
clusale al centro della cresta alveolare: 
sono stati lasciati circa 2mm di osso in 
spessore su ambi i versanti della cresta. 
L’osteotomia è stata realizzata con manipo-
lo ultrasonico e inserto osteotomico. Il seg-
mento osseo vestibolare è stato mobilizza-
to utilizzando scalpelli manuali.

Fig. 7a, 7b 
Finalizzaizone del 
posizionamento 
implantare e gestione 
del gap osseo.

Fig. 7b

Fig. 8  Sutura.

Fig. 9 Rx endorale.
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Questa tecnica è indicata quando gli spes-
sori ossei residui lo consentono: sono infatti 
necessari almeno 3mm di osso residuo pre-
feribilmente suddiviso in 1mm di corticale 
vestibolare e palatale e 1mm di midollare. 

CONCLUSIONI

L’utilizzo di questa tecnica ci ha permes-
so di ottenere un bundle-bone sufficiente e 
necessario al mantenimento degli impian-
ti nel tempo sfruttando l’osso residuo del 
paziente, senza l’utilizzo di bio-sostituti: 
questo aumenta la predicibilità del nostro 
atto chirurgico. 

AIM OF THE WORK
The aim of this article is to describe the different 
kind of surgical procedures purposes to regenera-
te or expand atrophic maxillary bones due or prior 
of the implant placement.
hese thecniques guarantee us an adequate bund-
le-bone around our implants and a primary stabi-

lembo vestibolare è stato rilasciato inciden-
do il periostio e i lembi sono stati suturati 
ottenendo una chiusura per prima intenzio-
ne. Gli impianti non sono stati caricati.
Le emergenze implantari, precedentemen-
te verificate con il provvisorio, risultava-
no congrue. 
Il paziente è stato tenuto sotto controllo 
tramite richiami periodici fino ad avvenu-
ta integrazione degli impianti (4 mesi) e, 
dopo la realizzazione dei manufatti defini-
tivi è stato inserito nel protocollo di man-
tenimento che prevede 3-4 sedute di igie-
ne annuali.

RISULTATI

Dopo un follow-up di 7 anni, la riabilita-
zione appare ben tollerata dal paziente e 
non sono presenti alterazioni né meccani-
che né biologiche, non si evidenziano se-
gni di patologia peri-implantare e di rias-
sorbimento della cresta marginale residua.

Dopo aver ottenuto un gap di circa 2-3 mm 
fra le due pareti ossee viene lasciato inse-
rito l’ultimo scalpello utilizzato per espan-
dere nella porzione mediana del segmen-
to scheletrico, viene effettuata una minima 
preparazione dei siti implantari 1.2 e 1.5 e 
vengono dunque inseriti gli impianti in po-
sizione 1.2 (Winsix TTi 3.3 mm x 13 mm) e 
in posizione 1.5 (Winsix TTi 3.8 mm x 11 
mm). Dopo aver rimosso lo scalpello dal 
segmento scheletrico, è stata effettuata una 
minima preparazione del sito implantare 
1.3 e viene inserito l’ultimo impianto (Win-
six TTi 3.8 mm x 13 mm). Tutti gli impianti 
hanno raggiunto un torque di inserimento 
> 40 n/cm: questo è dovuto alla sottopre-
parazione dei siti implantari e alla capaci-
tà osteotomica degli impianti Torque Type.
Dopo aver posizionato le viti di guarigione, 
è stato realizzato un innesto di connettivo 
peduncolato e ruotato in sede 1.2 con prelie-
vo dal palato: è stato quindi possibile sigil-
lare la porzione coronale di osso splittato. Il 

Fig. 11 Controllo radiografico a 7 anni.Fig. 10 Controllo clinico a 10 gg dal posizionamento implantare.

Fig. 12a, 12b, 12c Controllo clinico a 7 anni.

Fig. 12a Fig. 12b Fig. 12c



95

2020 SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

CASO CLINICO

lity, as written by literature.
In this article is also described a case report solved 
with the ‘’spit-crest’’ technique, with its follow-up 
after 7 years from the prosthesis placement.

MATERIAL AND METHODS
After a web searching and the lecture of 30 arti-
cles 16 were included in this review.
We described the most investigated regenerative 
and expansive procedures and we described a ca-
se solved with ‘’split-crest’’ technique after 7 ye-
ars of follow-up.

RESULTS
According to the literature we can affirm that the 
split-crest technique represents the gold standard 
in case of horizontal defects with 3mm of residual 
alveolar bone thickness.

CONCLUSIONS
After 7 years follow-up we can observe how the 
marginal bone is stable and the rehabilitation is 
appropriate to the patient.
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SCOPO DEL LAVORO
Lo scopo dello studio è stato quello di confrontare la preci-
sione a livello dell’interfaccia impianto-abutment tra abut-
ment originali e compatibili connessi all’impianto originale.

MATERIALI E METODI
Abbiamo preso in esame un abutment originale e uno 
compatibile, con connessione esagonale interna, i quali 
sono stati connessi all’impianto originale.
Il sistema, nel suo complesso, è stato sezionato a metà e 
analizzato al microscopio elettronico a scansione (SEM), 
al fine di misurare la precisione delle connessioni tra im-
pianto e abutment. I valori dei microgap una volta misurati 
sono stati tabulati con Microsoft Excel 10 e sono state 
calcolate la media e la deviazione standard.

RISULTATI
Dall’analisi dei dati raccolti è stato dimostrato come il gap 
tra impianto e abutment compatibile sia
notevolmente maggiore rispetto a quello riscontrato tra 
impianto e abutment originale.

CONCLUSIONI
Considerando i risultati preliminari ottenuti dallo studio 

condotto, sembrerebbe quindi sconsigliabile l’uso di 
abutment compatibili per evitare eventuali complicanze di 
natura sia biologica che meccanica.
Tuttavia, è obbligatorio precisare che, date le limitazioni 
dello studio condotto, è necessario approfondire l’argo-
mento trattato, eseguendo ulteriori ricerche che prendano 
in esame un campione più vasto.

Negli ultimi anni la ricerca in implantolo-
gia è stata indirizzata verso il migliora-
mento di due elementi: le superfici im-

plantari e l’interfaccia impianto-abutment. Lo 
sviluppo di superfici implantari con migliori per-
formance ha permesso di ottenere una più rapi-
da ed efficace osteointegrazione. Il miglioramento 
sia strutturale che funzionale della connessio-
ne tra l’impianto e l’abutment ha invece permes-
so di raggiungere un’ottima stabilità nel tempo 
dei tessuti duri e molli perimplantari permetten-
do il successo a lungo termine delle riabilitazioni 
implanto-protesiche. 
La connessione impianto-abutment è un punto di 

Interfaccia impianto-
abutment, microgap a 
livello dell’interfaccia 
abutment-impianto, 

connessione esagonale 
interna, abutment cloni

Implant-abutment 
interface, microgap 
at fixture-abutment 

interface level, internal 
hex connection, copy 
compatible abutment
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notevole rilevanza per il successo negli 
anni di una riabilitazione implanto-prote-
sica, difatti se è presente uno scarso adat-
tamento tra i componenti implantari pos-
sono verificarsi complicanze di natura sia 
biologica che meccanica. Le complicanze 
biologiche sono rappresentate da un au-
mento dell’infiltrato infiammatorio (1, 2). 
Le complicanze di tipo meccanico invece 
sono rappresentate dall’aumento dell’in-
cidenza di micromovimenti, progressivo 
allentamento della vite di connessione ed 
eventuale frattura della stessa (6).
La prima geometria implantare ad esse-
re introdotta fu la connessione esagonale 
esterna che, secondo quanto riportato, può 
frequentemente presentare ampi micro-
gap. In seguito è stata introdotta la connes-
sione esagonale interna, attualmente tra 
quelle più in uso (5). L’interfaccia tra una 
connessione esagonale interna o esterna 
e l’abutment influisce notevolmente sulle 
tolleranze meccaniche del complesso im-
pianto-abutment riguardanti l’adattamen-
to, la fatica ciclica e il precarico. 
Le percentuali di successo dei sistemi im-
plantari sono rilevanti solo per gli impian-
ti e i componenti valutati e testati in com-
binazione tra loro (4,6). Pertanto, l’efficacia 
e la predicibilità dei componenti del com-
plesso impianto-abutment, come dimostra-

to da test di laboratorio e clinici, può non 
essere la stessa se non si adoperano le stes-
se componenti, oggetto dello studio, o nel 
caso in cui adoperiamo le stesse compo-
nenti, queste devono essere combinate con 
le medesime componenti secondarie utiliz-
zate negli studi in questione (3-5).
Pertanto la scelta della corretta compo-
nentistica per un sistema implantare è di 
fondamentale importanza per il successo 
a lungo termine di una riabilitazione im-
planto protesica.
I produttori di un sistema implantare de-
terminano i requisiti di tolleranza mec-
canica dei loro impianti sulla base di test 
rigorosi, ideati specificatamente per cono-
scere le tolleranze meccaniche necessarie 
per il successo a lungo termine del sistema 
implantare. Quando un’azienda terza pro-
duce un abument compatibile per un siste-
ma implantare, tali componenti compatibi-
li possono presentare notevoli differenze 
da quanto previsto dal produttore origina-
le, che potrebbero condurre ad uno scosta-
mento dai livelli di precisione presentati 
dalla componentistica originale (7). Infat-
ti l’uso di abutment compatibili potrebbe 
portare nel lungo termine a complicanze, 
tra cui l’allentamento dell’abutment, l’al-
lentamento della vite di connessione ed 
eventuale frattura della vite stessa (6-8). 

Scopo dello studio
Data l’importanza che la precisione dell’in-
terfaccia impianto-abutment riveste nel 
successo a lungo termine di una riabili-
tazione implanto-protesica, lo scopo del-
lo studio è stato quindi quello di confron-
tare la precisione a livello dell’interfaccia 
impianto-abutment tra abutment origi-
nali e compatibili connessi all’impianto 
originale.

MATERIALI E METODI

Materiali
Abbiamo preso in esame un abutment ori-
ginale e uno compatibile, con connessione 
esagonale interna, i quali sono stati con-
nessi all’impianto originale.
La tipologia di impianto preso in esame è:
 • Impianto a connessione esagonale in-

terna 3.8 x 11 mm (Sistema implantare 
WINSIX della BioSAFin; torque type).

Le specifiche dell’abutment originale sono:
 • Abutment in titanio, dritto 3.8mm di 

diametro (connessione esagonale inter-
na).

Non ci è possibile fornire le specifiche 
dell’abutment compatibile, poiché l’azien-
da produttrice non ha concesso l’autorizza-
zione a dichiararle.

Fig. 1 Immagine al SEM con aree di riferimento contrassegnate nella sezione 
A (potere di ingrandimento 55x): impianto-abutment originale. I quadrati 
evidenziano le 4 aree prese in esame, che verranno indicate nel corso dello 
studio come area 1, 2, 3 e 4.

Fig. 2 Immagine al SEM con aree di riferimento contrassegnate nella sezione 
B (potere di ingrandimento 57x): impianto-abutment compatibile. I quadrati 
evidenziano le 4 aree prese in esame, che verranno indicate nel corso dello 
studio come area 1, 2, 3 e 4.

1

1

2

2

3

3

4

4
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Metodo
La metodologia adottata nel presente stu-
dio è descritta nelle sezioni seguenti: 
1. L’abutment clone e quello originale so-

no stati entrambi connessi ad un im-
pianto originale con il torque indicato 
dall’azienda costruttrice.

2. È stata tracciata una linea per segnare 
il centro del complesso impianto-abut-
ment. Il sezionamento è stato effettua-
to verticalmente lungo l’asse lungo del 
complesso impianto-abutment utiliz-
zando la linea di riferimento contras-
segnata. 

3. L’interfaccia impianto-abutment di 
ogni campione di prova è stata analiz-
zata al microscopio elettronico a scan-
sione con un ingrandimento di 2000x 
per studiare l’abutment compatibile e 
di 5000x per studiare l’abutment origi-
nale. 

4. Nel presente studio, il microgap a livel-
lo dell’interfaccia impianto-abutment 
di ciascun campione sezionato è stato 
misurato individualmente in 2 punti 
a 100 um di distanza uno dall’altro in 
ciascuna area di riferimento (nelle fi-
gure 1 e 2 sono indicate le aree prese 
in esame). Utilizzando un software di 
misurazione dei pixel fornito con il mi-
croscopio elettronico a scansione sono 
state ottenute le misurazioni dei micro-
gap tra abutment e impianto. I micro-
gap sono stati misurati con la scala di 
misura lineare del software. Per ogni 
campione, sono stati misurati i micro-
gap in 8 punti diversi lungo la superfi-
cie dell’interfaccia impianto-abutment 
(2 punti per ogni area esaminata).

5. I valori dei microgap una volta misu-
rati, sono stati tabulati con Microsoft 
Excel 10 e sono state calcolate la media 
e la deviazione standard. (fig. 1, 2)

RISULTATI

 • Sezione A - Complesso Impianto-Abut-
ment Originale (fig. 3-6)

 • Sezione B – Complesso Impianto-Abut-
ment Compatibile (fig. 7-10)

Misurati i gap in 2 punti in ciascuna del-
le 4 aree prese in esame, è stata calcolata 
la media tra i 2 punti per ogni area così da 

Fig. 3 Sezione A; area 1 
(potere di ingrandimento: 
5000x): nella prima area da 
analizzare sono stati presi 
in esame due punti, di cui 
è stata anche calcolata 
la deviazione in gradi 
dalla retta a cui i punti 
appartengono, ovvero 
la chiusura marginale a 
livello dell’IAI. Dall’analisi 
di questa prima area 
presa in esame è stato 
evidenziato un gap di 2.286 
µm nel primo punto (Pa R1) 
e un gap di 2.637 µm nel 
secondo punto (Pa R2).

Fig. 4 Sezione A area 2 
(potere d’ingrandimento 
5000x) Dall’analisi della 
seconda area presa in 
esame è stato evidenziato 
un gap di 1.470 µm nel 
primo punto (Pa R1) e un 
gap di 2.701 µm nel secondo 
punto (Pa R2).

Fig. 5 Sezione A area 3 
(potere d’ingrandimento 
5000 x) Dall’analisi della 
terza area presa in esame 
è stato evidenziato un gap 
di 1.502 µm nel primo punto 
(Pa R1) e un gap di 996.1 
nanometri (quindi meno di 
1 µm) nel secondo punto 
(Pa R2).
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ottenere un unico valore utile per lo studio 
comparativo. 
Le differenze tra i gap della sezione A (im-
pianto-abutment originale) e della sezio-
ne B (impianto-abutment compatibile) so-
no state illustrate nella tabella 1.
Come si può facilmente capire dai risulta-
ti mostrati nella tabella 1, il gap a livello 
dell’IAI (interfaccia impianto-abutment), 
prendendo in considerazione le stesse aree 
sia nella sezione A che nella sezione B, è 
considerevolmente maggiore nella sezione 
B (impianto-abutment compatibile).
Il valore di deviazione standard ottenuto nel-
la sezione A è indice di un’ampia variabili-
tà dei valori del microgap lunga la superficie 
dell’IAI e possiamo notare che ciò dipende 
da una più intima adesione tra le superfici 
impianto e abutment nell’area 3 e 4.
Invece nella sezione B il valore di devia-
zione standard ottenuto indica una bas-
sa variabilità del gap lungo la superficie 
dell’IAI.

DISCUSSIONE

Negli ultimi anni, le soluzioni implantari 
sono diventate sempre più importanti nel 
campo della riabilitazione orale di pazienti 
parzialmente o completamente edentuli e 
una terapia implantare di successo richie-
de un equilibrio tra fattori biologici e mec-
canici che influenzano l’efficacia degli im-
pianti stessi (15, 16, 17, 18). 

Fig. 7 Sezione B; 
area 1 (potere di 
ingrandimento: 2000x). 
Dall’analisi di questa 
prima area presa 
in esame è stato 
evidenziato un gap di 
22.12 µm nel primo 
punto (Pa R1) e un gap 
di 22.27 µm nel secondo 
punto (Pa R2).

Tab. 1 Differenze tra i gap della sezione A (impianto-abutment originale) e della sezione B (impianto-abutment compatibile).

Gap a livello dell’IAI Area 1 Area 2 Area 3 Area 4 Media Deviazione Standard

Sezione A 2.4615 µm 2.0855 µm 1.296 µm 1.4075 µm 1.81um 0.48

Sezione B 22.195 µm 22.78 µm 21.02 µm 22.41 µm 22.10um 0.65

Differenza tra i gap (il valore mostrato indica di 
quanto maggiore sia il gap nella sezione B)

19.7335 µm 20.6945 µm 19.724 µm 21.0025 µm 20.28um

Fig. 6 Sezione A area 4 
potere d’ingrandimento 
5000 x)  Dall'analisi 
della quarta area è 
stato evidenziato un 
gap di 1.173 µm nel 
primo punto (Pa R1) e 
un gap di 1.642 µm nel 
secondo punto (Pa R2).
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Il sistema implantare è costituito da due 
componenti, l’impianto che viene inseri-
to durante la prima fase chirurgica, e l’a-
butment che viene successivamente avvi-
tato sull’impianto per supportare i restauri 
protesici (9, 10, 26, 28). Le superfici di ac-
coppiamento dell’impianto e del suo abut-
ment costituiscono l’interfaccia impian-
to-abutment e sono considerate un aspetto 
cruciale nel design dell’impianto. La pro-
gettazione dell’interfaccia fixture-abut-
ment può avere un impatto sulla quanti-
tà di perdite microbiche tra le due parti (1, 
18, 19, 20). Diversi problemi sono stati se-
gnalati da molti autori con abutment che 
presentavano un rilevante microgap, tra 
cui l’allentamento della vite (6, 19, 20, 23, 

24), microinfiltrazioni (13, 18, 24), abrasio-
ne, usura dei componenti (23) e potenziale 
perdita di tessuto osseo (22, 23).
Sebbene molti studi abbiano dimostrato 
l’importanza dell’adattamento dell’impian-
to all’abutment, non è stato stabilito alcun 
metodo standardizzato per la misurazione 
del microgap (11, 12, 14).
Sono stati descritti vari metodi di misura-
zione del gap a livello dell’interfaccia im-
pianto-abutment tra cui visualizzazione 
diretta o misurazione dell’interfaccia a 
margine, misurazione trasversale dopo il 
sezionamento, utilizzando la tecnica d’im-
pronta, misurando il grado di libertà nel-
la rotazione, oppure attraverso la misura-
zione digitale del microgap su immagini 

acquisite tramite microscopio ottico ed 
elettronico a scansione (4, 6, 24, 25, 26). 
Molti autori hanno raccomandato di appli-
care le tecniche sopra descritte sui com-
plessi impianto-abutment sezionati così da 
consentire un’osservazione più approfon-
dita dell’adattamento lungo l’interfaccia 
impianto-abutment. Infatti la visuale in 
sezione trasversale permette una maggio-
re precisione nella riproducibilità dei pun-
ti di riferimento tra campioni rispetto al-
la visuale in sezione circonferenziale (19). 
Per il nostro studio abbiamo scelto di se-
zionare a metà il complesso impianto-a-
butment e di acquisire le immagini al SEM 
che presenta potere d’ingrandimento, riso-
luzione e profondità di campo maggiori ri-
spetto al microscopio ottico.
Inoltre tutte le fasi discusse nella meto-
dologia per la preparazione dei campioni 
di prova sono state eseguite da un unico 
operatore per evitare errori basati sull’o-
peratore. Per la standardizzazione degli 
impianti sono stati utilizzati impianti in ti-
tanio delle stesse dimensioni con il dise-
gno esagonale interno. 
I produttori di impianti, progettano e pro-
ducono impianti e componenti secondarie 
in modo tale che vi sia una adesa connes-
sione tra i componenti all’interfaccia im-
pianto-abutment. L’obiettivo è che il com-
plesso impianto-abutment raggiunga una 
connessione fisicamente adesa. 
La precisione di adattamento tra i compo-
nenti dell’impianto gioca un ruolo impor-
tante nella prognosi a lungo termine della 
riabilitazione implanto-protesica. Un adat-
tamento imperfetto tra impianto e abut-
ment porta a micro movimenti dei com-
ponenti dell’impianto durante la funzione 
masticatoria, causando la proliferazione 
dei batteri attraverso l’interfaccia impian-
to-abutment e il progressivo allentamento 
della vite di connessione.
Diversi studi dimostrano come discrepan-
ze superiori a 10 um causano colonizza-
zione batterica e allentamento della vite di 
connessione, che può portare nel tempo a 
frattura della stessa (27). 
Dato che le misurazioni per l’abutment 
compatibile sono risultate essere sempre 
al di sopra di 10 um, i dati ottenuti sem-
brerebbero sconsigliare l’uso di abutment 

Fig. 9 Sezione B; 
area 3 (potere di 
ingrandimento 2000x). 
Dall’analisi della terza 
area presa in esame 
è stato evidenziato un 
gap di 20.80 µm nel 
primo punto (Pa R1) e 
un gap di 21.24 µm nel 
secondo punto (Pa R2).

Fig. 8 Sezione B; 
area 4 (potere di 
ingrandimento 2000x). 
Dall’analisi della quarta 
ed ultima area presa 
in esame è stato 
evidenziato un gap di 
21.97 µm nel primo 
punto (Pa R1) e un gap 
di 22.85 µm nel secondo 
punto (Pa R2).
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between the implant and the compatible abut-
ment was significantly greater than that between 
the implant and the original abutment.

CONCLUSIONS
Considering the preliminary results obtained from 
the study conducted, it would seem inadvisable to 
use compatible abutments to avoid any biological 
or mechanical complications.
However, it should be pointed out that, given the 
limitations of the study conducted, it is necessary 
to gather more evidence by carrying out further re-
search that considers a larger sample

compatibili per evitare complicanze biolo-
giche e meccaniche.
Tuttavia lo studio condotto presenta alcu-
ne limitazioni:
 • è stato preso in esame solo un campio-

ne di abutment compatibile e uno di 
abutment orginale;

 • lo studio è stato eseguito in vitro;
 • non è stata eseguita una analisi al FEM 

per comprendere come tale differenza 
nel gap possa esprimersi a livello di re-
sistenza dell’intero complesso impian-
to-abutment.

CONCLUSIONI

In conclusione, i dati ricavati dallo studio 
dimostrano chiaramente che gli abutment 
compatibili presentano un gap considere-
volmente maggiore a livello dell’interfac-
cia abutment-impianto.
Considerando i risultati preliminari ot-
tenuti dallo studio condotto, sembrereb-
be quindi sconsigliabile l’uso di abut-
ment compatibili per evitare eventuali 
complicanze di natura sia biologica che 
meccanica.
Tuttavia, è obbligatorio precisare che, date 
le limitazioni dello studio condotto, è ne-
cessario approfondire l’argomento trattato, 
eseguendo ulteriori ricerche che prendano 
in esame un campione più vasto. 

AIM OF THE WORK
The aim of the present in-vitro study was to com-
pare the accuracy at the implant-abutment
interface between the original and compatible 
abutments connected to the original implant.

MATERIALS AND METHODS
We examined one original and one compatible 
abutment, with an internal hex connection, which 
were connected to the original implant.
The system as a whole was cut in half and analy-
zed under a scanning electron microscope (SEM) 
to measure the accuracy of the connection betwe-
en the implant and the abutment.
Once measured, the microgap values were tabu-
lated with Microsoft Excel 10 and the mean and 
standard deviation were calculated.

RESULTS
Analysis of the data collected showed that the gap 
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Abstract
Aim: To radiographically evaluate the effect of immediate implant placement plus 
alveolar ridge preservation (ARP) with a deproteneized bovine bone mineral and a 
collagen matrix (IMPL/DBBM/CM) as compared to ARP (DBBM/CM) or spontaneous 
healing (SH) on vertical and horizontal bone dimensional changes after 4 months of 
healing.
Materials and methods: Thirty patients requiring extraction of one single‐rooted 
tooth or premolar were randomly assigned to IMPL/DBBM/CM, ARP DBBM/CM or 
SH. Cone‐beam computed tomography (CBCT) scans, performed before tooth ex‐
traction and after 4 months, were superimposed in order to assess changes in ridge 
height at the buccal and lingual aspect and in ridge width at 1 mm, 3 mm and 5 mm 
apical to the bone crest. Kruskal–Wallis test was applied for comparison of differ‐
ences between groups.
Results: No statistically significant differences between the groups were observed 
for the vertical bone resorption of the buccal and the lingual side, while significant dif‐
ferences were found between SH group (−3.37 ± 1.55 mm; −43.2 ± 25.1%) and both 
DBBM/CM (−1.56 ± 0.76 mm; −19.2 ± 9.1%) and IMPL/DBBM/CM (−1.29 ± 0.38 mm; 
−14.9 ± 4.9%) groups in the horizontal dimension at the most coronal aspect.
Conclusion: Ridge preservation techniques using DBBM and CM reduce the horizon‐
tal bone morphological changes that occur, mostly in the coronal portion of the buc‐
cal bone plate following tooth extraction, when compared to spontaneous healing. 
This is true regardless of whether immediate implant placement is performed or not.

K E Y W O R D S

alveolar ridge preservation, CBCT, immediate implant placement, radiographic changes, tooth 
extraction
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1  | INTRODUC TION

It is well known that following the extraction of a tooth, severe 
hard and soft tissue alterations may take place at the socket site 
(Pietrokovski & Massler, 1967; Schropp, Wenzel, Kostopoulos, & 
Karring, 2003), resulting in a subsequent reduction of both vertical 
and horizontal ridge dimensions (Araujo & Lindhe, 2005; Discepoli 
et al., 2013; Tan, Wong, Wong, & Lang, 2012; Van der Weijden, 
Dell'Acqua, & Slot, 2009). In many occasions, these bone dimen‐
sional changes do not allow either appropriate pontic fabrication or 
correct placement of endosseous implants.

Over the past 20 years, several surgical procedures, grouped 
under the term of “alveolar ridge preservation” (ARP), have been in‐
troduced, aiming to maintain the existing soft and hard tissues as 
well as a stable ridge volume, to simplify subsequent treatment pro‐
cedures and optimize functional and aesthetic outcomes (Hämmerle, 
Araújo, & Simion, 2012). A recent controlled clinical study (Jung et al., 
2013) with a 6‐month follow‐up evaluated different techniques for 
ARP. The authors concluded that the application of a deproteinized 
bovine bone mineral (DBBM) with 10% collagen into an extraction 
socket, covered either with a collagen matrix (CM) or an autogenous 
soft tissue graft, resulted in less vertical and horizontal changes 
compared with spontaneous healing or the use of b‐tricalcium phos‐
phate particles alone without primary closure. Moreover, a conspic‐
uous number of systematic reviews on this topic have confirmed the 
efficacy of ARP in preventing postextraction dimensional changes 
of the alveolar ridge (Avila‐Ortiz, Chambrone, & Vignoletti, 2019; 
Ten Heggler, Slot, & Weijden, 2011; Horvath, Mardas, Mezzomo, 
Needleman, & Donos, 2013; MacBeth, Trullenque‐Eriksson, Donos, 
& Mardas, 2017; Mardas, Chadha, & Donos, 2010; Vignoletti, 
Discepoli, et al., 2012; Vignoletti, Matesanz, et al., 2012; Vittorini 
Orgeas, Clementini, Risi, & Sanctis, 2013). However, when ARP tech‐
niques are performed before implant placement, this treatment mo‐
dality requires a minimum of 3–6 months before implant insertion 
(Avila‐Ortiz et al., 2019; De Risi, Clementini, Vittorini, Mannocci, & 
Sanctis, 2015), prolonging treatment time and needing a second sur‐
gical procedure for implant insertion.

Immediate implant placement (IIP) in fresh extraction sockets 
was introduced, in order to reduce the number of surgical proce‐
dures and potentially limit physiological bone resorption (Lazzara, 
1989; Schulte & Heimke, 1976). However, IIP may not always pro‐
vide successful clinical outcomes (Lang, Pun, Lau, Li, & Wong, 2012; 
Tonetti et al., 2017) and has been documented that this surgical 
protocol fails to prevent the horizontal and vertical ridge alterations 
(Araujo, Sukekava, Wennstrom, & Lindhe, 2005; Discepoli et al., 
2015; Vignoletti, Discepoli, et al., 2012; Vignoletti, Matesanz, et al., 
2012; Vignoletti & Sanz, 2014). This may result in impaired aesthetics 
(Evans & Chen, 2008; Tonetti et al., 2017) such as marginal soft tis‐
sues recessions, especially if treating the buccal side of maxillary sites 
in patients with a high smile line (Cosyn, Hooghe, & Bruyn, 2012).

In order to improve the aesthetic outcomes and reduce the 
bone dimensional changes, several techniques have been proposed, 
such as flapless protocols, immediate provisionalization, connective 

tissue grafting, GBR techniques or filling of the gap with a bone 
replacement graft (Chen & Buser, 2014). Although no consensus ex‐
ists on the efficacy of regenerative techniques at the time of imme‐
diate implant placement (Clementini et al., 2015), results from a very 
recent clinical trial demonstrated that placing a bone replacement 
graft in the marginal gap between the implant and the buccal bone 
plate significantly reduced (approximately 0.5 mm) the horizontal 
dimensional changes of the buccal bone after IIP in fresh extraction 
sockets (Sanz, Lindhe, Alcaraz, Sanz‐Sanchez, & Cecchinato, 2017). 
Whether this reduction is similar to the one provided by ARP is still 
unknown, since up‐to‐date no human study has ever compared im‐
mediate implant placement + ARP to ARP alone and to spontaneous 
healing. Hence, the question that remains is whether IIP + ARP 
renders different results in terms of radiographic bone changes as 
compared to ARP and spontaneous healing.

Thus, the aim of this randomized controlled clinical trial was to 
evaluate the effect of immediate implant placement + ARP (test 
treatment) as compared to ARP (control treatment) or sponta‐
neous healing (negative control) on bone dimensional changes after 
4 months of healing postextraction. The primary objective was to 
radiographically evaluate the horizontal dimensional changes in 
millimetre, whereas the secondary objective was to evaluate the 
horizontal dimensional changes in percentage and the vertical di‐
mensional changes in millimetre and percentage.

2  | MATERIAL S AND METHODS

2.1 | Study design

This study was a prospective controlled, randomized, clinical investi‐
gation according to the CONSORT statement (http://www.conso rt‐
state ment.org/). All procedures and materials were approved by the 
local ethical committee (REF: 14‐034, 24/07/2015) and monitored 

Clinical Relevance
Scientific rationale for the study: No human study has ever 
compared simultaneous implant placement + ARP to ARP 
alone and to spontaneous healing. Hence, the question 
that remains unanswered is whether simultaneous implant 
placement + ARP may influence bone modelling and re‐
modelling as compared to ARP or to spontaneous healing.
Principal findings: In the horizontal dimension at the most 
coronal aspect, minor dimensional changes were observed 
in DBBM/CM and IMPL/DBBM/CM groups, whereas a 
pronounced (40%) resorption was observed in the SH 
group.
Practical implications: Immediate implant placement in pos‐
textraction sites plus an ARP technique may be a viable 
option, to reduce hard tissue morphological changes and 
treatment time.
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following the Good Clinical Practice. The trial was registered at 
http://www.clini caltr ials.gov/ (REF: NCT03422458).

2.2 | Sample size

To calculate the number of patients to be treated, summary statistics 
(mean and standard deviation) reported by Jung et al. (2013) were used 
for the variable HW‐1C, respectively, for the spontaneous healing group 
(−3.3 ± 2) and DBBM‐C/CM group (−1.2 ± 0.8). The effect size was equal 
to 1.4, and this value was used to determine the sample size based on 
a two‐independent sample Mann–Whitney test (two‐tailed) with a sig‐
nificance level alpha set equal to 5% and power equal to 80%. GPower 
software, v. 3.1, was used. This resulted in 10 subjects for each group.

2.3 | Population

Participants were selected on a consecutive basis among patients 
of the Dental Clinic at University Vita Salute San Raffaele, Milan, 
Italy, between January 2016 and January 2018. Patients agreed to 
participate in the study by signing a written informed consent, in full 
accordance with the ethical principal of Declaration of Helsinki on 
experimentation involving human subjects, as revised in 2008.

2.4 | Inclusion criteria

• Adult patients (>18 years old) requiring extraction (for caries, frac‐
ture, prosthetic reasons) of one upper or lower single rooted tooth 
(incisor, canine) or premolar.

• Presence of adjacent (mesial and/or distal) natural teeth.
• The presence of an intact extraction socket (evaluated after a 

flapped tooth extraction), with a coronal margin of the buccal 
bone crest that deviated ≤1 mm from the coronal margin of the 
lingual bone crest and ≤3 mm from the mesial and/or distal inter 
proximal bone crest (evaluated on the preoperative CBCT).

• Systemically healthy patients not smoking more than 
10 cigarettes/day.

• Patients with adequate oral hygiene (FMPS < 25%) and periodon‐
tal health (FMBS < 10% and absence of PPD > 4 mm with BoP) 
(Lang & Bartold, 2018).

2.5 | Exclusion criteria

• Uncontrolled diabetes (HbA1c > 7), osteoporosis or any other sys‐
temic or local disease or condition that would compromise post‐
operative healing.

• Patients with a history of malignancy, radiotherapy or chemother‐
apy for treatment of malignancy.

• Pregnant patient or intending to become pregnant or nursing at 
the time of study inclusion.

• Patients taking medications or having treatments with an effect 
on healing in general (e.g., steroids, large doses of anti‐inflamma‐
tory drugs, bisphosphonates).

2.6 | Randomization process and allocation 
concealment

Randomization was performed using a computer‐generated list by 
someone not involved in other aspects of the study. Allocation con‐
cealment was performed by opaque continuously numbered sealed 
envelopes that were opened after tooth extraction and assessment 
of the integrity of the bone plates.

2.7 | Treatment procedures

A full‐thickness envelope flap including the mesial and distal tooth 
was performed, and the tooth was extracted with great care to 
preserve the buccal bone plate and the surrounding hard tissue. 
Granulation tissue was carefully removed with hand instruments, 
and sterile saline rinses were performed. After assessment of the 
integrity of the bone plates, patients were randomly assigned to 
(Figure 1):

• Test group (IMPL/DBBM/CM): immediate implant placement, 
plus a collagenated bovine bone mineral grafted into the gap up 
to the buccal bone crest, sealed with a collagen porcine matrix.

• Control group (DBBM/CM): collagenated bovine bone mineral 
grafted into the socket up to the buccal bone crest, sealed with a 
collagen porcine matrix.

• Negative control group (SH): spontaneous healing.

In detail, in the test group, an immediate implant (TTi WINSIX®, 
Biosafin, Ancona, Italy) was placed in the correct prosthetically 
driven position, positioning the interface between the rough and 
smooth surface of the implant 1 mm apical respect to the buccal 
bone crest. The drilling of the osteotomies was performed following 
the standard surgical procedure as suggested by the implant manu‐
facturer. After securing the closure cap, a bone substitute material 
(Geistlich Bio‐Oss Collagen; Geistlich Pharma AG, 6110 Wolhusen, 
Switzerland) was placed in the gap that was formed between the 
implant surface and the hard tissue walls of the extraction socket. 
The graft was applied to fill the defect until the level of a line con‐
necting the buccal and palatal/lingual bone crest. Subsequently, 
after flap replacement, the soft tissue borders were de‐epitheli‐
alized and a collagen porcine matrix (Geistlich Mucograft Seal; 
Geistlich Pharma AG) was adapted to seal the graft and the implant 
using single interrupted resobable sutures (Polysorb; Covidien, 
Segrate, Italy).

In the control group, a bone substitute material (Geistlich 
Bio‐Oss Collagen; Geistlich Pharma AG) was placed in the ex‐
traction socket to the level of a line connecting the buccal and 
palatal/lingual bone crest. Subsequently, after flap replacement, 
the soft tissue borders were de‐epithelialized and a collagen ma‐
trix (Geistlich Mucograft Seal; Geistlich Pharma AG) was adapted 
to seal the graft using single interrupted resorbable sutures 
(Polysorb; Covidien).
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In SH group, flap was repositioned with interrupted resorbable 
sutures (Polysorb; Covidien) and the coagulum within the socket was 
left for spontaneous healing.

Patients were instructed to rinse twice a day (starting the day after 
surgery) with 0.2% chlorhexidine and received antibiotics (Augmentin 
1g) twice a day for 6 days and analgesic medication (Ibuprofen 600 mg) 
if needed. All patients were recalled at 7 days for suture removal. 
Patients then followed their individual maintenance programme ac‐
cording to the individual periodontal and caries risk assessment. Four 
months postextraction, all patients were recalled for a follow‐up.

2.8 | Clinical measurements

Full‐mouth plaque score (FMPS) (O'Leary, Drake, & Naylor, 1972), full‐
mouth bleeding score (FMBS) (Muhlemann & Son, 1971) and keratinized 
tissue height (KTH), measured from the most coronal extension of gin‐
gival margin to the mucogingival line, were recorded with a periodontal 
probe (PCP UNC 15, Hu‐Friedy) at baseline and 4 months. Moreover, 
gingival thickness (GT) was assessed at baseline and 4 months, as de‐
scribed in Clementini, Discepoli, Danesi, & Sanctis, 2018. All clinical 
measurements were made by a single blinded calibrated examiner (A.A.).

F I G U R E  1   Baseline cone‐beam computed tomography (CBCT), intra‐operative view and 4 months postsurgery CBCT representative 
of the three treatment modalities. (1) spontaneous healing: (a) baseline, (b) intra‐operative, (c) 4 months. (2) DBBM‐CM site: (d) baseline, (e) 
intra‐operative, (f) 4 months. (3) IMPL/DBBM‐CM site: (g) baseline, (h) intra‐operative, (i) 4 months

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)
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2.9 | Radiographic measurements

Before treatment procedures, a cone‐beam computed tomography 
(CBCT) scan was performed using a 3D examination (NewTom VGi 
evo, QR S.r.l., Verona), following the producer's prescriptions: resolu‐
tion of 0.2 mm, scan time: 15 s and exposure time: 1.8 s. After four 
months postextraction, all selected patients underwent to a second 
CBCT scan with the same settings as described above.

To calculate CBCT measurements, a method similar to the one 
proposed by Jung et al. (2013) was adopted. Firstly, in the baseline 
data set, the distance from the mesial and/or distal bone crest was 
calculated in the axial section, and subsequently, the cross section 
was selected passing through the pulp canal of the involved tooth. 
The CBCT performed after 4 months was analysed using the same 
procedure, considering the distance from the mesial and/or dis‐
tal bone crest previously calculated. Then, a computer‐assisted 
(GeoGebra GmbH, Wolfauer Str 90, 4040 Linz, Austria) superimposi‐
tion of the original Digital Imaging and Communications in Medicine 
(DICOM) data of the two CBCT scans was done in areas where no 
changes had taken place during the 4 months (e.g., the cranial base 
in the maxilla or the lower border and angle in the mandible, respec‐
tively). Varying the degree of transparency of the sections, DICOM 
data of the two CBCT scans were manually checked in order to as‐
sure a perfect match. Finally, the measurements were computed on 
the selected scans at baseline and at 4 months, by means of the fol‐
lowing reference points and lines defined and drawn in the baseline 
image (Figure 2):

• Four reference points: the point representing the radiographic 
apex of the tooth (apical central point, ACP) and the point repre‐
senting the cusp of the tooth (coronal central point, CCP). In cases 
where the crown of the tooth was missing or in cases of bicuspids, 
a segment was traced using 2 points (the most coronal and buccal 
point and the most coronal and lingual point of the tooth) and the 

centre of this segment was taken as the coronal reference point; 
two points representing respectively the most coronal buccal 
(coronal buccal point, CBP) and the most coronal lingual (coronal 
lingual point, CLP) portion of the buccal and lingual bone plates.

• Eleven reference lines, subsequently drawn, as follows: a vertical 
central line (VCL), in the centre of the socket, which crosses the 
apical (ACP) and coronal (CCP) central reference points; a verti‐
cal buccal line (VBL) and a vertical lingual line (VLL), parallel to 
the VCL and crossing respectively the most coronal point of the 
buccal (CBP) and lingual (CLP) bone crest; the buccal bone crest 
line (BCL_B) and the lingual bone crest line (BCL_L) connecting re‐
spectively the most coronal point of the buccal (CBP) and lingual 
(CLP) bone crest and perpendicular to VCL; the horizontal lines, 
perpendicular to the VCL drawn in precedence at 1, 3 and 5 mm 
and parallel to the straight lines passing through CBP (BCL_B) and 
CLP (BCL_L).

Hence, the following measurements were performed in 
millimetre:

• Thickness of the buccal and lingual bone plate at three levels (1, 3 
and 5 mm), only at baseline.

• Vertical ridge height, measured at the buccal and lingual site, at 
baseline and 4 months.

• Mid‐buccal and mid‐lingual horizontal ridge width, measured at 1, 
3 and 5 mm below respectively the CBP and CLP, at baseline and 
4 months.

In addition, the following dimensional changes over time, based on 
the measurements performed at baseline and at 4 months, were 
assessed and expressed both in percentages and in millimetre:

• changes in ridge height at the buccal and lingual aspect;
• changes in ridge width at three levels (1, 3, 5 mm) respectively of 

F I G U R E  2   Bone changes measurements. ACP: apical central point. CCP: coronal central point. BCP: buccal coronal point. LCP: lingual 
central point

(a) (b) (c)
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the whole ridge, from the middle of the ridge to the buccal bone 
crest and from the middle of the ridge to the lingual bone crest.

All superimpositions of CBCT images and measurements of mor‐
phological changes were made by a single calibrated examiner 
(W.C.), who superimposed and measured, 24 hr apart, baseline 
and 4 months CBCT images of three different cases not included 
in the study. Intra‐class coefficient correlation (Bliese, 2000) was 
0.9891839.

2.10 | Data analysis

Descriptive statistics were provided for all the measures collected 
in the study. To test whether treatment groups were different, 
Kruskal–Wallis test, that is, the nonparametric counterpart to stand‐
ard ANOVA, followed by post hoc analysis (Dunn's pairwise test and 
Bonferroni's adjustment of p‐values), has been applied for compari‐
son of differences between groups.

All the analyses were performed using R statistical software (R 
Development Core Team, 2016). In all the analyses, the significance 
threshold was set at 0.05.

3  | RESULTS

The study population consisted of 32 subjects that were screened 
for participating in this clinical trial from 2015 to 2018. Of these 
patients, two were excluded due to a loss of buccal bone plate after 
tooth extraction. A total of 30 subjects were finally recruited, ran‐
domized and included in the clinical trial: 10 allocated to the SH 

group (negative control), 10 allocated to DBBM‐CM group (con‐
trol), and 10 allocated to IMPL/DBBM‐CM group (test), respec‐
tively. Hence, a total of 30 subjects were included in the analysis 
(Figure 3).

No significant differences between treatment groups were 
found at the baseline (Table 1) regarding age, gender, smoking status, 
tooth position, presence of both mesial and distal tooth, reason for 
extraction, FMPS, FMBS, KTH, GT and thickness of the crest.

3.1 | Clinical outcomes

All treated sites healed uneventfully, and no postoperative complica‐
tions were recorded. No significant differences were assessed from 
baseline to 4‐month follow up for FMPS, FMBS, KTH and GT in the 
three study groups. Slight but not significant differences were ob‐
served for KTH (−0.4 mm) and GT (+0.35 mm) for SH group, while no 
differences were observed for DBBM/CM group and IMPL/DBBM/
CM group.

3.2 | Radiographic outcomes

Dimensional alterations in millimetre and percentage that occurred 
during healing for all sites are reported in Table 2.

3.2.1 | Horizontal dimensional changes

One millimetre apical to the most coronal bone crest, the ridge 
width decreased 3.37 ± 1.55 mm (43.2 ± 25.1%), 1.56 ± 0.76 mm 
(19.2 ± 9.1%) and 1.29 ± 0.38 mm (14.9 ± 4.9%) in the SH, DBBM/CM 
and IMPL/DBBM/CM groups, respectively (Figure 4). No statistically 

F I G U R E  3   Consort diagram showing the study design.
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significant differences were observed between test and control 
groups, while significant differences were observed between SH 
group and both DBBM/CM and IMPL/DBBM/CM group.

No statistically significant differences between groups were ob‐
served for the ridge width changes 3 mm and 5 mm apical to the 
most coronal bone crest.

Mid‐buccal ridge width 1 mm apical to the most coronal bone crest 
decreased 2.45 ± 1.29 mm (54.9 ± 20.9%), 0.91 ± 0.43 mm (25.9 ± 11%) 
and 0.99 ± 0.21 mm (26 ± 7%) in the SH, DBBM/CM and IMPL/DBBM/
CM groups, respectively. No statistically significant differences were 
observed between test and control groups, while significant differ‐
ences were observed between SH group and both DBBM/CM and 
IMPL/DBBM/CM group. Mid‐lingual ridge width 1 mm apical to the 
most coronal bone crest decreased 0.98 ± 0.93 mm (24.3 ± 22%), 
0.64 ± 0.4 mm (14.4 ± 9%) and 0.29 ± 0.29 mm (5 ± 9%) in the SH, 
DBBM/CM and IMPL/DBBM/CM groups, respectively. No statistically 
significant differences were observed between groups, except changes 
in percentages between SH group and IMPL/DBBM/CM group.

Mid‐buccal ridge width 3 mm apical to the most coronal bone 
crest decreased 1.92 ± 1.99 mm (41.5 ± 26.4%) 0.53 ± 0.44 mm 
(15.7 ± 13.8%) and 0.70 ± 0.33 mm (19.2 ± 9.4%) in the SH, DBBM/
CM and IMPL/DBBM/CM groups, respectively. No statistically sig‐
nificant differences were observed between test and control groups, 
while significant differences were observed between SH group and 
both DBBM/CM and IMPL/DBBM/CM group. No statistically dif‐
ferences between groups were observed for the mid‐lingual ridge 
width changes 3 mm apical to the most coronal bone crest.

No statistically significant differences between groups were ob‐
served 5 mm apical to the most coronal bone crest for mid‐buccal 
and mid‐lingual ridge width changes.

3.2.2 | Vertical changes

No statistically significant differences between the groups were ob‐
served at the buccal and the lingual bone crest (Figure 5).

4  | DISCUSSION

The present study investigated the effect of immediate implant 
placement on alveolar ridge preservation when compared to al‐
veolar ridge preservation alone or spontaneous healing of the 
socket. Radiographic linear measurements using DICOM data 
demonstrated the effectiveness of the alveolar ridge preserva‐
tion technique, independently of the insertion of the implant, 
since these surgical protocols reduced the hard tissue dimensional 
changes that occurred after spontaneous healing of a flapped 
tooth extraction.

4.1 | Spontaneous healing

In this study, a marked resorption of the alveolar ridge was observed 
at 4 months when the socket was left to heal spontaneously after 
a flapped procedure, revealing a horizontal ridge width change of 
3.37 ± 1.55 mm (43.2 ± 25.1%) and a vertical change of 0.8 ± 1.1 mm 
(12 ± 17%) at the buccal aspect. These data are in agreement with 
those of a very recent similar radiographic study by Jung et al. (2013), 
in which a flapless procedure was performed.

The scientific literature has amply demonstrated in humans that 
after the extraction of a tooth, significant changes occur in ridge 
dimension both horizontally and vertically (Pietrokovski & Massler, 

Baseline characteristics SH DBBM‐CM IMPL/DBBM‐CM

Age (years) 50.5 (12.2) 55.5 (11.6) 52.5 (7.5)

Male/female 7/3 4/6 3/7

Smokers 3 4 3

Maxilla/mandible 8/2 6/4 8/2

Anterior/premolars 5/5 5/5 6/4

Presence of both mesial/distal 
tooth

9 9 9

Reason for extraction (endo/frac‐
ture/prosthetic/root resorption)

5/1/4 5/2/2/1 4/3/2/1

FMPS (%) 15.3 (1.3) 15.1 (1.9) 14.9 (1.5)

FMBS (%) 8.9 (0.4) 8.3 (0.6) 8.6 (0.5)

KTH (mm) 2.70 (1.25) 3.70 (0.95) 4.00 (1.41)

GT (mm) 1.40 (0.57) 1.30 (0.59) 1.30 (0.42)

Thickness 1 mm buccal (mm) 1.17 (0.39) 1.33 (0.25) 1.34 (0.45)

Thickness 3 mm buccal (mm) 1.21 (0.55) 1.35 (0.48) 1.37 (0.94)

Thickness 5 mm buccal (mm) 1.59 (0.41) 1.71 (1.30) 1.64 (0.90)

Thickness 1 mm lingual (mm) 1.99 (1.054) 2.43 (1.64) 2.05 (1.30)

Thickness 3 mm lingual (mm) 2.38 (0.91) 2.89 (1.78) 3.08 (1.81)

Thickness 5 mm lingual (mm) 3.02 (1.58) 4.12 (2.16) 4.34 (2.32)

TA B L E  1   Baseline demographic, 
clinical and radiographic data of included 
patients
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1967; Schropp et al., 2003). A very recent systematic review demon‐
strated a horizontal dimensional reduction of 3.79 ± 0.23 mm (29%–
63%) and a vertical bone loss at the buccal aspect of 1.24 ± 0.11 mm 
(11%–22%) at 6 months (Tan et al., 2012).

In this study, further analysis of mid‐buccal and mid‐lingual bone 
crest revealed that vertical and horizontal bone dimensional changes 
were more pronounced at the buccal (vertical: 0.8 ± 1.1 mm; hori‐
zontal: 2.45 ± 1.29 mm) than at the lingual (vertical: 0.2 ± 0.3 mm; 
horizontal: 0.98 ± 0.93 mm) aspect, thus shifting the centre of the 
crest towards a more palatal position. This observation is in agree‐
ment with preclinical studies by Araújo and Lindhe (2005), Fickl et 
al. (2008) and Discepoli et al. (2013) in which the observed morpho‐
logical changes were more significant at the buccal than the palatal/
lingual aspects.

On the other hand, similar to results from clinical trials in which 
radiographic analysis was performed at different levels below the 
alveolar crest (Jung et al., 2013; Kerr et al., 2008), this study demon‐
strated less horizontal ridge reduction as the distance from the al‐
veolar crest increased, despite differences in the surgical method 
(flapped in this study, flapless in Jung et al., 2013, and Kerr et al., 
2008). Different changes between the two cortices (buccal and 

palatal/lingual aspects) and at different heights (1, 3 and 5 mm) 
below the crest may be explained by differences in thickness of the 
alveolar crest at baseline. This resorption pattern may be due to the 
presence of bundle bone, in which the periodontal ligament fibres 
of a tooth invest, and which is lost following tooth extraction as it is 
a tooth‐dependent structure. In preclinical studies from Araújo and 
Lindhe (2005) and Discepoli et al. (2013), it was observed that thin 
crestal regions (high resorption rate) were made up exclusively of 
bundle bone while the thick regions (low resorption rate) were com‐
prised of a combination of bundle bone and lamellar bone.

Relatively large thickness of the marginal crest at baseline (buccal: 
1.17 ± 0.39 mm; lingual: 1.99 ± 1.05 mm) and site selection (mostly 
premolars) may explain the discrepancy with respect to the amount 
of crestal resorption between this study and results from Araujo, 
da Silva, de Mendonça, & Lindhe (2015), in which a vertical change 
of 3.6 mm (35.8%) at the buccal site and 1.4 mm (13.4%) at the pal‐
atal site were reported. In that article, the study sample comprised 
mostly anterior teeth, and further analysis of their data revealed that 
the reduction in the buccal bone plate was more pronounced in the 
anterior than in the premolar regions. As demonstrated by Januario 
et al. (2011) from a radiographic study, about 50% of the coronal 

TA B L E  2   Calculated statistical differences for changes in ridge height and width over 4 months among the three treatment modalities

Dimensional changes SH DBBM‐CM
IMPL/
DBBM‐CM

Kruskal–
Wallis 
(p‐value)

Pairwise comparisons

SH vs. 
DBBM‐CM

SH vs. 
IMPL/
DBBM‐CM

DBBM‐CM 
vs. IMPL/
DBBM‐CM

Vertical buccal (mm) −0.83 (1.14) −0.31 (0.33) −0.56 (0.38) 0.3444    

Vertical lingual (mm) −0.21 (0.31) −0.32 (0.47) −0.50 (0.58) 0.4658    

Vertical buccal (%) −10.60 (14.00) −3.94 (4.79) −6.26 (4.64) 0.4181    

Vertical lingual (%) −2.15 (3.23) −3.58 (4.72) −4.98 (5.83) 0.4586    

Horizontal 1 mm (mm) −3.37 (1.55) −1.56 (0.71) −1.29 (0.38) 0.0008 0.0133 0.0011 1

Horizontal 3 mm (mm) −2.41 (1.97) −1.07 (0.69) −0.99 (0.48) 0.0534    

Horizontal 5 mm (mm) −1.88 (1.55) −0.96 (0.61) −0.92 (0.59) 0.1858    

Horizontal 1 mm (%) −43.23 (25.05) −19.21 (9.18) −14.92 (4.85) 0.001 0.0213 0.0011 1

Horizontal 3 mm (%) −30.62 (28.60) −12.27 (8.56) −10.78 (5.64) 0.0738    

Horizontal 5 mm (%) −23.12 (20.69) −10.44 (7.13) −9.51 (6.44) 0.1349    

Mid‐buccal 1 mm (mm) −2.45 (1.29) −0.91 (0.43) −0.99 (0.21) 0.0001 0.0003 0.0014 1

Mid‐buccal 3 mm (mm) −1.92 (1.99) −0.53 (0.44) −0.70 (0.33) 0.0292 0.0342 0.1461 1

Mid‐buccal 5 mm (mm) −1.43 (1.35) −0.56 (0.44) −0.53 (0.31) 0.0833    

Mid‐buccal 1 mm (%) −54.96 (20.99) −25.96 (11.01) −26.80 (7.07) 0.0004 0.0009 0.0034 1

Mid‐buccal 3 mm (%) −41.51 (26.45) −15.76 (13.86) −19.22 (9.44) 0.0335 0.056 0.095 1

Mid‐buccal 5 mm (%) −38.771 (28.16) −16.90 (15.21) −14.87 (8.78) 0.047 0.1262 0.076 1

Mid‐lingual 1 mm (mm) −0.98 (0.93) −0.64 (0.40) −0.29 (0.29) 0.0825    

Mid‐lingual 3 mm (mm) −0.55 (0.59) −0.53 (0.29) −0.29 (0.26) 0.1061    

Mid‐lingual 5 mm (mm) −0.45 (0.45) −0.40 (0.25) −0.38 (0.39) 0.9741    

Mid‐lingual 1 mm (%) −24.03 (22.07) −14.47 (9.65) −5.99 (6.18) 0.0308 1 0.031 0.2061

Mid‐lingual 3 mm(%) −14.30 (15.87) −10.29 (6.51) −5.20 (4.74) 0.1163    

Mid‐lingual 5 mm (%) −10.88 (12.61) −7.00 (4.60) −6.44 (7.08) 0.7421    

In bold: statistically significant differences
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(5 mm) portion of the buccal bone wall in maxillary incisors and ca‐
nines is < 0.5 mm wide, with an average of 0.6 mm wide.

4.2 | ARP

The observations in the present study established that the placement 
of a bone substitute material (DBBM) in the fresh extraction socket, 
covered by a collagen matrix, reduced vertical and horizontal ridge re‐
sorption. This is in agreement with data reported by Jung et al. (2013), 
in which both vertical and horizontal resorption were limited by the 
placement of DBBM, covered by a collagen matrix, in the fresh extrac‐
tion socket, despite the fact that in that study a flapless approach was 
performed.

This is also in agreement with a number of recently published sys‐
tematic reviews on ARP procedures (Ten Heggeler et al., 2011; Horvath 
et al., 2013; MacBeth et al., 2017; Mardas et al., 2010; Vignoletti, 
Discepoli, et al., 2012; Vignoletti, Matesanz, et al., 2012; Vittorini Orgeas 
et al., 2013) which conclude how no bone substitute material and/or 
membrane is able to completely preserve the alveolar ridge after tooth 
extraction, but may limit buccal plate resorption to a certain extent.

Findings from the present study revealed that mid‐buccal hori‐
zontal changes 1 mm (0.91 ± 0.43 mm), and 3 mm (0.53 ± 0.44 mm) 
below the marginal crest have been the ones which statistically ben‐
efited the most from ARP procedure when compared to spontaneous 
healing. This means, in agreement with Araújo, Linder, Wennström, 
and Lindhe (2008), that graft material apparently promoted de novo 
hard tissue formation showing a radiographic appearance different 
from that of a cortical plate but maintaining the dimensions of the 
hard tissue wall. This is particularly true for sites made up exclusively 
of bundle bone, therefore regions with a very thin bone crest.

4.3 | ARP + Immediate implant placement

In the present work, no statistically significant difference resulted 
from the comparison between test group (IMPL/DBBM/CM) and 
control group (DBBM/CM), indicating that the preservation of bone 

volumes is quite similar in sites where the implant was inserted and 
in the sites where only ARP was performed.

When an implant was inserted simultaneously to an ARP pro‐
cedure after flapped tooth extraction, horizontal mean changes at 
1 mm below the marginal crest were 1.29 ± 0.38 mm (14.9 ± 4.9%) 
with changes at buccal aspect of 0.99 ± 0.21 mm (26.80 ± 7.07%). 
These data are completely in agreement with a recent work by Sanz 
et al. (2017), aimed at evaluating differences in dimensional alter‐
ations of the ridge after 4 months between immediate implants 
and immediate implants associated with regenerative procedures. 
Reporting a bucco‐lingual dimensional change (1 mm below the 
crest) in grafted sites of 1.3 (11%) and a reduction of the buccal cor‐
tical bone of 1.1 mm (29%), they demonstrated that placement of 
DBBM in the void between the implant and the walls of the fresh 
extraction socket somewhat counteracted the contraction of the 
buccal hard tissue plate that normally occurs during healing.

Similar data were also presented in a radiographic study by 
Degidi, Daprile, Nardi, and Piattelli (2012), in which the mean re‐
duction in the distance between implant surface and outer surface 

F I G U R E  4   Changes in ridge width (mm) at buccal and lingual aspects over 4 months based on cone‐beam computed tomography 
measurements

F I G U R E  5   Changes in ridge height (mm) over 4 months based 
on cone‐beam computed tomography measurements
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of buccal bone crest was 0.88 ± 0.51 mm (29.3%) after 1 year of a 
flapless immediate implant placement with simultaneous grafting of 
the buccal gap with DBBM and immediate restoration. Analysing the 
height of the marginal buccal crest, the authors reported a mean re‐
duction of 0.76 ± 0.96 mm, that is, similar to 0.6 ± 0.4 mm of vertical 
dimensional alteration obtained in this study at the buccal site when 
an immediate implant and an ARP procedure were simultaneously 
performed.

These data seem to confirm the trend towards better out‐
comes achieved by means of the combined use of regenera‐
tive techniques observed in a clinical trial by Chen, Darby, and 
Reynolds (2007) and by a recent systematic review (Clementini et 
al., 2015) on dimensional changes after immediate implant place‐
ment with or without simultaneous regenerative procedures. In 
IMPL/DBBM/CM group of the present study, a flapped proce‐
dure was performed and the inserted implant was not immedi‐
ately restored. The use of a flapless procedure or an immediate 
restoration, as the placement of a soft‐tissue graft or the use of a 
platform‐switching implant–abutment connection should further 
be investigated in well‐designed clinical trials, since there are in‐
dications of their potential benefit in maintaining ridge volume 
after tooth extraction.

Due to the small sample size, this randomized controlled clinical 
trial was not able to identify correlations between some prognostic 
factors (i.e., thickness of the buccal bone plate at baseline, tooth lo‐
cation) and the radiographic outcomes (Ferrus et al., 2010; Tomasi 
et al., 2010). The short follow‐up period (4 months) of a radiographic 
analysis is another limit of this study since it does not allow an eval‐
uation of the real benefits for patients of limiting morphological 
changes after tooth extraction. In this study, a number of outcomes 
could not be evaluated, as the necessity and the amount of a ridge 
augmentation procedure necessary for implant placement, the oc‐
currence of soft tissue dehiscence and patient reported outcomes 
(overall treatment time, number of surgical procedures, aesthetic 
satisfaction). However, regardless of its limitations, the present 
study reveals interesting data which translates into clinically rele‐
vant information.

5  | CONCLUSION

The present study demonstrates that after a flapped extraction of 
a tooth, vertical and horizontal changes of the alveolar ridge occur, 
regardless of whether alveolar ridge preservation is performed. 
This happens despite the placement of an implant simultaneously 
with the ridge preservation procedure. However, a preservation 
technique, with or without immediate implant placement, reduces 
the horizontal bone morphological changes that occur, mostly in 
the coronal portion of the buccal bone plate, when compared to 
spontaneous healing. For this reason, immediate implant place‐
ment in postextraction sites plus an ARP technique may be a viable 
option to reduce hard tissue morphological changes and treatment 
time.

ACKNOWLEDG EMENTS

The authors would like to thank Dr. Lucrezia Paterno' Holtzman 
for review of the English language.

CONFLIC T OF INTERE S T

The authors report no conflict of interests related to the study.

ORCID

Marco Clementini  https://orcid.org/0000‐0002‐1827‐5200 

R E FE R E N C E S

Araújo, M. G., da Silva, J. C. C., de Mendonça, A. F., & Lindhe, J. (2015). 
Ridge alterations following grafting of fresh extraction sockets in 
man. A randomized clinical trial. Clinical Oral Implants Research, 26, 
407–412. https ://doi.org/10.1111/clr.12366 

Araújo, M. G., Linder, E., Wennström, J. L., & Lindhe, J. (2008). The in‐
fluence of Bio‐Oss collagen on healing of an extraction socket: An 
experimental study in the dog. International Journal of Periodontics 
and Restorative Dentistry, 28, 123–135. https ://doi.org/10.1111/
clr.12366 

Araújo, M. G., & Lindhe, J. (2005). Dimensional ridge alterations following tooth 
extraction. An experimental study in the dog. Journal of Clinical Periodontology, 
32, 212–218. https ://doi.org/10.1111/j.1600‐051X.2005.00642.x

Araujo, M. G., Sukekava, F., Wennstrom, J. L., & Lindhe, J. (2005). Ridge 
alterations following implant placement in fresh extraction sockets: 
An experimental study in the dog. Journal of Clinical Periodontology, 
32, 645–652. https ://doi.org/10.1111/j.1600‐051X.2005.00726.x

Avila‐Ortiz, G., Chambrone, L., & Vignoletti, F. (2019). Effect of alveolar 
ridge preservation interventions following tooth extraction: a sys‐
tematic review and meta‐analysis. Journal of Clinical Periodontology. 
[Epub ahead of print]. https ://doi.org/10.1111/jcpe.13057 

Bliese, P. D. (2000). Within‐group agreement, non‐independence, and 
reliability: Implications for data aggregation and Analysis. In K. 
J. Klein, & S. W. Kozlowski (Eds.), Multilevel theory, research, and 
methods in organizations (pp. 349–381). San Francisco, CA: Jossey‐
Bass Inc.

Chen, S. T., & Buser, D. (2014). Esthetic outcomes following immediate 
and early implant placement in the anterior maxilla – a systematic 
review. International Journal of Oral & Maxillofacial Implants, 29, 186–
215. https ://doi.org/10.11607/ jomi.2014s uppl.g3.3.

Chen, S. T., Darby, I. B., & Reynolds, E. C. (2007). A prospective clinical 
study of non‐submerged immediate implants: Clinical outcomes and 
esthetic results. Clinical Oral Implants Research, 18, 552–562. https ://
doi.org/10.1111/j.1600‐0501.2007.01388.x

Clementini, M., Discepoli, N., Danesi, C., & de Sanctis, M. (2018). 
Biologically guided flap stability: The role of flap thickness including 
periosteum retention on the performance of the coronally advanced 
flap–A double‐blind randomized clinical trial. Journal of Clinical 
Periodontology, 45, 1238–1246. https ://doi.org/10.1111/jcpe.12998 

Clementini, M., Tiravia, L., De Risi, V., Vittorini Orgeas, G., Mannocci, 
A., & de Sanctis, M. (2015). Dimensional changes after immediate 
implant placement with or without simultaneous regenerative pro‐
cedures: A systematic review and meta‐analysis. Journal of Clinical 
Periodontology, 42, 666–677. https ://doi.org/10.1111/jcpe.12423 

Cosyn, J., Hooghe, N., & De Bruyn, H. (2012). A systematic review on the 
frequency of advanced recession following single immediate implant 
treatment. Journal of Clinical Periodontology, 39, 582–589. https ://doi.
org/10.1111/j.1600‐051X.2012.01888.x



124

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2019

786  |     CLEMENTINI ET aL.

De Risi, V., Clementini, M., Vittorini, G., Mannocci, A., & de Sanctis, M. 
(2015). Alveolar ridge preservation techniques: A systematic review 
and meta‐analysis of histological and histomorphometrical data. Clinical 
Oral Implants Research, 26, 50–68. https ://doi.org/10.1111/clr.12288 

Degidi, M., Daprile, G., Nardi, D., & Piattelli, A. (2012). Buccal bone plate 
in immediately placed and restored implant with Bio‐Oss collagen 
graft: A 1‐year follow‐up study. Clinical Oral Implants Research, 24(11), 
1201–1205. https ://doi.org/10.1111/j.1600‐0501.2012.02561.x

Discepoli, N., Vignoletti, F., Laino, L., de Sanctis, M., Munoz, F., & Sanz, 
M. (2013). Early healing of the alveolar process after tooth ex‐
traction. An experimental study in the beagle dog. Journal of Clinical 
Periodontology, 40, 638–644. https ://doi.org/10.1111/jcpe.12074 

Discepoli, N., Vignoletti, F., Laino, L., de Sanctis, M., Munoz, F., & Sanz, M. 
(2015). Fresh extraction socket: Spontaneous healing vs. immediate 
implant placement. Clinical Oral Implants Research, 26, 1250–1255. 
https ://doi.org/10.1111/clr.12447 

Evans, C. D., & Chen, S. T. (2008). Esthetic outcomes of immediate im‐
plant placements. Clinical Oral Implants Research, 19(1), 73–80.

Ferrus, J., Cecchinato, D., Pjetursson, E. B., Lang, N. P., Sanz, M., & Lindhe, 
J. (2010). Factors influencing ridge alterations following immediate im‐
plant placement into extraction sockets. Clinical Oral Implants Research, 
21, 22–29. https ://doi.org/10.1111/j.1600‐0501.2009.01825.x

Fickl, S., Zuhr, O., Wachtel, H., Stappert, C. F. J., Stein, J. M., & Hürzeler, M. B. 
(2008). Dimensional changes of the alveolar ridge contour after differ‐
ent socket preservation techniques. Jorunal of Clinical Periodontology, 
35, 906–913. https ://doi.org/10.1111/j.1600‐051X.2008.01305.x

Hämmerle, C. H. F., Araújo, M. G., & Simion, M. (2012). Evidence‐based knowl‐
edge on the biology and treatment of extraction sockets. Clinical Oral Implants 
Research, 23(5), 80–82. https ://doi.org/10.1111/j.1600‐0501.2011.02370.x.

Horvath, A., Mardas, N., Mezzomo, L. A., Needleman, I. G., & Donos, N. 
(2013). Alveolar ridge preservation. A systematic review. Clinical Oral 
Investigations, 17, 341–363. https ://doi.org/10.1007/s00784‐012‐0758‐5

Januario, A. L., Duarte, W. R., Barriviera, M., Mesti, J. C., Araujo, M. G., & 
Lindhe, J. (2011). Dimension of the facial bone wall in the anterior maxilla: A 
cone‐beam computed tomography study. Clinical Oral Implants Research, 
10, 1168–1171. https ://doi.org/10.1111/j.1600‐0501.2010.02086.x

Jung, R. E., Philipp, A., Annen, B. M., Signorelli, L., Thoma, D. S., 
Hämmerle, C. H., … Schmidlin, P. (2013). Radiographic evaluation of 
different techniques for ridge preservation after tooth extraction: A 
randomized controlled clinical trial. Journal of Clinical Periodontology, 
1, 90–98. https ://doi.org/10.1111/jcpe.12027 

Kerr, E. N., Mealey, B. L., Noujeim, M. E., Lasho, D. J., Nummikoski, P. V., & 
Mellonig, J. T. (2008). The effect of ultrasound on bone dimensional 
changes following extraction: A pilot study. Journal of Periodontology, 
79(2), 283–290. https ://doi.org/10.1902/jop.2008.070289

Lang, N. P., & Bartold, P. M. (2018). Periodontal health. Journal of Clinical 
Periodontology, 45(20), S9–S16. https ://doi.org/10.1111/jcpe.12936 

Lang, N. P., Pun, L., Lau, K. Y., Li, K. Y., & Wong, M. C. (2012). A systematic review 
on survival and success rates of implants placed immediately into fresh 
extraction sockets after at least 1 year. Clinical Oral Implants Research, 
23(5), 39–66. https ://doi.org/10.1111/j.1600‐0501.2011.02372.x

Lazzara, R. G. (1989). Immediate implant placement into extraction 
sites: Surgical and restorative advantages. International Journal of 
Periodontics and Restorative Dentistry, 9(5), 332–343.

MacBeth, N., Trullenque‐Eriksson, A., Donos, N., & Mardas, N. (2017). 
Hard and soft tissue changes following alveolar ridge preservation: A 
systematic review. Clinical Oral Implant Research, 28, 982–1004. https 
://doi.org/10.1111/clr.12911 

Mardas, N., Chadha, V., & Donos, N. (2010). Alveolar ridge preserva‐
tion with guided bone regeneration and a synthetic bone substitute 
or a bovine‐derived xenograft: A randomized, controlled clinical 
trial. Clinical Oral Implants Research, 21(7), 688–698. https ://doi.
org/10.1111/j.1600‐0501.2010.01918.x

Muhlemann, H. R., & Son, S. (1971). Gingival sulcus bleeding –a leading 
symptom in initial gingivitis. Helvetica Odontologica Acta, 15, 107–113.

O’Leary, T. J., Drake, R. B., & Naylor, J. E. (1972). The plaque control 
record. Journal of Periodontology, 43, 38. https ://doi.org/10.1902/
jop.1972.43.1.38

Pietrokovski, J., & Massler, M. (1967). Alveolar ridge resorption following 
tooth extraction. Journal of Prosthetic Dentistry, 17, 21–27. https ://
doi.org/10.1016/0022‐3913(67)90046‐7

Sanz, M., Lindhe, J., Alcaraz, J., Sanz‐Sanchez, I., & Cecchinato, D. (2017). 
The effect of placing a bone replacement graft in the gap at im‐
mediately placed implants: A randomized clinical trial. Clinical Oral 
Implants Research, 28(8), 902–910. https ://doi.org/10.1111/clr.12896 

Schropp, L., Wenzel, A., Kostopoulos, L., & Karring, T. (2003). Bone healing 
and soft tissue contour changes following single‐tooth extraction: A 
clinical and radiographic 12‐month prospective study. The International 
Journal of Periodontics & Restorative Dentistry, 23, 313–323.

Schulte, W., & Heimke, G. (1976). The Tübingen immediate implant. Die. 
Die Quintessenz, 27(6), 17–23.

Tan, W. L., Wong, T. L., Wong, M. C., & Lang, N. P. (2012). A systematic 
review of post‐extractional alveolar hard and soft tissue dimensional 
changes in humans. Clinical Oral Implants Research, 23(Suppl 5), 1–21. 
https ://doi.org/10.1111/j.1600‐0501.2011.02375.x

Ten Heggeler, J. M. A. G., Slot, D. E., & Van der Weijden, G. A. (2011). Effect of 
socket preservation therapies following tooth extraction in non‐molar 
regions in humans: A systematic review. Clinical Oral Implants Research, 
22(8), 779–788. https ://doi.org/10.1111/j.1600‐0501.2010.02064.x

Tomasi, C., Sanz, M., Cecchinato, D., Pjetursson, B., Ferrus, J., Lang, 
N. P., & Lindhe, J. (2010). Bone dimensional variations at im‐
plants placed in fresh extraction sockets: A multilevel multivari‐
ate analysis. Clinical Oral Implants Research, 21, 30–36. https ://doi.
org/10.1111/j.1600‐0501.2009.01848.x

Tonetti, M. S., Cortellini, P., Graziani, F., Cairo, F., Lang, N. P., Abundo, R., 
… Wetzel, A. (2017). Immediate versus delayed implant placement 
after anterior single tooth extraction: The timing randomised con‐
trolled clinical trial. Journal of Clinical Periodontology, 44, 215–224. 
https ://doi.org/10.1111/jcpe.12666 

Van der Weijden, F., Dell’Acqua, F., & Slot, D. E. (2009). Alveolar bone di‐
mensional changes of post‐extraction sockets in humans: A system‐
atic review. Journal of Clinical Periodontology, 36, 1048–1058. https ://
doi.org/10.1111/j.1600‐051X.2009.01482.x

Vignoletti, F., Discepoli, N., Muller, A., de Sanctis, M., Munoz, F., & Sanz, 
M. (2012). Bone modelling at fresh extraction sockets: Immediate im‐
plant placement versus spontaneous healing: An experimental study 
in the beagle dog. Journal of Clinical Periodontology, 39, 91–97. https 
://doi.org/10.1111/j.1600‐051X.2011.01803.x

Vignoletti, F., Matesanz, P., Rodrigo, D., Figuero, E., Martin, C., & Sanz, 
M. (2012). Surgical protocols for ridge preservation after tooth ex‐
traction. A systematic review. Clinical Oral Implants Research, 23(Suppl 
5), 22–38. https ://doi.org/10.1111/j.1600‐0501.2011.02331.x

Vignoletti, F., & Sanz, M. (2014). Immediate implants at fresh extraction 
sockets: From myth to reality. Periodontology, 2000(66), 132–152. 
https ://doi.org/10.1111/prd.12044 

Vittorini Orgeas, G., Clementini, M., De Risi, V., & de Sanctis, M. (2013). 
Surgical techniques for alveolar socket preservation: A systematic 
review. International Journal of Oral and Maxillofacial Implants, 28(4), 
1049–1061. https ://doi.org/10.11607/ jomi.2670

How to cite this article: Clementini M, Agostinelli A, 
Castelluzzo W, Cugnata F, Vignoletti F, De Sanctis M. The 
effect of immediate implant placement on alveolar ridge 
preservation compared to spontaneous healing after tooth 
extraction: Radiographic results of a randomized controlled 
clinical trial. J Clin Periodontol. 2019;46:776–786. https ://doi.
org/10.1111/jcpe.13125 



125

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2019

BAOJ Dentistry

Cardarelli A, et al. BAOJ Dentistry 2019, 5: 1

5: 050

BAOJ Dentistry, an open access journal Volume 5; Issue 1; 050

Case Report

Immediate Loading Mandibular Rehabilitation with Reduced Number of 

Implants
Angelo Cardarelli1*, Michele Grechi1, Pietro Montemezzi1, Mario Piro1 and Paolo Cappare1  

1Department of Dentistry University “Vita-Salute” San Raffaele Milano, Dean Professor E.F. Gherlone,                             
IRCCS San Raffaele Hospital, Milan, Italy

*Corresponding Author: Angelo Cardarelli, Department of Dentistry 

University “Vita-Salute” San Raffaele Milano, Dean Professor E.F. Gherlone, 

IRCCS San Raffaele Hospital, Milan, Italy, E-mail: angelo_cardarelli@libero.

it 

Sub Date:  January 07th, 2019, Acc Date: January 12th, 2019, Pub Date: 

January 16th, 2019

Citation: Cardarelli A, Michele G, Pietro M, et al. (2019) Immediate 

Loading Mandibular Rehabilitation with Reduced Number of Implants. 

BAOJ Dentistry 5: 050.

Copyright: © 2019 Cardarelli A. This is an open access article distributed 

under the terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author and source are credited.

Introduction

Implant-prosthetic rehabilitations of immediate jaws represent a 
therapeutic possibility with a high success rate and satisfaction for 
the operator and the patient. However, the anatomy of the jaws, 
periodontal and iatrogenic damages represent limitations to the 
conventional rehabilitations of edentulous patients and with serious 
impairment of the residual dental elements that would require pre-
implant bone regeneration treatments. These methods are to be 
considered for patients with a high biological and economic cost, 
with high morbidity and operator employees. For these reasons, the 
current implant guidelines focus on clinical protocols that exploit the 
residual basal bone without the need for any kind of regeneration. 
These methods, well supported by scientific data, provide for an 
immediate restoration of the function by positioning implants with 
immediate loading. The “All on Four” protocol requires the placement 
of four implants, two anterior “straight” and two tilted posterior ones 
placed in the basal bone of the jaws. The reduced number of implant 
rehabilitations, whether they are inclined or not, are proven by 
numerous scientific studies showing that four implants are sufficient to 
support full-arch prosthesis. Since the immediate loading of inclined 
and axial implants with placement of an immediate provisional 
prosthesis is proposed as a predictable, fast and cheap method to 
treat maxillary atrophy, the purpose of this article is to illustrate the 
mandibular rehabilitation with immediate loading of a patient with 
severe impairment of residual dental elements [1-2-3-4-5].

Materials and Methods

In this case it is described a woman patient of 65 years, in good health, 
with a negative history, not a smoker. The clinical and radiographic 
examination (OPT and Cone Beam) (Figure 1-2). shows a serious 
impairment, with widespread mobility of the remaining dental 
elements (Figures.3-4-5-6-7). In agreement with the patient is 
therefore decided to carry out the reclamation of the dental elements 
Residues, and to insert 4 implants with immediate loading according 
to the “All on 4” method.

Surgical and Prosthetic Procedures

One hour before the operation, 1 g of amoxicillin is given to the patient, 
to be taken twice a day for the following 6 days. Surgical procedures 
are performed under local anesthesia, 20 mg / mL optocaine with 
1: 80,000 adrenalines. At the mandibular level the remaining dental 
elements are emulsified, then a crestal incision is made from the 
area of the first right molar to the first left molar with two distal 
discharges and the mucoperiosteal detachment aimed at highlighting 
the emergence of the chin guard holes. {Figures.8-9-10} the posterior 
implants, with a diameter of 3.8 mm and a length of 15 mm, are 
positioned above the mentally foramen and inclined mesially by 30-
45 degrees to the occlusal plane. The posterior implants generally 
emerge in the position of the second premolar. Subsequently, the axial 
implants are positioned 3.8 mm in diameter and 13 in length (Winsix 
Biosafin) (Figure.11-12). For the front implants are positioned 
Extreme Abutments straight, while for those posterior to 30 degrees 
to compensate for the lack of parallelism between the fixtures. These 
degrees of angulations are chosen to allow the access hole of the 
prosthetic screw an occlusal or lingual position with respect to the teeth 
mounted on the provisional prosthesis. The suture is made with 4/0 
silk thread. At the end of the operation the previously made temporary 
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prosthesis is re-ribbed and screwed according to the diagnostic set up, 
whose vertical dimension is established and corrected by the study 
fingerprints and the cephalometric study (Figure. 13-14-15). The 

patient is given a semi-solid diet for 2 months following the operation. 
At 4 months from the osseointegration and stabilization of the soft 
tissues the impressions are detected, and a composite screwed Toronto 
is made (Figures.16-17-18-19-20-21-22-23).

Figure: 

Figure:  

Figure: 
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(3) (4)
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Results and Conclusions

At the 24-month follow-up the clinical and radiological appearance of 
soft and hard tissues is optimal and no pathological signs or prosthetic 
complications were recorded (Figure.24). This surgical technique, 
therefore, represents a valid and predictable therapeutic alternative 
to the techniques of bone augmentation and regeneration. The 
biomechanical aspect on which the use of angled implants is based is 
the reduction of the cantilever and therefore a better and homogeneous 
distribution of the loads at the prosthetic level. Numerous studies have 
reported a high survival rate; others have assessed the amount of stress 
in the peri-implant bone, and these studies showed that the single 
angled implant [6-7-8-9-10].

 Subjected to axial loads presents greater per implant bone stress 
than the single axial implant; however, when the angled implants is 
joined to other implants with an educed cantilever, it presents a minor 
mechanical stress at the per implant level compared to solidarizza 
implants but with a greater cantilever [11-12-13-14].
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The aim of this cohort study was to investigate the relationship between crestal bone levels and crown-to-implant ratio of ultra-short

implants, after functional loading. Sixty patients with single or partial edentulism and alveolar bone atrophy were enrolled and treated

between December 2009 and January 2016. Without using bone-grafting procedures, patients were rehabilitated with ultra-short implants

characterized by a microrough surface and a 6-mm length. Clinical and anatomical crown-to-implant (C/I) ratios and crestal bone levels

(CBL) were measured after a follow-up period ranging from 12 to 72 months; all peri-implant and prosthetic parameters were recorded.

The data collected were statistically analyzed (P ¼ .05). A total of 47 patients with 66 ultra-short implants were completely followed up

according to described protocol. The mean follow-up was 48.5 6 19.1 months. The mean anatomical C/I ratio was 2.2, while the mean

clinical C/I ratio was 2.6 6 0.6 at baseline and 2.8 6 0.6 at the last follow-up appointment. Mean CBL as calculated at the baseline was 0.7

6 0.5 mm, while at the last appointment it measured 1.06 0.5 mm. The overall implant-based success rate was 96.9%, and the mean peri-

implant bone loss (PBL) was 0.3 6 0.3 mm. No statistically significant relationship was found between anatomical or clinical C/I ratio and

PBL. Ultra-short implants appear to offer a predictable solution for implant-prosthetic rehabilitation in patients with edentulism and bone

atrophy. A high percentage of implants were successful, with minimal crestal bone loss. The high C/I ratio did not appear to influence

either peri-implant bone loss or prosthetic complication rates.

Key Words: dental implants, ultra short implants, micro roughed surface, biomechanical evaluation

INTRODUCTION

E
dentulism typically results in progressive resorption of

the alveolar bone.1,2 When advanced maxillary or

mandibular bone atrophy has occurred, prosthetic

rehabilitation with standard implants can be difficult

or even impossible.3 As a result, different strategies have been

developed to enable implant placement when limited bone is

available. Surgical interventions include bone grafts, guided

bone regeneration, distraction osteogenesis, sinus floor eleva-

tion, and alveolar nerve transposition; tilted, pterygoid, and

zygomatic implants have also been developed.4,5

Ten Bruggenkate et al6 introduced the term ‘‘short implant’’

in a study involving 6mm-long osseointegrated implants that

were placed and followed for 1 to 7 years.

However, the definition of short and ultra-short implant

remains inconsistent in the literature. Classification of any

implant as ‘‘short’’ or ‘‘ultra-short’’ requires consideration of the

implant’s intra-bone length.7 In one recent meta-analysis,

implants with an intra-bone length between 6 and 9 mm were

defined as short, while implants with an intra-bone length less

than or equal to 6 mm were defined as ultra-short.8 Recently,

short implants (,8–10 mm long) have been considered a

therapeutic alternative for the implant-prosthetic rehabilitation

of edentulous jaws that may provide surgical advantages

including reduced morbidity, treatment time, and costs.9,10

Although the first studies of short implants showed lower

success rates than those for standard implants,11,12 later studies

demonstrated success rates similar to those of longer

devices,3,13 as technical innovations in the implant surface

and design helped to compensate for the unfavorable crown-

to-implant ratio and lower surface available for osseointegra-

tion.14 In recent years, short implants have also been used for
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the rehabilitation of extremely atrophic jaws, with predictable

long-term results shown for both short and ultra-short

implants.8,15–18

The aim of the present study was to investigate the

relationship between peri-implant bone loss and crown-

implant ratio when ultra-short implants with a micro-rough

surface were placed and followed for up to 72 months.

MATERIALS AND METHODS

Subjects

Inclusion criteria consisted of single, partial, or total edentulism,

with a residual bone height of �5 mm in the upper jaw and �7

mm in the lower jaw. Bone width of �6 mm was required,

along with a need for rehabilitation with a fixed implant-

supported prosthesis. All patients had to accept treatment

based on use of ultra-short implants.

Exclusion criteria were poor oral hygiene, heavy smoking

(.20 cigarettes/day), alcohol or drug abuse, acute oral

infection, American Society of Anesthesiologists physical status

classification of IV or V, any history of radiotherapy in the oral

maxillofacial area, recent chemotherapy, or pregnancy.

Other situations such as bruxism and clenching; smoking

less than 20 cigarettes/day; diabetes; type IV bone (according

to Lekholm and Zarb’s classification19); class IV or V atrophy

(according to Cawood and Howell’s classification1); human

immunodeficiency virus; hepatitis C virus; hepatitis B virus;

osteoporosis; autoimmune diseases; benign or malign neopla-

sia; hematologic, hepatic, or kidney diseases; and corticosteroid

therapies were not considered as exclusion criteria to evaluate

the implant function under these unfavorable conditions.

Following these criteria, patients were enrolled in the study

between December 2009 and December 2015. The patients

were clearly informed about the nature and aim of the study,

and all participants provided written informed consent for the

scientific use of their anonymous data. The study was

conducted in accordance with ethical guidelines for research

on human beings.

All enrolled patients were treated between January 2009

and January 2016 using ultra-short (6 mm long) implants with a

microroughened (sandblasted and etched) surface, following

standardized surgical procedures.

Materials

Two types of implants were used. The first were cylindrical (K

implants, WINSIX, BioSAFin, Ancona, Italy) with a sandblasted

and etched surface, 6 mm length, and 1 of 2 diameters (4.5 and

5.2 mm). The second type was tapered (TTx implants, WINSIX,

BioSAFin, Ancona, Italy), with a sandblasted and etched surface,

6 mm length, and 1 of 3 diameters (3.8, 4.5, and 5.2 mm). All

implants had an external hexagon connection and a smooth

machined collar of 0.7 mm. All were purchased from the

manufacturer by the clinician.

Preoperative evaluation

Each patient was clinically and radiographically evaluated.

Panoramic or periapical radiographs were taken as a prelimi-

nary measure. In some cases, a cone-beam computerized

tomography (CBCT) scan was obtained to facilitate more

accurate evaluation of the degree of atrophy and proximity

to other anatomical structures. Clinical evaluation consisted of a

complete analysis of the oral hygiene and soft-tissue condi-

tions, residual teeth, and other factors that might be relevant

for treatment planning.

Procedures

Antibiotic prophylaxis was amoxicillin and clavulanic acid, 1 g, 2

times/day for 5 days or azithromycin 600 mg/day for 3 days for

patients who were allergic to penicillin. Anti-inflammatory

therapy was also administered and consisted of 600 mg of

ibuprofen 2 times/day for 3 days, beginning with 1 dose before

surgery. Local anesthesia with mepivacaine 2% with epineph-

rine 1:50 000 was performed at the surgical site, then each

patient rinsed with clorhexidine 0.2% for 2 minutes. Implant

insertion was performed in healed sites following a 4-step

procedure: elevation of a mucoperiosteal flap, preparation of

the implant site, low-speed implant placement, and surgical

flap suturing (Figures 1a through c, 2a and b).

The site preparation and implant placement varied

depending on the bone density and volume and nearby

anatomical structures. An osteotomic technique20 was em-

ployed whenever a sinus lift or augmentation of bone density

was needed. When the bone width was insufficient, a

combination of standard preparation with drills and the

alternative osteotomic technique was adopted. A standard

technique described in a previous study21 was used at sites

where the bone volume was adequate, and bone density was

Type 1 or 2.

In high-density bone, the site was tapped with drills if K

implants were inserted, while drills with progressive diameters

were used to insert tapered design (TTx) implants passively.

Otherwise, the site was prepared according to the sequence of

drills, as per the manufacturer’s instructions.

Once the implants were inserted, they were torqued to 25–

60 Ncm, cover screws were positioned, and the flaps were

passively sutured to favor first intention healing. Patients were

instructed to consume a liquid diet in the postsurgical period,

maintain good oral hygiene to avoid infections, and rinse twice

a day with clorhexidine 0.2% for 10 days.

To achieve osseointegration, the implants were allowed to

heal submerged for 3 to 4 months in the maxilla and 2 to 3

months in the mandible. They were then restored with fixed

cemented single crowns or partial prostheses.

All patients were enrolled in a follow-up program that

included professional oral hygiene every 6 months and regular

visits during which implants were clinically and radiographically

evaluated.

After the 2 to 4 months of healing, the implants were

surgically uncovered, and healing screws were positioned,

saving as much keratinized tissue as possible.

One week later, functional load was applied (Figures 1d, 2c

and d), using the abutment- duplication technique described

by Cocchetto et al.22 This consisted of duplicating the implant

portion of a working cast prepared using double-pour or plastic

base die systems for single or multiple crowns.

First, an impression of the implant(s) was taken with a
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FIGURE 1. (a) Element #15 has to be extracted for periodontal problems. (b) Preoperative implant site #15. (c) Radiograph after implant
surgery. (d) Radiograph after abutment connection. (e) Radiograph at delivery of definitive prosthesis. (f) Radiograph at 3-year follow-up.
(g) Radiograph at 4-year follow-up.
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pickup technique, to enable fabrication of a master model that

precisely captured the implant position(s).

Duplication was achieved using a high-precision addition

silicon material and a low-shrinkage polyurethane resin. The

duplicated implant abutment was used to finalize the fixed

partial denture restorations after the originals were delivered to

the patients, thus reducing time of clinical sessions and

avoiding the stress caused by repeated dis- and reconnection

of the healing caps. Use of a provisional resin prosthesis helped

to condition the tissue adequately and achieve an optimal

FIGURE 2. CONTINUED. (a) Preoperative radiograph. (b) Postoperative periapical radiograph. (c) Radiographic examination after abutments
connection. (d) Radiographic examination after provisional prosthesis. (e) Periapical radiograph taken at delivery of the definitive fixed
dental prosthesis. (f) Radiograph after 3 years of functional load.
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definitive prosthesis,23 realized in gold-ceramic, zirconium-

ceramic, or chrome-cobalt-ceramic. One to 6 months after

delivery of the provisional prosthesis, a cement-retained

definitive prosthesis was delivered (Figures 1e, 2e).

All implants were rehabilitated with fixed single crowns or

partial bridges. The strict follow-up protocol required each

patient to receive professional hygiene care, as well as clinical

and radiographic examination 6 months after prosthetic

loading and annually thereafter (Figures 1f and g, 2f).

Instrumentation/measurement

A database that included all the patients treated in the study

was created, and the results were updated in April 2017.

From the radiographs taken at the time of implant insertion

(crestal bone level insertion or CBL-ins), implant loading (CBL-

bl), and the final follow-up visit (CBL-ctr), CBLs were calculated

as the mean value between the mesial and distal CBLs. These

were considered to be the distance between the implant

shoulder and the first bone-implant contact on the radiograph,

using imaging analysis software (ImageJ, National Institutes of

Health, NIH, Bethesda, Maryland). Peri-implant bone loss (PBL)

was calculated as the difference between the CBL at implant

loading (CBL-bl) and the level after the maximum follow-up

(CBL-ctr).

Peri-implant soft tissues also were clinically evaluated to

detect the presence of mucositis or peri-implantitis. Modified

gingival inflammation (mGI), probing pocket depth (PPD),

bleeding on probing (BOP), and suppuration (pus) were

registered. Any biological or prosthetic complications were

recorded in the database.

For all implants, the crown/implant ratio (C/I ratio) was

calculated from the radiographs.

This parameter allows us to evaluate the possible

relationship between types of prosthetic restoration, PBL, and

implant success, as shown in several studies.15,24–27 Both

anatomical and clinical C/I ratios were measured. The former

was calculated as the ratio between the prosthetic manufacture

length (from the implant shoulder to the top of the crown) and

the implant length (6 mm). To obtain the clinical C/I ratio, the

first bone-implant contact was considered the separation point

between the crown and implant lengths.

Also recorded were the sex and age of all patients at the

time of implant insertion, smoking habits (number of ciga-

rettes/day), systemic diseases (diabetes in particular), number

of implants inserted and placement site(s), type of antagonist

elements (implant prosthesis or natural teeth), implant macro-

morphology (K or TTx), implant diameter (3.8, 4.5, or 5.2 mm),

insertion modality, date of insertion and functional loading,

time of follow-up, date of any implant failures, prosthesis type

(single crown, fixed partial, or full prosthesis), CBL at insertion

time (CBL-ins), CBL at baseline (CBL-bl), CBL at the last follow-up

control (CBL-ctr), anatomical C/I ratio, clinical C/I ratio at

baseline and at the last control, and any prosthetic problems.

Implants that satisfied all criteria enumerated by Buser et al

and later modified by Albrektsson and Zarb, were considered

successful.28,29 The criteria were absence of pain, disesthesia, or

paresthesia at the implant site; absence of peri-implant

infection, with or without suppuration; absence of implant

mobility; and absence of more than 1.5 mm of bone loss in the

first loading year and 1.2 mm/y after that. The implant survival

rate was considered as the percentage of implants still in

function at the final follow-up visit, even if not all success

criteria were satisfied. It must be noted that when considering

short and ultra-short implants, the concepts of survival and

success can be correlated; peri-implant bone loss may result in

a significant decrease in the osseointegrated portion of the

implant, unlike what happens in longer implants.30,31

Statistical analysis

One blinded statistician was informed about the study design

to decide the most adequate statistical analysis. Once data

were collected, the same statistician independently performed

the following tests. Since more than 1 implant was inserted in

some patients, the data collected cannot be considered

independent. The authors decided to use nonparametric tests

and a generalized estimating equation (GEE) for bivariate and

multiple analysis. Statistical tests performed were as follows:

� Wilcoxon-Mann-Whitney nonparametric test to evaluate

possible relationships between PBL and other parameters

such as sex, upper/lower jaw, diabetes, smoking habits,

prosthesis type, antagonistic element, osteotomic tech-

nique, and macromorphology
� Wilcoxon nonparametric test to compare peri-implant bone

level at baseline (CBL-bl) to CBL at the last visit (CBL-ctr)

(paired samples)
� Spearman nonparametric test to analyze the correlation

between PBL and different quantitative parameters (ana-

tomical C/I, baseline C/I, age, months of follow-up)
� Kruskal-Wallis test to evaluate the influence of implant

diameter and site on PBL
� Bivariate regression analysis with generalized estimating

equations to investigate the relationship between anatom-

TABLE 1

Anatomic distribution according to implant types*

Jaws Site N8 K Freq. (%) Cum. Freq. (%) N8 TTx Freq. (%) Cum. Freq. (%) Tot. Imp. Freq. (%) Cum. Freq. (%)

Maxilla Up 4 10.3 89.7 2 7.4 92.6 6 9.1 90.9

Um 21 53.8 53.8 11 40.7 40.7 32 48.5 48.5

Mandible Lp 4 10.3 100 2 3.7 96.3 5 7.6 98.5

Lm 10 25.6 79.4 12 44.5 85.2 22 33.3 81.8

total 39 100 100 27 100 100 66 100 100

*Um indicates upper molar; Lm, lower molar; Up, upper premolar; Lp, lower premolar; K, cylindrical design; TTx, tapered design.
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ical C/I ratio and PBL or clinical C/I ratio at the time of

loading (C/I-bl) and PBL

� Multiple regression analysis with generalized estimating

equations to evaluate the correlation between different

variables (site, diameter, C/I-bl, anatomical C/I, design) and

PBL

The results were analyzed with the following P values: P value

,.10: 90% significance; P value ,.05: 95% significance; P value

FIGURES 3–7. FIGURE 3. Implant diameter distribution. FIGURE 4. Box and whiskers plot of crown-to-implant (C/I) ratio (1¼ anatomical, 2¼
clinical at baseline, 3¼ clinical at latest follow-up). FIGURE 5. Box and whiskers plot of crestal bone levels (CBL) at baseline (1) and at latest
follow-up visit (2). FIGURE 6. Bivariate regression analysis with generalized estimating equations to explore the possibility of a relationship
between anatomical C/I ratio and peri-implant bone loss (PBL). FIGURE 7. Bivariate regression analysis with generalized estimating
equations to explore the possibility of a relationship between clinical C/I ratio at loading time (C/I-bl) and PBL.
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,.01: 99% significance. Significance level was fixed at P¼ .05 for

the results of this study.

The statistical tests were performed with Stata 12 software

(StataCorp LP, College Station, Tex).15

RESULTS

A total of 47 patients (31 female and 16 male) were included in

the study. The mean age at insertion time was 60 6 9 years

(median 63; range 39–81 years). Five patients were affected by

diabetes and ten10 were smokers, 5 of whom smoked more

than 10 cigarettes/day.

The 47 patients were treated with a total of 66 implants: 31

subjects received only 1 implant, 13 patients received 2, and 3

patients each received 3 implants. Of the 66 implants, 27 were

TTx implants, while 39 were K implants. Thirty-nine implants

(59.1%; 14 TTx and 25 K) were placed in the upper jaw, while 27

(40.9%; 13 TTx and 14 K) were placed in the mandible. Table 1

shows the anatomical location of the implants.

Implant diameters ranged from 3.8 mm to 5.2 mm: 7 were

3.8 mm in diameter, 36 were 4.5 mm, and 23 were 5.2 mm

(Figure 3). Two implants failed to osseointegrate and were

removed before prosthesis delivery, resulting in an osseointe-

gration rate of 96.97%. A total of 64 implants were thus loaded

and followed up, according to the pre-established protocol.

During the follow-up period, 2 implants were removed

(Table 2), one 6 months after the prosthesis delivery and one

during the second year of the follow-up period. Both of these

implants showed clinical signs of peri-implantitis. The survival

rate for the period between functional loading and the final

follow-up appointment was 96.9%.

All 62 implants surviving to the final follow-up visit met the

success criteria, resulting in a success rate of 96.9% (equal to

the survival rate). The survival and success rates were

respectively 97.3% and 97.3% for maxilla, and 96.3% and

96.3% for mandible.

Mean follow-up for the 62 implants was 48.5 6 19.1

months (median: 48; range 12–72 months). The distribution of

implants according to follow-up time is shown in Table 3.

The mean CBL at different time points is shown in Table 4.

The PBL between the baseline (prosthesis delivery) and the last

follow-up appointment was 0.3 6 0.3 mm.

The mean anatomical C/I ratio was 2.2 6 0.5. The mean

clinical C/I ratio at baseline was 2.6 6 0.6, while at the last

follow-up, it was 2.8 6 0.6 (Figure 4).

Regarding the type of prosthesis, the 62 implants were

rehabilitated with 37 partial fixed bridges, 11 single crowns, and

1 complete overdenture. In the opposing jaw, the antagonist of

the implants most frequently was an implant-supported

prosthesis (54.8%); in 45.5% of the cases, it was a natural

tooth. No patient had a removable prosthesis.

During the follow-up period, only 2 cases of prosthetic

complication (3.1%) were observed (loosening of 2 abutment-

implant connection screws).

Statistically significant differences were found between

mean CBL measured at baseline and CBL at the latest visit of

follow-up (P value , .0001) (Figure 5).

As reported in Tables 5 and 6, PBL was not influenced by

any patient or implant parameters, such as sex, smoking habits,

diabetes, type of prosthetic rehabilitation, site, or implant

design. No statistically significant influence of other parameters

on PBL was observed.

The statistical analysis also did not reveal any significant

relationship between anatomical C/I ratio and PBL or between

clinical C/I ratio at baseline (C/I-bl) and PBL (Table 6, Figure 6,

Figure 7). Correlations between different variables (site,

diameter, C/I-bl, anatomical C/I, design) and CBL also were

not statistically significant (Table 6).

DISCUSSION

Different studies have asserted that short implants may

represent a possible solution for the rehabilitation of edentu-

lous patients.32–38 Some randomized controlled trials also have

demonstrated that short implants have the same efficacy as

longer devices when they are inserted in augmented bone.32,33

In recent literature, however, only a few studies39–43 have

included ultra-short implants, that is, those with �6 mm

length.8 Moreover, some of the latter studies have had a short

follow-up period.39,42 In contrast, the present study followed a

total of 66 ultra-short implants for a mean of 4 years, a more

meaningful period for evaluation of survival and success rates

TABLE 2

Characteristics of failed implants (design type, diameter, sites, type of prosthesis, clinical C/I ratio, failure time, other information)*

Implants Design Ø (mm) Site Prosthesis Clinical C/I BL Failure Time Other Information

1 K 4.5 2.5 — — Failure of integration Heavy smoker

2 TTx 5.2 1.6 — — Failure of integration Same patient of implant n84, heavy smoker

3 K 5.2 2.6 Partial bridge 2.08 16 mo after loading —

4 TTx 4.5 3.6 Overdenture 4.48 6 mo after loading Poor oral hygiene

*C/I indicates crown-to-implant; BL, bone loss; K, cylindrical design; TTx, tapered design.

TABLE 3

Distribution of implants according to yearly follow-up time
from 12 to 72 months*

Follow-up

(mo)

Implants

in Situ

Failed

Implants

Failure

(%)

CSR

%

12–23.9 63 1 1,6 96.8

24–35.9 46 0 0 96.8

36–47.9 41 0 0 96.8

48–59.9 36 0 0 96.8

� 60 17 0 0 96.8

*CSR indicates cumulative success rate.
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of this kind of implant-prosthetic rehabilitation. Some authors

have asserted that major bone loss is observed in the first 12

months after prosthetic loading,44,45 since during this period

the bone-implant interface is more sensitive to stresses.46

The success rate in the present study was 96.9%, the same

as the survival rate, as calculated from the time of prosthetic

delivery to the final follow-up appointment. These values are

comparable to those reported in published studies of ultra-

short implants, in which the survival rate ranges from 86.7%47

to 98.0%43 and the success rate from 93.8%6 to 97.5%,18 with

variable follow-up (1–10 years) (Table 7).

Some studies have reported a survival rate of less than

80.0%, but almost all included short or ultra-short implants with

a machined surface and low roughness.48–51 The great

importance of the micromorphology of these implants for

obtaining success and survival rates comparable to those of

longer ones is thus evident. The surface of the implants used in

the present study has a moderate roughness (Sa ¼ 1.4), which

leads to an acceptable risk of peri-implantitis.52

In the systematic review of Srinivasan et al of 12 studies

published from 1998 and 2011,53 6 mm-long implants with a

similar surface showed survival rates between 93.7% and 97.6%.

Rossi et al54 published a cohort prospective study in 2015 with

5 years’ follow-up in which 40 implants with a sand-blasted

surface and 6 mm length were inserted. A survival rate of 95.0%

was calculated from insertion to the end of follow-up, while the

survival rate was 100.0% from the time of prosthetic loading

through follow-up.

Regarding peri-implant bone loss, measured from pros-

thetic delivery to the last follow-up control visit, values for

implants similar to those used in the present study vary

considerably, ranging from 0.1 mm after 5 years of follow-up47

to 0.2 mm after 3 years of follow-up43 to up to 0.7 mm at 5

years after prosthetic loading.54 The results of the present study

(mean PBL between surgery and the final follow-up appoint-

ment 0.6 6 0.4 mm; PBL between the baseline or prosthesis

delivery and the final follow-up 0.3 6 0.3 mm) are consistent

with the values reported in the literature.

Two implants were lost during the reopening surgery,

before prosthetic loading, while 2 others were removed after 6

and 16 months of load respectively. The first two probably

failed to osseointegrate, while the failure of the last two was

probably due to a lack of osseointegration and peri-implantitis,

respectively. Early failure is common when short and ultra-short

implants are used, with many authors reporting similar

results.7,25,53

In some studies, a higher failure percentage is reported for

implants placed in the posterior upper jaw, because of the low

bone density and high chewing forces in this area.20,53,55,56

Renouard and Nisand suggested that surgical preparation,

which conforms to bone quality and rough implant surfaces,

and careful patient selection were necessary to obtain

comparable survival rates for short or longer implants.3 The

importance of site preparation for short implants that takes into

TABLE 4

Crown-to-implant (C/I) ratio, bone level, bone loss*

Anatomical C/I

Clinical C/I

(Baseline)

Clinical C/I

(Follow-up)

CBL

(Surgery)

CBL

(Baseline)

CBL

(Follow-up) PBL

Mean 6 SD 2.16 6 0.50 2.57 6 0.56 2.78 6 0.62 0.34 6 0.46 0.68 6 0.53 0.98 6 0.54 0.30 6 0.30

Median (range) 2.11 (1.24–3.11) 2.50 (1.62–4.18) 2.81 (1.85–4.49) 0.10 (0.00–1.91) 0.57 (0.00–2.33) 0.90 (0.00–2.65) 0.21 (0.00–1.69)

*CBL indicates crestal bone loss; PBL, peri-implant bone loss.

TABLE 5

Statistical analysis of the relation between peri-implant
bone loss and other parameters

Variable P Value

Sex .5275

Smoking habits .4925

Diabetes .5285

Opposite elements .3115

Splint/single crown .0847

Alternative osteotomic technique .6034

Implant design .7466

Site (upper/lower jaw) .4666

Diameter .1542

Site .3659

Diameter .1542

Site .3659

TABLE 6

Statistical analysis of the relationship between peri-implant
bone loss (PBL) and other parameters (implant diameter,
patient age, months of follow-up, and anatomical and

clinical crown-to-implant [C/I] ratio). Moreover, correlation
between anatomical C/I ratio and PBL and between clinical
C/I ratio at loading time (C/I-bl) and PBL; finally, correlation
between crestal bone levels and anatomical and clinical C/I

ratio, implant diameter, and sites*

Spearman’s Coefficient P Value

PBL : diameter 0.187 .146

PBL : age 0.098 .450

PBL : months of follow-up �0.025 .846

PBL : anatomical C/I �0.027 .837

PBL : clinical C/I (BL) �0.102 .429

PBL : anatomical C/I 0.029 .666

PBL : clinical C/I (BL) �0.061 .195

PBL : Anatomical C/I 0.197 .083

PBL : Clinical BL C/I �0.173 .144

PBL : Diameter �0.005 .953

PBL : Up 0.263 .238

PBL : Lp 0.125 .190

PBL : Um 0.074 .446

PBL : Lm 0.137 .182

*BL indicates bone loss; Up, upper premolar; Lp, lower premolar; Um

indicates upper molar; Lm, lower molar.

Journal of Oral Implantology 25

Malchiodi et al



139

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2019

consideration the bone density also was stressed by Annibali et

al in another systematic review.14

In the present study, an alternative osteotomic technique20

was adopted when the bone density was low, while sites were

tapped when bone showed greater density, to limit the

complications connected to inadequate primary stability. This

surgical approach permitted placement of both types of

implants, with different macro-morphologies, in the upper

and lower jaws. The two different designs yielded similar results

for crestal bone levels and peri-implant bone loss.

The authors did pay great attention to guaranteeing the

presence of at least 1–1.5 mm of bone thickness around each

implant, both at the vestibular and lingual/palatal aspects. This

was obtained by the choice of implant diameter, adaptation of

the site preparation, and decision regarding implant placement

depth.

An important consideration when using short and ultra

short implants in atrophic jaws is the unfavorable C/I ratio. An

increase of prosthetic complications, such as loosening of the

abutment-implant screw, has been associated with such

ratios.57

In the present study, however, only 2 cases of screw

loosening were recorded throughout the follow-up period.

Screw loosening typically is due to the progressive increase in

stress at the implant-abutment interface, which induces a

decrease of the preloading torque. This mechanism leads to the

creation of a gap between the implant and abutment interface

and detrimental rotational movement.58 In the present study,

the prosthetic protocol (strictly controlled torque when

tightening the abutment-implant screws and use of the

abutment-duplication technique17) optimized the implant-

abutment connection and resulted in a very low number of

complications.

Another consequence of an increase in the C/I ratio is the

risk of overloading and consequent loss of crestal bone. The

presence of a correlation between peri-implant bone loss and

C/I ratio is still a controversial question in literature. A study

published by Malchiodi et al15 investigated the possible

relationship between C/I ratio, implant success rate, and bone

loss. One hundred fifty-one patients received 280 implants with

a sintered porous surface. In 27% of cases, 5 mm-length

implants were inserted and monitored for 36 months. The

mean anatomical C/I ratio was 1.8 6 0.7 (range: 0.9–4.3), while

the mean clinical C/I ratio at baseline measured 2.1 6 0.8

(range: 1.0–4.8). The results showed a positive correlation

between C/I ratio and bone loss (P , .001).

Tawil et al59 analyzed 262 short implants, divided into

different groups according to C/I ratios (ranging from ,1 to

.2). Peri-implant bone loss was measured in the different

groups to identify any potential influence of this prosthetic

parameter on the implants’ survival rate. No significant

difference could be found among the various groups with

respect to peri-implant bone loss (P ¼ .150). The authors

concluded that increased C/I values do not seem to be a major

risk factor in cases of favorable loading.

A recent systematic review analyzed 13 scientific articles

and found an inverse correlation between C/I ratio and crestal

bone loss, with a possible protective effect of high C/I ratios on

bone levels.27 According to Blanes et al,24 there is not sufficient

data in the literature to prove a positive or negative effect of C/I

ratio on the rates of success and prosthetic complications. In a

cohort retrospective study, Birdi et al examined 309 ultra-short

implants with a mean follow-up of about 21 months. They

concluded that C/I ratio does not influence peri-implant bone

loss or implant success.26

Ghariani et al obtained similar results 1 year after prosthetic

loading.60 The results of the present study agree with these

publications, since a statistically significant correlation between

C/I ratio and crestal bone loss was not found. The lack of

statistical significance may be a result of the low number of

TABLE 7

Literature about short and ultra-short implants, regarding follow-up, peri-implant bone loss (PBL), survival rates (SSR), and success
rates (SR)

Studies Length (mm) Follow-up (y) PBL (mm) SSR (Load) SSR (Surgery) SR

Ten Bruggenkate et al6 6 6 - - 97% 93.8%

Friberg et al34 6–7 10 0.9 6 0.6 - 92.3% -

Renouard and Nisand35 6–8.5 2–3 0.44 6 0.52 - 94.6% -

Arlin39 6 2 - - - 94.3% (surgery)

Misch et al63 7–9 1–5 - 100% 98.9% 100% (load)

Malò et al36 7–8.5 1–9 1.8 6 0.8 (7 mm) - 96.2% (7 mm) 98.1% (7 mm)

Deporter et al41 5 1–8 - - 92.3% -

Fugazzotto37 6–9 6–7 - - - 98%

Lai et al38 �8 5–10 0.63 6 0.68 - 97% (6 mm) -

Rossi et al47 6 5 0.7 6 0.6 100% 95% -

Rossi et al54 6–10 5 0.14 90% 86.7% -

Malchiodi et al15,64 5–7 3 0.48 6 0.29 98.1% - 98.1%

Malchiodi et al21 6 2–3 0.44 6 0.72 100% 97% 97.1% (load)

94.1% (surgery)

Anitua et al16 �8.5 10 1 6 0.7 M 98.9% 98.9% 98.9%

0.9 6 0.6 D

Slotte et al40 4 5 0.53 6 0.08 92.2% - -

Calvo-Guirardo et al42 4–10 1 0.71 6 0.11 (4 mm) - 97.5% 97.5% (surgery)

Sahrmann et al43 6–10 3 0.0.62 (6 mm) 98% (6 mm) 98% (6 mm) -

Present study 6 1–6 0.30 6 0.30 93.9% 96.9% 96.9%
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implants analyzed in the present study. Nevertheless, for

realization of a long-term successful implant-supported reha-

bilitation, it is important to avoid overloading during function.

Crown length thus should be limited.61

As for the biomechanical behavior of osseointegrated

implants, different studies have demonstrated that the use of

splinted implants can be an advantage for the success of

implant rehabilitation, because the splinting better distributes

chewing forces.62,63

High success rates have been reported after 3 to 5 years of

follow-up for short implant rehabilitations with single crowns

by many publications in recent years.38,43,54

In one systematic review, the authors reported a high

cumulative success rate for short implants supporting both

single crowns and partial fixed bridges.14 Similarly, in the

present study, no statistical differences were observed in

peri-implant bone loss between ultra-short implants sup-

porting single crowns and those supporting partial fixed

bridges.

Although the results reached in the present study are

encouraging, additional studies that include more implants

should be undertaken to draw more reliable conclusions.

Moreover, longer follow-up (more than 5 years) is preferable to

analyze the biomechanical and biological behavior of ultra-short

implants over the long term. More comparative studies that

investigate the efficacy of shorts and ultra-shorts implants with

different C/I ratios are needed.15,21,64,65; only 1 study is published

about the role of C/I ratio with different implant length.66

CONCLUSIONS

This study confirmed that ultra-short implants with a micro-

roughened surface can be a viable solution for rehabilitating

single or partial edentulism in posterior atrophic areas. Stable

crestal bone levels and a high implant success rate confirm the

predictability of this kind of implant-prosthetic rehabilitation. A

high C/I ratio did not appear to influence either peri-implant

bone loss or prosthetic complication rates.

ABBREVIATIONS

BOP: bleeding on probing

C/I: crown-to-implant

CBCT: cone-beam computed tomographyic

CBL: crestal bone levels

CBL-bl: crestal bone levels at implant loading

CBL-ctr: crestal bone levels at the final follow-up visit

CBL-ins: crestal bone levels at the time of implant insertion

GEE: generalized estimating equation

mGI: modified gingival inflammation

PBL: peri-implant bone loss

PPD: probing pocket depth
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CASE REPORT Open Access

Augmented reality for dental implantology:
a pilot clinical report of two cases
Gerardo Pellegrino1*, Carlo Mangano2, Roberto Mangano3, Agnese Ferri1, Valerio Taraschi4 and Claudio Marchetti5

Abstract

Background: Despite the limited number of articles dedicated to its use, augmented reality (AR) is an emerging
technology that has shown to have increasing applications in multiple different medical sectors. These include, but
are not limited to, the Maxillo-facial and Dentistry disciplines of medicine. In these medical specialties, the focus of
AR technology is to achieve a more visible surgical field during an operation. Currently, this goal is brought about
by an accurate display of either static or dynamic diagnostic images via the use of a visor or specific glasses.
The objective of this study is to evaluate the feasibility of using a virtual display for dynamic navigation via AR.
The secondary outcome is to evaluate if the use of this technology could affect the accuracy of dynamic navigation.

Case presentation: Two patients, both needing implant rehabilitation in the upper premolar area, were treated with
flapless surgery. Prior to the procedure itself, the position of the implant was virtually planned and placed for each of
the patients using their previous scans. This placement preparation contributed to a dynamic navigation system that
was displayed on AR glasses. This, in turn, allowed for the use of a computer-aided/image-guided procedure to occur.
Dedicated software for surface superimposition was then used to match the planned position of the implant and the
real one obtained from the postoperative scan. Accuracies, using this procedure were evaluated by way of measuring
the deviation between real and planned positions of the implants. For both surgeries it was possible to proceed using
the AR technology as planned. The deviations for the first implant were 0.53mm at the entry point and 0.50mm at the
apical point and for the second implant were 0.46mm at the entry point and 0.48mm at the apical point. The angular
deviations were respectively 3.05° and 2.19°.

Conclusions: From the results of this pilot study, it seems that AR can be useful in dental implantology for displaying
dynamic navigation systems. While this technology did not seem to noticeably affect the accuracy of the procedure,
specific software applications should further optimize the results.

Keywords: Computer-assisted surgery, Image-guided surgery, Implantology, Navigation system, Real-time tracking,
Implant placement accuracy

Background
Computer-assisted procedures are becoming more and
more integrated into different fields of dentistry [1]. This
is particularly evident in the increasing use of processes
such as 3D printing and CAD-CAM methods in the
manufacturing of dental implantology. This has not only
allowed for a more accurate and diverse manufacturing
capability but also dramatically expands on the produc-
tion surgical templates often made in-house.

Currently, the examination of static guided surgery as
a means of creating surgical templates to accurately pos-
ition implants is ample. The conclusion drawn from this
research is that should the implant be inserted with a
margin of error of approximately 1 mm, the implant re-
habilitation process will be mostly successful [2]. How-
ever, the working time for planning and producing the
surgical template do not encourage or justify an ordinary
use of this method [3]. Another method for computer-
assisted surgery in dental implantology is image-guided
surgery through dynamic navigation. Such surgical tech-
niques are already largely used in major Neurosurgery,
Maxillo-facial surgery, ORL, and Orthopedic surgeries
and is quickly becoming popular in Implantology. Some
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papers published in past years report on the comparable
accuracy between dynamic and static surgical navigation
[4–6]. It was shown that dynamic navigation could over-
come some of the disadvantages associated with static
guided surgery. These included reducing costs and time
needed for the impression and laboratory procedures of
a static guided system. Another advantage of a dynamic
guided system could be the ability to have a direct view
of the surgical field as well as the possibility to use
standard drills which is optimal in a case of mouth
opening reduction [7]. In addition to this, dynamic
navigation allows for changes in implant planning to be
made at the time of surgery. This level of flexibility is
not offered by statically derived surgical guides as they
are fixed and cannot be altered once they are planned
and manufactured. Also, tight single-tooth edentulous
ridge areas can be fully guided using dynamic guidance
as a dynamic guide is not restricted by drill tube size
(i.e. in the anterior mandibular incisor sites). Further-
more, implant size is not limited with dynamically
guided systems, as they are with static guides and
CBCT, planning and surgery can be achieved in a single
day [1, 8, 9].
However, a possibly problematic disadvantage of a

dynamic guided system is the need to simultaneously
pay attention to the patient as well as the output
from the navigation system display. This unfavourable
feature is exacerbated in systems where the tracking
device is positioned on the same mobile carriage as
the navigation system display. This could cause diffi-
culties in following the virtual procedure while also keep-
ing sight of the surgical site itself [10]. Systems that use a
mobile screen fixed near the patient’s head on the dental
chair may address this issue as they limit the movement of
the surgeon’s head and, therefore, their loss of sight of the
surgical site [11].
The use of AR through specific glasses and an inte-

grated screen is a fairly new trend in the field of medi-
cine. This technology can allow the surgeon to
visualize, in real-time, patient parameters, relevant x-
rays, 3D reconstruction or a navigation system screen
[12, 13]. This last item could significantly increase the
use of dynamic navigation a process that has already
been readily adopted in other major surgical disciplines.
The use of these devices is currently under validation
and only few publications are present in literature to
date and even fewer papers investigate this technology
in dentistry [10, 14]. The aim of our pilot study is to
evaluate the feasibility of adopting AR as a means of
facilitating the use of dynamic navigation for dental
implantology. The secondary objective was to evaluate
if the accuracy obtained with this innovative display de-
vice was maintained in the range already described in
literature regarding dynamic navigation.

Case presentation
Two patients were referred to the Oral and Maxillo-facial
Unit of the Department of Biomedical and Neuromotor
Sciences for implant supported prosthetic rehabilitation.
Both patients were to be treated in the upper premolar
area and were in good general health conditions and had
no contra-indications to the implant surgery. The clinical
procedures were carried out in accordance with national
guidelines as well as with the Declaration of Helsinki.

Navigation system setting
After the filling of the appropriate consent documenta-
tion, both patients undertook a CBCT scan with the
markers plate from the navigation system. These markers
were positioned in situ as per protocol of using the naviga-
tion system ImplaNav (BresMedical, Sydney, Australia)
which requires that the markers plate is fixed with a hard
impression material (Ramitec, 3M Espe, USA). After the
scan, the markers plate was removed and replaced in the
same position on the day of the surgery. The CBCT data
was analyzed through the navigation system planning soft-
ware and the position of two implants were virtually
planned. At the time of the surgery the patient reference
tool for the navigation system was fixed on the same sup-
port of the markers plate. Another reference tool was
positioned and rigidly fixed on the implant drill handle.
Then the calibration tool was connected to the handle
and the drill axis was identified by the navigation system.
The first lance drill was successively used to touch the
fiducial markers on the markers plate to verify the patient
position. After the calibration procedures, the navigation
system was directly interfaced with the virtual reality
glasses (Hololens, Microsoft, USA) through a wifi connec-
tion using a dedicated software created by Fifthingenium
(Milan, Italy) (Fig. 1).

Fig. 1 Overview of the Hololens glasses and navigation system
reference tools during the surgery
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Augmented reality glasses setting
Microsoft Hololens is an augmented reality headset
which can be used to expand the limits of interaction
between the virtual and the physical world. Hololens
runs a custom Windows 10 version as its operating sys-
tem. It also features Bluetooth and Wi-Fi connectivity
and is powered by a Holographic Processing Unit HPU
1.0, 2GB RAM and 64GB of Solid State storage.It is also
equipped with an Inertial Measurement Unit, four environ-
ment understanding cameras, mixed reality capture, four
microphones, an ambient light sensor and two HD displays
capable of automatic pupillary distance calibration.
The plethora of applications of the Hololens in industry

is mainly attributed to its ability to create, manipulate and
display holograms or virtual objects in the field of the
user. Combined with the ability to recognize objects,
rooms and environments through the use of AI and
markers, the capabilities of the Hololens allows it to be
useful in many industries including the Healthcare and
Dental sector.
An application to use Hololens in the dental field was

developed in order to visualize 2D/3D data (CBCTs, face
scans, oral scans) while at the dental chair without forcing
the practitioner to look at a specific monitor/computer.
By controlling the device via only voice commands or sim-
ple gestures, the surgeon is able to maintain visual of the
physical surgical site and avoiding contamination.
A system capable of mirroring the desktop of a com-

puter on the Hololens was developed and coupled with
the navigation system used for the surgery. Such system
allows the doctor to avoid looking at the computer
screen to receive guidance for the surgery. Instead, the
doctor can visualize the system data, info, targets and
positions by placing a virtual desktop near the patient’s
face without being forced to look away from the patient’s
mouth.

Clinical procedure
Using the Hololens glasses, the surgeon can contempor-
arily visualize the surgical field (Fig. 2) and the output of
the navigation system screen. The virtual position and
the trajectory of the drill into the bone, the implant
planned position and the bone anatomy around the im-
plant site were checked in real-time during the whole
surgical procedure (Fig. 3). The navigation system soft-
ware input can also be managed with Hololens through
hand movements. Two implants were placed, one for
each patient following the drill sequences provided by
the implant company protocol. In one case a 3.8 × 9mm
(TTi, WinSix, Ancona, Italy) was positioned. In the
other case a 4.1 × 11 mm (BL, Straumann, Switzerland).
In both cases, a flapless surgery was carried out (Fig. 4).
A postoperative radiograph was taken to evaluate the
correct positioning of the implants (Fig. 5a, b). The

healing abutments were fixed without any suture. In one
case the implant position had been planned to be close
to the maxillary sinus (Fig. 6) and postoperative CBCT
was taken to verify if the goal had been reached (Fig. 7).
After about 3 months, the contra-torque test was manu-
ally performed to verify the osseointegration status of
the implants. Then through a scan of the abutment and
the use of the intra-oral scanner, the implant position
was digitally recorded concurrently with the bordering
teeth. The virtual planned position of the implant and
the adjacent teeth were exported from the planning
module in the ImplaNav software. The two surfaces
comprehending the teeth and the implants were com-
pared via an N-point surface alignment of the teeth
using Materialise 3-Matic (Materialise, Leuven, Belgium)
(Fig. 8). The deviation between the planned implant pos-
ition and the real one obtained by the scan were evalu-
ated (Fig. 9). Both patients were rehabilitated with
screw-retained crowns (Fig. 10).

Fig. 2 The external view of the surgeon during the surgical procedure

Fig. 3 The view of the surgeon during the surgery wearing
Hololens glasses
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Results
In both cases it was possible to proceed with the
navigation-aided implant placement with the Aug-
mented Reality (AR) displaying in real-time a combin-
ation of surgical planning, real anatomy and the output
from the navigation system (Fig. 3). The deviation be-
tween the planned and the real position of the implants
resulted 0.53 mm at the entry point and 0.50 mm at the
apical point for the first implant and 0.46 mm at the
entry point and 0.48mm at the apical point for the sec-
ond one. The angular deviations were respectively 3.05°
and 2.19° and the depth deviations were 0.26 mm and
0.37 mm.

Discussion
Dynamic navigation is one of the two computer-guided
surgery techniques used in implantology. Many authors
reported relatively good results in terms of implant
placement accuracy using different navigation systems
[1, 15–17]. Block et al. [16] reported on the implant
placement accuracy obtained by 3 surgeons using dynamic
navigation to treat 100 partially edentulous patients. They
reported a mean error of 0.87 ± 0.42mm at the entry point,
1.56 ± 0.69mm at the apex and 3.62° ±2.73° for angle devia-
tions using dynamic navigation. Non-dynamically guided
entry point deviations, apex deviations and angle discrepan-
cies had corresponding mean values of 1.15 ± 0.59mm,
2.51 ± 0.86mm and 7.69° ± 4.92°. Stefanelli et al. [17], in a
retrospective study on 231 implants reported an error of
0.71 ± 0.40mm at coronal point, 1 ± 0.49mm at apex and
a mean angular error of 2.26 ± 1.62°. Although there
are reported advantages using dynamic navigation, this
method requires the surgeon to coordinate his view of
the screen with the movements of his hands. The look
out of the implant site with the rotation of the head for
looking at the navigation system screen could represent
a risk in case of accidental surgical instrument shifting
or unexpected patient movement, especially in ad-
vanced implantology. The use of the augmented reality

Fig. 4 The real and the virtual implant position on the navigation system screen

Fig. 5 a, b: Postoperative radiographs
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can overcome this drawback and also reduce operating
time [10].
The categories of AR-guided surgery are grouped as

follows: type I, involving the use of glasses or head-sets
[12, 13]; type II, with digital data being projected on a
half-silvered mirror [18]; type III, where the images are
shown directly onto the patients; type IV, with the use of
an external monitor [11]. In this study glasses have been
used, allowing the contemporary projection of the pa-
tient’s anatomy and the virtual instruments near the sur-
gical field. However, when a 3D virtual layer is displayed
and laid over the real environment, there is often a dis-
crepancy between the real image and the virtual image
due to an overlay or positional error.
Augmented reality is employed in neurosurgery, laparo-

scopic digestive, laparoscopic thoracic, vascular, urological
and gynecological laparoscopic and cardiac surgery. As per
its application in maxillofacial surgery, most of the publica-
tions refer to its use in orthognathic surgery [13, 19, 20],

Fig. 7 Postoperative implant position on CBCT

Fig. 8 The two surfaces comprehending the teeth and the implants
were compared via an N-point surface alignment of the teeth

Fig. 9 Superimposed view showing the correspondence between
the planned and the real implant position

Fig. 6 Implant position planned to be close to the maxillary sinus
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traumatic surgery and reconstructive surgery [21–23]. In
dentistry, AR is applied in orthodontics for guided bracket
placement [24]. In endodontics it is applied to detect root
canals and for educational and training purposes [25–27].
In implantology, few studies regarding the use of dynamic

navigation, especially in vitro, have been published. Ewers
et al. [14] reported a significant medical benefit for the
patients when navigation and AR are used for implant
placement. In an in-vitro study, Jiang et al. [10] demon-
strated a smaller error in incisive and canine regions
implant placement using AR associated with dynamic navi-
gation as opposed to the use of 2D navigation methods.
The surgery time was significantly shorter by using a com-
bination of the two technologies. In the present study, a dy-
namic navigation system associated with the augmented
reality was deployed. This technique allowed the surgeon to
simultaneously having a view of the surgical field as well as
the navigation system monitor displaying implant planning
and virtual burs. By wearing glasses where the virtual image
is projected near the surgical field, the surgeon could see
the implant site without interference and without the risk
of overlay errors.
The main limit of this technology, currently, is ema-

nated by the sometimes inconvenient virtual window po-
sitioning and orientation together with the working
distance of the glasses which could force the surgeon to
operate in an uncomfortable position. Nevertheless, the
cases reported were simple and these limitations did not
affect the results. Despite this, a comfortable work pos-
ition might become mandatory in advanced clinical cases

[28, 29] in which this technology would prove to be
beneficial. Other disadvantages could be considered the
cost of the device, the time spent to set-up and the need
to manage additional software for the AR. Possible set-
backs could also occur from the device wireless con-
nection and the battery charge although there were not
reported in the present study. These problems could be
solved by developing a dedicated software application for
implantology and by upgrading the associated hardware.
As per the application in maxillofacial surgery of an

AR technique displaying 3D images without the use of
glasses, Suenaga et al. [30] reported a positional error of
0.77 ± 0,19 mm (range 0,45-1,34) and an angular error of
2°. Zhu et al. [12], however, reported a discrepancy of
0.96 ± 0,51 mm (range 0,55–2mm). Most of the max-
imum overlay errors reported in literature are lower
than 3mm [11] with an exception for the research per-
formed by Lin et al. [31], who reported a maximum
error of 6.56 mm. The increase of accuracy, in addition
to the lack of depth perception, is a problem the authors
of these studies are working to address [32].
An in-vitro study by Lin et al. [31] showed good re-

sults in terms of implant placement accuracy using the
drill-guides technique combined to AR. Katić et al. [33],
by using an AR system in a pig cadaver experiment, re-
ported a deviation of 1.1 mm and 2° between the planned
implant and the positioned one. In the present case report,
a less than 1mm accuracy was achieved, comparable with
the one reported in literature by only using the navigation
system [1, 34]. This seems to indicate that AR does not
affect the accuracy of the navigation procedure.
A touch-less interface for the navigation system software

could also promote the use of this technology in the surgi-
cal theatre. By simplifying the procedures and reducing
operative time, AR can proved to be an exceptional re-
source in dental implantology. This kind of technology
could increase the use of dynamic navigation as it solves
the problem of monitoring the screen and the patient sim-
ultaneously. The further development of AR could allow
matching of the virtual with the real anatomy of the pa-
tient, a concept that is already under investigation for
major surgery. At the moment, this is made difficult due
to the need to follow the patient movement during the
intervention usually carried out under local anesthesia.

Conclusions
AR resulted to be quite useful in displaying dynamic navi-
gation despite some software and hardware limits. The
presence of the two environments in the AR does not
seems to affect the accuracy of the surgical procedure.
Specific software applications for navigation systems can
further contribute to optimizing the results. Additional in
vitro and clinical trials are required to validate the use of
this new promising technology for dental implantology.

Fig. 10 The prosthetic rehabilitation of one implant with a
screw-retained crown
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Results

No implants were lost during the follow-up period. The 
marginal bone loss was comparable to literature results 
related to implant-retained prosthetic rehabilitations in 
healthy patients. No intra- and postoperative complica-
tions were reported.

Conclusion

Maintaining a good glycemic control, able to favor the 
compensation of diabetes, the insertion of implants can 
be considered a safe procedure. The constant monitor-
ing of the patient and his adherence to a strict hygiene 
protocol are fundamental to promote implant survival 
and early identification of complications. 

Introduction
The increase in the average age of the population leads 
to an increase in the incidence of various systemic dis-
eases such as diabetes. At the same time fixed rehabili-
tation of partial or total edentulous patients with systemic 
diseases, associated with the increase in the average 
age, could be increasingly required (1, 2). 
Diabetes mellitus is a complex metabolic disease, de-
fined by the ADA (American Diabetes Association) as a 
group of metabolic diseases characterized by elevated 
blood glucose levels (hyperglycemia) that result from the 
body’s inability to produce or use insulin (3). There are 
four types of diabetes: type I diabetes, an autoimmune 
disease characterized by an absolute deficiency of in-
sulin, caused by destruction of pancreatic ß-cells, that 
affects approximately 5-10% of the population and tends 
to occur at a young age; type II diabetes, caused by the 
association between a peripheral resistance to the ac-
tion of insulin and an inadequate secretory response 
of pancreatic ß-cells (“relative insulin deficiency”), rep-
resents the majority of cases of late-onset diabetes; 
drug- or chemical-induced diabetes; and gestational di-
abetes (4). Diabetes has a direct effect on the oral cav-
ity, manifesting itself through microangiopathy, altered 
immune response and changes in salivary composition 
(5). In cases of implant rehabilitations, diabetes, could 
interfere with the normal processes of osseointegration, 
as the state of hyperglycemia has a negative effect on 
osteoblastic regulation and BIC (Bone Implant Contact) 
values (6, 7).
The diabetic patient’s treatment may exhibit two differ-
ent types of complications: the intra operative and the 
post-operative ones. The former group includes hy-
poglycemic crisis, while the latter includes mucositis, 
peri-implantitis, lack of implant osseointegration and 
poor wound healing (8). Hypoglycemic crisis is defined 
as an acute consequence of diabetic disease and usu-
ally occurs when the patient had not taken their medi-
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Abstract

AIM: The increase in the average age of the popula-
tion leads to an increasing incidence of many differ-
ent systemic diseases, often associated with partial 
or total edentulism. In particular, diabetes plays a 
significant role in patients’ implant-prosthetic reha-
bilitation, as it has a direct effect on the oral cavity. 
The aim of this case report is to illustrate the rate of 
implant survival, marginal bone loss and any intra- 
and post-operative complications in patients with 
type II diabetes, undergoing fixed prosthetic reha-
bilitation according to the All-on-Four method, in a 
two-years of follow-up. 

Keywords: All-on-Four, systemic diseases, immedi-
ate loading, diabetes, hyperglycemia.

Materials and methods

The patient, suffering from type II diabetes, presented 
edentulous regions and compromised residual teeth 
in both arches. Considering the need for a fixed reha-
bilitation and, on the other hand, a severe bone loss 
in the posterior maxillary and mandibular sectors, we 
opted for a rehabilitation based on a reduced number 
of implants, according to the “All-on-Four” method. Fol-
low-up examinations, aiming at assessing implant sur-
vival and marginal bone loss, were performed one week 
after surgery, after six months and then once a year for 
the following 24 months. Any intra- and postoperative 
complications were noted to evaluate and monitor the 
patient. Professional hygiene was performed every four 
months after surgery.

All-on-four rehabilitation in patient with type II 
diabetes mellitus: case report and literature review

Original article
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cations regularly and had not adequately eaten before 
the appointment (9). Mucositis and peri-implantitis are 
defined as inflammatory lesions of the tissues surround-
ing an implant. Peri-implant mucositis is defined as an 
inflammatory lesion limited to the surrounding mucosa of 
an implant, whereas peri-implantitis is defined as an in-
flammatory lesion of the mucosa affecting the supporting 
bone resulting in a loss of osseointegration, thus causing 
a likely decrease in implant success (10). The failure to 
osseointegrate the implant is another occurring post-op-
erative complication. Osseointegration implies a firm, di-
rect, and lasting connection between the vital bone and 
the titanium implants (11). In conclusion, we recall the 
incomplete soft tissue healing, caused by high blood glu-
cose levels and non-enzymatic protein glycation, leading 
to AGE formation (12) which alters the permeability of 
the endothelium, releases inflammatory cytokines and 
growth factors, and increases the expression of adhe-
sion molecules and chemokines, thus leading to delayed 
wound healing (13,14). 
The aim of this case report was to illustrate implant sur-
vival rate, marginal bone loss and possible intra- and 
post-operative complications in patients with type II dia-
betes undergoing fixed prosthetic rehabilitation, accord-
ing to the All-on-Four method, at two years follow-up.

Case report 
A 60-year-old woman came to the Department of Den-
tistry of the IRCCS San Raffaele Hospital with the wish 
to have an implant-prosthetic rehabilitation of the lower 
arch. The patient was submitted to an anamnestic ques-
tionnaire which showed that she suffered from type II 
diabetic pathology. To assess the state of the disease, it 
was decided to perform laboratory tests in which the val-
ues of Hba1c 7% (glycosylated haemoglobin) and gly-
caemic levels <180 mg/dl were analysed. The tests’ re-
sults were normal and her diabetes resulted to be under 
control, making the patient an excellent candidate for im-
plant therapy. The frontal view of the patient’s smile can 
be observed in Figure 1. Intraoral examination revealed 
the presence of an incongruous prosthesis anchored to 
dental elements that functioned as prosthetic abutments 
(Fig. 2). Among the various treatment options, given the 
presence of edentulous areas, the placement of implants 
according to the “All-on-Four” method was considered 
the most valid. After the signing of the informed con-
sent and the implant-prosthetic treatment, the patient 
was made aware of the possible intra- and post-oper-

ative complications, determined by her general state of 
health. A professional oral hygiene session was carried 
out during the preoperative phase; subsequently, con-
ventional impressions were taken for the study models; 
these were also used for the prosthetic component of 
the treatment. This was followed by radiographic inves-
tigations including an OPT (orthopantomography, a first 
level examination) which allowed an overall assessment 
of the jaws (Fig. 3). But, only after performing a CBCT 
(Cone Beam Computed Tomography, second level ex-
amination), it was possible to evaluate the bone volume 
of the maxilla. After carefully classifying the patient’s 
bone density, defined as D3, and attentively performing 
all preoperative procedures, surgery could be sched-
uled. One hour before surgery, 2g of Amoxicillin and 
Clavulanic Acid (Augmentin, GlaxoSmithKline, Brussels, 
Belgium) were administered as a preventive measure. 
The surgical phase was performed under local anaes-
thesia (Optocaine 20 mg/ml with adrenaline 1:80,000; 
Molteni Dental, Florence, Italy). Some dental elements 
considered hopeless were avulsed (Fig. 4).

Figure 1. Extraoral photo.

Figure 2. Intraoral photo: presence in the mandible of an 
incogruous prosthesis anchored to dental elements.

Figure 3. Orthopantomography that shows the condition of 
the jaw bones and residual elements.

Figure 4. Post-extractive socket. 
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The mandibular edentulous ridge was incised with a 
crestal incision and bilateral release incisions from the 
first molar region to the contralateral side and a sub-
periosteal dissection was performed on the lingual and 
buccal surfaces (Fig. 5). A full-thickness buccal flap was 
then lifted to expose the buccal bone wall and to get an 
optimal view of the mental foramen (Fig. 6).  
Once the incisions had been made and the flaps lifted, 
implant placement was possible. In the mandible, the 
two posterior implants (dimensions length and diame-
ter) (TTx, Winsix, Biosafin, Ancona, Italy) were placed 
bilaterally immediately anteriorly to the mental foramen 
(Fig. 7). It is important to underline that, following the 
All-on-Four protocol, the posterior implants are inserted 
following an inclined trajectory of about 25-30 degrees 
with respect to the occlusal plane. In fact, they emerge 
at the level of the second premolar, in order to decrease 
the length of the cantilever and maintain a large distance 
between the implants. The central implants, on the other 
hand, are inserted following a trajectory perpendicular to 
the occlusal plane (Fig. 8).
The insertion torque was between 30 and 40 Ncm before 
final implant placement, thus achieving high primary sta-
bility and immediate functionality. 
To compensate for the lack of parallelism between the 
posterior implants and the prosthetic screw, angled 
abutments (Extreme Abutment, EA Winsix, Biosafin) 
were placed at 30°. The anterior implants, on the other 
hand, were fixed at 17° to allow optimal access for the 
prosthetic screw ((Fig. 9). After these steps, which were 
essential for the prosthetic part, the previously lifted flap 
was repositioned and adjusted with 4-0 nonabsorbable 
suture (Vicryl; Ethicon, Johnson & Johnson, New B run-
swick, NJ, USA), ((Fig. 10). Immediately after surgery, 
an OPT was performed to verify the correct placement of 
the implants ((Fig. 11).

Figure 5. Crestal incision and bilateral release incisions. 

Figure 6. Full-thickness buccal flap.

Figure 7. Tilted implant.

Figure 8. Axial and tilted implants. 

Figure 9. Placement of abutments.

Figure 10. Flap repositioning and suture. 

Then the prosthetic phase started, which included the 
delivery of a provisional prosthesis and the taking of 
impressions for the fabrication of the definitive one: a 
few hours after surgery, a screw-reinforced, metal-rein-
forced, acrylic provisional prosthesis with ten teeth was 
delivered (no cantilevers were used in the provisional 
prostheses). 
The torque for the tightening the prosthetic screws was 
20 N. Eventually the screw access holes were covered 
with temporary resin (Fermit, Ivoclar Vivadent, Naturno, 
Bolzano, Italy) ((Fig. 12). 
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Follow-up

Follow-up visits, aimed at clinical and radiographic ex-
amination, were performed one week after implant 
placement. Subsequently, at three months, six months 
and then annually until a two-year follow-up was at-
tained. The patient was instructed, by a dental hygienist, 
in mechanical plaque control using an electric or manual 
toothbrush, interproximal brushes and Super Floss (Oral 
B, Procter & Gamble, Cincinnati, OH, USA). While, pro-
fessional oral hygiene procedures were performed every 
three months, after implant placement. 

Parameters evaluated

Implants survival rate. Implant survival rate is based 
on the number of implants that were not lost or removed, 
during the follow-up period (15).

Approximately four months after surgery, the definitive 
prosthesis will be delivered and, unlike the provisional 
prosthesis, the latter will have an occlusion reproducing 
the patient’s natural dentition, i.e. it will have a cantilever 
distal to the first molar. 
Post-surgical indications included the use of a post-sur-
gical dressing and rinsing with a solution containing 
chlorhexidine digluconate (0.12% or 0.2%), twice a day 
for 10 days. In addition, the use of 1 g Amoxicillin and 
Clavulanic Acid (Augmentin, GlaxoSmithKline) twice dai-
ly for 7 days after surgery and non-steroidal anti-inflam-
matory drugs (Ibuprofen 600 mg, Brufen, Abbott Labo-
ratories, Chicago, IL, USA) was recommended should it 
be deemed necessary. Lastly, the patient was advised to 
eat a liquid diet and to avoid any brushing trauma to the 
surgical site, as well as smoking. The patient underwent 
a follow-up visit after one week and the sutures were 
removed at the same time (Fig. 13).

Figure 12. Provisional prosthesis. Figure 13. Mucosa after suture removal. 

Figure 11. OPT to check implants placement. 
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Intra- and post-operative complications. The patient, 
thanks to adequate glycemic control (20), did not suffer 
from hypoglycemic crisis during the surgical procedure. 
No clinical signs of mucositis and peri-implantitis were 
observed during the two-year follow-up. This was made 
possible by the patient’s inclusion in a maintenance 
program of professional oral hygiene and control of the 
diabetic pathology (21). The literature suggests that mu-
cositis is caused by the accumulation of biofilm that inter-
rupts host-microbe homeostasis at the implant-mucosal 
interface, resulting in an inflammatory lesion. Mucositis 
is a reversible condition, so the clinical implication is that 
optimal biofilm removal is a prerequisite for the preven-
tion and management of mucositis (22). Based on these 
considerations, it was agreed that periodic clinical and 
radiographic controls should always be performed after 
implant placement to allow for the possible diagnosis of 
mucositis and peri-implantitis. Intra-oral radiographs, 
taken during the follow-up period, confirmed that os-
seointegration had taken place. They showed intimate 
contact between bone and implant, with an apparent ab-
sence of interposed fibrous tissue. The osseointegration 
of the patient’s implants was promoted by the correct 
implant placement, based on the primary stability, which 
was obtained by an insertion torque of 30 N (23).

Discussion 

According with the clinical considerations examined, it 
will be necessary to follow an adequate diagnostic path-
way, to obtain a predictable result of the implant-pros-
thetic therapy of the diabetic patient. During the first visit, 
in fact, the general medical and dental history plays a 
crucial role and allows the clinician to reach an adequate 
knowledge of the patient’s general and dental health sta-
tus (24). An anamnesis is followed by an extra- and in-
tra-oral examination; the latter paying particular attention 
not only to the dental elements present in the oral cavity 
but also to the soft tissues surrounding the tooth or locat-
ed on the edentulous ridges (25, 26).  
Before a diabetic patient undergoes oral surgery, it is 
necessary to establish the type of diabetes and the de-
gree of glycaemic control. Robertson C et al., in a review 
of the literature, describe the criteria to establishing the 
diagnosis of diabetes and to identifying individuals at high 
risk of developing the disease. They suggest that if pa-
tients with controlled diabetes maintain a Hba1c value of 
<7%, then it will be possible to proceed with surgery (27).
In the literature review, by Ramu C. et al., the indications 
for antibiotic prophylaxis in dental practice are stated. 
For patients with uncontrolled diabetes, antibiotic proph-
ylaxis is considered mandatory as they are more sus-
ceptible to oral infections. On the other hand, antibiotic 
prophylaxis is recommended for patients with controlled 
diabetes, both in the case of minor and major surgery 
(28). For these reasons, in agreement with the authors, 
the patient was given 2g of Amoxicillin and Clavulanic 
acid one hour before surgery, as a preventive measure.
The most serious complication, that a diabetic patient 
can experience during oral surgery, is a hypoglycemic 
crisis. To prevent this fact, it is important to make sure 
that the patient has taken their usual medication and 
eaten regularly before the appointment (29). If the pa-
tient has lost consciousness due to hypoglycemic crisis, 

Marginal bone loss. Intra oral radiographs, using the 
parallel cone technique, were taken after implant place-
ment, at three, six, twelve months and once a year for 
the following two years of follow-up. To evaluate mar-
ginal bone progression, the measurements were per-
formed using Digora 2.5 software (Soredex, Tuusula, 
Finland). First, the instrument was calibrated (pixel/
mm), using the diameter of the implants as the unit. 
Then, changes in the height of the peri-implant mar-
ginal bone with respect to the most coronal part of the 
implant fixture and the contact point between the im-
plant fixture and the marginal crest were measured.  To 
evaluate bone, a line passing over the shoulder of the 
implant was considered as a reference point for meas-
urement from which a straight line was drawn parallel 
to the long axis of the implant to the most coronal point 
where the bone made contact with the fixture, both me-
sially and distally. The software automatically provided 
the distance between the two points measured in milli-
meters. To reduce human error, this measurement was 
made by different operators, and the mean of the three 
measurements was considered. 
Then, to calculate the marginal bone level, a mesial 
measurement was taken, a distal measurement was 
taken and then the average of the mesial, distal and the 
average between the two values of a single implant site 
was calculated.  

Intra-operative and post-operative complications.

Intra-operative  
complications

Post-operative  
complications

Hypoglycaemic crisis

Mucositis and peri-implantitis

Lack of osseointegration

Insufficient wound healing

Results

Implant survival rate. In the clinical case presented, the 
diabetic patient who received implant rehabilitation, pre-
sented laboratory tests appropriate for implant insertion. 
No implants were lost during the follow-up period. It is 
stated that the survival rate, two years after surgery, was 
100%  (16,17). 

Marginal bone loss. Both axial and tilted implants 
showed marginal bone loss comparable to that of the 
healthy patient (17-19).

MARGINAL 
BONE
LOSS 

Axial implants Tilted implants 

6 months (mm) 0.61 ± 0.75 0.66 ± 0.58

1 year (mm) 0.85 ± 0.83 0.86 ± 0.91

2 years (mm) 0.86 ± 0.78 0.88 ± 0.64
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to micro-vascular complications and delayed wound 
healing (41). 
In the retrospective study by Alberti et al., no difference 
in implant survival (survival rate) after 10 years was 
shown in patients with diabetes (survival rate 96.5%), 
compared to patients without diabetes mellitus (surviv-
al rate 94.8%) (42). According to the literature review, 
by Naujokat H. et al., in the first years after implant 
placement, the survival rate of implants in patients 
with controlled diabetes does not differ from that of 
non-diabetics. However, when observed in the long 
term, about twenty years, the implant survival rate is 
reduced in patients with controlled diabetes compared 
to non-diabetic patients (43).  
Lorean A et Al., in their retrospective study, reported 
that patients with high HbA1c values (8.1% to 10.0%) 
had greater marginal bone loss than those with lower 
HbA1c values (44). In agreement with this, Souto-Maior 
JR et al., through a systematic review of the literature, 
state that it is possible to observe marginal bone loss 
that affects osseointegration (45). The factors that can 
contribute to implant failure, as already described, are 
many. However, according to the scientific review by 
Mombelli et al., bacterial plaque has a negative role in 
the health of peri-implant oral tissues; in fact, the basis 
of a correct management of the bacterial flora is home 
oral hygiene supported by professional services (46). It 
is necessary to underline how fundamentally important 
the synergy between the dental professional and the 
dental hygienist is in the context of successful implant 
rehabilitation, which, even more so in the treatment 
and monitoring of patients with systemic pathologies, 
must be expressed because of the potential risks of 
any preoperative, intraoperative, and postoperative 
complications (47, 48).

Conclusion

This case report could demonstrate that implant-pros-
thetic rehabilitations in the totally edentulous patient 
with compensated diabetes could be safely applied. 
Clinical studies should be performed to confirm this 
result.
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Riassunto

scopo Lo scopo di questo studio clinico prospettico è stato di 
analizzare, utilizzando un nuovo score clinico, cioè il Functio-
nal Prosthodontic Implant Score (FIPS), i risultati di tre diversi 
tipi di protesi implantari con due tipi di connessioni (1 tipo esa-
gonale vs 2 tipi conici) a distanza di un anno.
Materiali e metodi Trenta pazienti sono stati trattati con 
corone cementate su impianti soft tissue level (10 TTc Winsix, 
10 TTk Winsix e 10 Aadva GC) in siti posteriori e monitorati per 
1 anno. Il FIPS è stato applicato per la valutazione del risultato 
obiettivo finale insieme agli esami clinici e radiografici. Sono 
state definite cinque variabili per la valutazione, risultando in 
un punteggio massimo di 10 per ogni ricostruzione implanto-
protesica. Il livello di soddisfazione dei pazienti è stato regi-
strato e correlato con il FIPS.
Risultati Tutti gli impianti, le connessioni e le corone hanno 
rivelato percentuali di sopravvivenza del 100% senza compli-
canze biologiche o tecniche dopo un anno di carico. Il FIPS to-
tale registrato per il gruppo 1 era 44,  43 nel gruppo 2 e 42 nel 
gruppo 3. Il punteggio medio FIPS totale per campione era di 
8,6 ± 1,1 sempre comunque compreso tra 6 e 10.  La variabile 
“osso” ha rivelato i punteggi più alti (2.0, range: 2-2), così come 
“occlusione” (2.0, range: 2-2). I punteggi medi sono stati per 
“design” (1.7 ± 0.4; range: 1-2), “mucosa” (1.6 ± 0.5; range: 
1-2) e “interprossimale” (1.5 ± 0.6; range: 1-2). I pazienti han-
no espresso un alto livello di soddisfazione funzionale (80,5 ± 
2,5, range: 65-100). Nessun tipo di connessione ha dimostrato 
di essere superiore alle altre due. Nessuna differenza statisti-
camente significativa è stata trovata tra i tre gruppi testati. 
Una correlazione significativa è stata trovata tra il FIPS e la 
percezione soggettiva dei pazienti con un coefficiente di 0,80 
(P <0,0001).
Conclusioni I risultati di questo studio clinico hanno indicato 
il grande potenziale delle connessioni sia coniche che esago-

nali e le loro buone prestazioni dopo 1 anno di uso. Il FIPS ha 
dimostrato di essere uno strumento di valutazione clinica og-
gettivo e affidabile per valutare il successo dell’impianto.

Functional implant Prosthodontic score di uno studio 
prospettico a un anno su tre diverse connessioni 
per restauri su impianto singolo

E. FERRaRi CagidiaCo1,2, F. CaRbonCini1, s. PaRRini1, t. doldo1, M. nagni3, n. nuti1, M. FERRaRi1-4

intRoduzionE

Al giorno d’oggi è stato riportato un tasso di sopravvi-
venza e successo molto elevato di impianti e restauri (1). 
Tuttavia, l’aumento delle aspettative dei pazienti riguardo 
ai risultati estetici e alla longevità del trattamento obbli-
ga a cercare un aspetto naturale come risultato finale del 
trattamento implantoprotesico (2,3).
I punteggi e gli indici clinici sono stati sviluppati per va-
lutare le corone su impianto singolo nella zona estetica 
(4-8), ma principalmente per valutare il successo delle 
corone poste sugli impianti anteriori (4-8). Queste me-
todologie hanno voluto indirizzare i punteggi clinici sugli 
aspetti sia protesici che parodontali delle corone comple-
te anteriori e consentire ai dentisti di eseguire una valu-
tazione clinica (4-8). Sfortunatamente, nessun sistema di 
valutazione clinica simile per corone posteriori su impian-
ti è stato mai realizzato, fino a quando non è stato pro-
posto il Functional Implants Prosthodontic Score (FIPS) 
(9). Il FIPS è stato recentemente introdotto per convali-
dare corone cliniche su impianti. Si deve considerare che, 
secondo l’AAID (http: // www.aaid.com), la distribuzione 
nelle regioni posteriore e anteriore dell’arco delle rico-
struzioni di unità singole supportate da impianto mostra 
un rapporto di 2:1.
È stata anche analizzata la valutazione della riproducibi-
lità e della variabilità dell’osservatore del FIPS (10) con-
fermandone l’ottima applicabilità. Inoltre, il FIPS è stato 
utilizzato in uno studio clinico prospettico su corone mo-
nolitiche in disilicato di litio supportate da impianto con 
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4  Dipartimento di Restorative Dentistry, University of Leeds, UK
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intRoduCtion

A very high survival and success rate of implants and 

restorations is reported (1). however, increase of patients’ 

expectations regarding esthetic results and longevity of the 

treatment, obliges to search a natural appearance as final 

result of the implant-prosthodontic treatment (2,3).

Clinical scores and indices have been developed to assess 

single-implant crowns in the esthetic zone (4-8), but mainly 

to evaluate success of anterior crowns placed on implants 

(4-8). These methodologies wanted to address clinical scores 

on both prosthodontic and periodontal aspects of anterior full 

crowns and permit dentists to perform a clinical evaluation 

(4-8). Unfortunately, no similar clinical evaluation system 

for posterior crowns on implants has been available for a 

long time, untill the Functional Implants Prosthodontic 

System (FIPS) was proposed (9). The FIPS was recently 

introduced in order to validate clinical crowns on implants. 

It must be considered that, according to the AAID (http://

www.aaid. com), the distribution in the posterior and the 

anterior regions of the arch of implant-supported single-unit 

reconstructions shows a ratio of 2:1.

Assessment of reproducibility and observer variability of 

FIPS was evaluated (10). Also, FIPS was used in a prospective 

clinical trial on Monolithic implant-supported lithium 

disilicate crowns in a complete digital workflow (11), showing 

its high potentiality to be applied in daily practice and 

randomized clinical trials. FIPS can help to analyze success 

criteria for long term biological and technical stability.

Different implant-prosthodontic connections were proposed 

and the two most popular connections are hexagon and 

conical (12-15).

FIPS can also be used to compare different connections of 

single-implant restorations during randomized clinical trials 

under standardized and objective criteria using clinical and 

radiographic outcomes and to correlate these results to the 

subjective perceptions of the patients (9).

The aim of this randomized clinical study was to evaluate with 

FIPS three types of single-implant crowns in the posterior 

area using two conical and one hexagon connections after 1 

year of clinical service.

The null hypotheses tested were that, scoring the single-

implant restorations with FIPS, there are 

1. Differences between hexagon and conical connections; 

2.  Differences among the three tested connections.

workflow digitale completo (11), che mostra la sua eleva-
ta potenzialità da applicare nella pratica quotidiana e in 
studi clinici randomizzati. Quindi il FIPS può anche essere 
utile ad analizzare i criteri di successo per la stabilità bio-
logica e tecnica a lungo termine.
Sono state proposte diverse connessioni implantoprote-
siche e le due più popolari sono quella esagonale e quella 
conica (12-15).
Il FIPS può anche essere usato per confrontare diverse 
connessioni di restauri su impianti singoli durante stu-
di clinici randomizzati in base a criteri standardizzati e 
obiettivi, utilizzando dati clinici e radiografici e per corre-
lare questi risultati alle percezioni soggettive dei pazienti 
(9).
Lo scopo di questo studio clinico randomizzato è stato di 
valutare con il FIPS tre tipi di corone su impianto singolo 
nell’area posteriore utilizzando due connessioni coniche e 
una esagonale a un anno dalla loro realizzazione. 
Le ipotesi nulle testate erano che, valutando i restauri di 
singoli impianti con FIPS, ci sarebbero state: 1. differenze 
tra le connessioni esagonale e coniche e 2. differenze tra 
le tre connessioni testate.

MatERiali E MEtodi

impostazione dello studio clinico
Un campione di 30 restauri su impianti singoli in 30 pa-
zienti (17 F e 13 M, età media 52 ± 6,5 anni) è stato sele-
zionato tra gennaio e aprile 2017 dal pool di pazienti che 
hanno avuto accesso al Dipartimento di protesi dentale 
e materiali dentali dell’Università di Siena, Italia. Tutti i 
pazienti richiedevano un restauro su impianto singolo 
nell’area posteriore (siti premolari e molari superiori e in-
feriori).
Tutte le procedure eseguite in questo studio che coin-
volgono pazieni sono state conformi agli standard etici 
del comitato di ricerca istituzionale e/o nazionale e alla 

dichiarazione di Helsinki del 1964 e alle sue successive 
modifiche o standard etici comparabili.

Criteri di inclusione ed esclusione
Tutti i pazienti erano parodontalmente sani. La presenza 
di uno dei seguenti fattori ha determinato l’esclusione del 
paziente dalla sperimentazione clinica: 1) minorenne (<18 
anni); 2) gravidanza; 3) disabilità; 4) parodontite (croni-
ca); 5) contatti occlusali pesanti o storia di bruxismo; 6) 
malattia sistemica o gravi complicanze mediche; 7) storia 
allergica riguardante metacrilati; 8) carie dilagante; 9) 
xerostomia; 10) mancanza di conformità; 11) barriere lin-
guistiche; 12) indice di placca superiore a 20.

Randomizzazione e selezione dei pazienti 
Dopo il reclutamento, sono state fornite ai pazienti 
istruzioni di igiene orale ed è stata eseguita la profilassi 
per stabilire il controllo ottimale della placca e la salute 
gengivale. sono state eseguite e registrate le valutazio-
ni cliniche dei parametri parodontali quali profondità di 
sondaggio delle tasche (PPD, Löe and Silness) (16), san-
guinamento al sondaggio (BoP, Ainamo e Bay) (17), e in-
dice di placca (PI, Löe e Silness) (16).
Tutte le procedure protesiche sono state eseguite in ane-
stesia locale (articaina con epinefrina 1:100.000) da un 
singolo operatore esperto.
Rx intraorali sono state eseguite prima di iniziare il trat-
tamento.

Randomizzazione, occultamento delle assegnazioni e 
mascheramento degli esaminatori
Ogni soggetto è stato diviso casualmente nei tre gruppi 
sperimentali di 10 ciascuno (3 × n = 10) e assegnati a uno 
dei tre gruppi in base al sistema implantare utilizzato.
•	 Gruppo	 A:	 impianto	 Aadva	 (GC)	 con	 connessione	

conica; 
•	 Gruppo	B:	Winsix	 (Biosafin)	 con	connessione	conica	

(TTC);
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FIG. 1  Gruppo 1: premolare superiore 
restaurato (FDI 24) dopo 1 anno di carico; 
visioni occlusale (A) e laterale (B) e 
immagine radiografica (C). L’applicazione 
del FIPS ha rivelato un punteggio totale di 9.

1A

1B

1C

Variables 0 1 2

Contatti	
interprossimali e 
papille

2

Occlusione statica e 
dinamica

2

Contoni	e colore 1

Qualità e quantità 
della mucosa

2

Radiografia osso 2

Score massimo 9

2A 3A

FIG. 2 Gruppo 2: premolare superiore 
restaurato (FDI 46) dopo 1 anno di carico; 
visioni occlusale (A) e laterale (B) e 
immagine radiografica (C). L’applicazione 
del FIPS ha rivelato un punteggio totale di 9. 

FIG. 3 Gruppo 3: premolare superiore 
restaurato (FDI 46) dopo un anno di 
carico; visioni occlusale (A) e laterale (B) e 
immagine radiografica (C). L’applicazione 
del FIPS ha rivelato un punteggio totale di 9.

2B 3B

2C 3C

Variables 0 1 2

Contatti	
interprossimali e 
papille

2

Occlusione statica e 
dinamica

2

Contoni	e colore 2

Qualità e quantità 
della mucosa

1

Radiografia osso 2

Score massimo 9

Variables 0 1 2

Contatti	
interprossimali e 
papille

2

Occlusione statica e 
dinamica

2

Contoni	e colore 1

Qualità e quantità 
della mucosa

2

Radiografia osso 2

Score massimo 9
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MatERial and MEthods 

Clinical study setting 
A sample of 30 consecutive single-implant restorations in 

30 patients (17 F and 13 M, mean age 52 ±6.5 years) was 

selected between January and April 2017 from the pool of 

patients accessing the Department of Prosthodontics and 

Dental Materials of the University of Siena, Italy. All patients 

required a single-implant restoration in the posterior area 

(upper and lower premolar and molar sites). 

All procedures performed in this study involving human 

participants were in accordance with the ethical standards 

of the institutional and/or national research committee and 

with the 1964 helsinki declaration and its later amendments 

or comparable ethical standards.

inclusion and exclusion criteria
All patients were periodontally healthy. 

Patients with the following factors were excluded from 

the clinical trial: 1) underage (<18 years); 2) pregnancy; 3) 

disabilities; 4) (profound, chronic) periodontitis; 5) heavy 

occlusal contacts or history of bruxism; 6) systemic disease or 

severe medical complications; 7) allergic history concerning 

methacrylates; 8) rampant caries; 9) xerostomia; 10) lack of 

compliance; 11) language barriers; 12) plaque index higher 

than 20.

Randomization and selection of the patients
After recruitment, oral hygiene instructions were given to the 

patients and prophylaxis was performed to establish optimal 

plaque control and gingival health. 

Clinical assessments of periodontal parameters such as 

probing pocket depths (PPD) Löe and Silness (16), bleeding on 

probing (BoP) Ainamo and Bay (17), and a full-mouth plaque 

index (PI), Löe and Silness (16) were performed and recorded. 

All restorative procedures were performed under local 

anaesthesia (Articaine with 1:100.000 epinephrine) by a 

single experienced operator.

Intraoral X-rays were made before starting the treatment.

Randomization, allocation concealment and masking of 

examiners

each experimental subject was randomly divided in three test 

groups of 10 each (3× n = 10) and assigned to one of three 

groups according to the implant system used:

•	 Group	A:	Aadva	implant	(GC)	with	conical	connection;	

•	 Group	B:	Winsix	(Biosafin)	with	conical	connection	(TTC)			

•	 Group	C:	Winsix	(Biosafin)	with	hexagon	connection	(TTK)

•	 Gruppo	 C:	 Winsix	 (Biosafin)	 con	 connessione	
esagonale (TTK).

L’assegnazione del trattamento è stata annotata nel mo-
dulo di registrazione e trattamento assegnato dallo stu-
dio. L’occultamento delle assegnazioni è stato eseguito 
con buste sigillate opache, numerate in sequenza. Lo sta-
tistico ha fatto la sequenza di allocazione per mezzo di 
una lista casuale generata dal computer e ha incaricato 
un soggetto diverso di assegnare una busta sigillata con-
tenente il tipo di IOS.
L’involucro opaco è stato aperto prima della selezione del 
sistema implantare e comunicato all’operatore. Al richiamo 
a un anno è stato applicato il blinding dell’esaminatore. 
Tutte le corone sono state prodotte in un misto tradizio-

nale, le impronte sono state realizzate utilizzando il ma-
teriale per impronta Vinyl Polyether Silicone (EXA’lence, 
GC),	quindi	sono	state	versate	in	gesso	(FujiRock,	GC)	-	e	
lavoro in laboratorio con digitale, i calchi sono stati scan-
sionati con uno scanner da laboratorio (Aadva Lab Scan, 
GC),	elaborato	tramite	CAD/CAM	con	abutment	in	titanio	
individualizzati,	cappette	in	zirconio	(Aadva	zirconia,	GC),	
oltre a sovrastrutture in ossido di zirconio impiallacciate 
manualmente	(Initial,	GC).
Ogni singolo abutment in titanio è stato avvitato con un 
torque massimo di 35 Ncm secondo le istruzioni del pro-
duttore e le corone definitive sono state cementate con 
cemento provvisorio (TempBond NE, Kerr Dental, Rastatt, 
Germania).

Variabili Gruppo 1 Gruppo 2 Gruppo 3 Score totale 
ciascun gruppo

Contatti	interprossimali	e papille   8   7   6 21

Occlusione statica e dinamica 10 10 10 30

Contoni	e colore   8   9   8 25

Qualità e quantità della mucosa   8   7   8 23

Radiografia osso 10 10 10 30

Score totale ciascun gruppo 44 43 42

TAB. 1  Punteggi radiografici e 
clinici basati sul FIPS per ciascun 
gruppo. 

TAB. 2  Mediana e quartili Q25-Q75 
riassunti e punteggi FIPS medi 
inclusi i valori di deviazione 
standard (SD) e minimo-massimo 
(min-max) per ciascuna variabile.

N= 20 pazienti Mediana Q25–Q75 Media SD Min-Max

Contatti	interprossimali	e papille 1.5 1-2 1.5 0.6 1-2

Occlusione statica e dinamica 2 2-2 2 0 1-2

Contoni	e colore 1.5 1-2 1.7 0.4 0-2

Qualità e quantità della mucosa 1.5 1-2 1.6 0.5 0-2

Radiografia osso 2 2-2 2 0 2-2

Score totale ciascun gruppo 8.5 6-9 8.8 1.2 6-10
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Treatment assignment was noted in the registration and 

treatment assignment form that was kept by the study. 

Allocation concealment was performed by opaque sealed, 

sequentially numbered envelopes. The statistician made 

the allocation sequence by means of a computer-generated 

random list and instructed a different subject to assign a 

sealed envelope containing the type of IOS. The opaque 

envelope was opened before implant system selection 

and communicated to the operator. At the one-year recall 

blinding of the examiner was applied. 

All crowns were produced in a mixed traditional - impressions 

were made using Vinyl Polyether Silicone impression material 

(eXA’lence, GC), and then were poured on dental die stone 

(FujiRock, GC) - and digital lab workflow,  the casts were 

scanned with a lab scanner (Aadva Lab Scan, GC), CAD/CAM-

processed with individualized titanium abutments, zirconia 

copings (Aadva zirconia, GC), plus manually veneered zirconia 

suprastructures (Initial, GC). each single titanium abutment 

was screwed with a maximum torque of 35 Ncm according 

to the manufacturer’s instructions and the final crowns were 

luted with temporary cement (TempBond Ne, Kerr Dental, 

Rastatt, Germany). 

Follow-up 
All patients were enrolled in a dental hygiene recall program 

every 6 months and annual follow-up. Clinical and intraoral 

radiographic examinations were performed immediately 

after one year of loading (follow-up). 

The FIPS evaluation was completed by an experienced 

prosthodontist for all patients at baseline and 1-year 

follow-up. Also, patient satisfaction was evaluated with 

a questionnaire covering two central issues related to the 

implant reconstruction. Question 1 (Q1) focused on the 

treatment result on how the patients’ general expectations 

had been fulfilled. The second question (Q2) addressed 

specifically the patients’ satisfaction from a functional point 

of view. Both questions included a visual analogue scale (VAS) 

ranging from “unsatisfied” to “fully satisfied” (0–100). here, 

the patients could separately mark their personal degree of 

satisfaction for Q1 and Q2. 

statistical analysis 
Descriptive statistics of FIPS were calculated for medians and 

quantiles Q25–Q75 as well as mean scores including standard 

deviations (SD), minimum and maximum (min–max) values. 

TAB. 3  entrambe le domande 
includevano una scala analogica 
visiva (VAS) che andava da 
“insoddisfatti” a “completamente 
soddisfatti” (0-100).

Q1 (come sono state soddisfatte le aspettative generali dei pazienti)

Gruppo 1 85, 80, 65, 75, 90, 100, 85, 70, 70, 75 (79.5 mean)

Gruppo 2 80, 70, 65, 100, 100, 75, 65, 80, 80, 75 (79.0 mean)

Gruppo 3 65, 70, 100, 95, 90, 70, 80, 70, 75, 65 (78.0 mean)

Q2 (soddisfazione generale dei pazienti dal punto di vista funzionale)

Gruppo 1 80, 95, 90, 65, 70, 75, 100, 65, 85, 90 (81.5 mean)

Gruppo 2 75, 80, 100, 65, 65, 90, 75, 75, 95, 70 (79.0 mean)

Gruppo 3 100, 90, 65, 70, 75, 80, 85, 70, 90, 80 (80.5 mean)

Follow-up
Tutti i pazienti sono stati arruolati in un programma di ri-
chiamo di igiene dentale semestrale e follow-up annuale. 
Gli	esami	radiografici	clinici	e	intraorali	sono	stati	esegui-
ti dopo un anno di carico (follow-up).
La valutazione del FIPS è stata completata da un protesi-
sta esperto per tutti i pazienti al baseline e al follow-up di 
1 anno. Inoltre, la soddisfazione del paziente è stata va-
lutata con un questionario che copre due questioni cen-
trali relative alla ricostruzione dell’impianto. La domanda 
1 (Q1) si è concentrata sui risultati del trattamento e cioè 
su come le aspettative generali dei pazienti fossero state 
soddisfatte. La seconda domanda (Q2) riguardava spe-
cificamente la soddisfazione dei pazienti da un punto di 
vista funzionale. Entrambe le domande includevano una 
scala analogica visiva (VAS) che andava da “insoddisfat-
ti” a “completamente soddisfatti” (0-100). Qui, i pazienti 
potevano segnare separatamente il loro grado personale 
di soddisfazione per Q1 e Q2.

analisi statistica
Le statistiche descrittive del FIPS sono state calcolate per 
mediane e quartili Q25-Q75 e punteggi medi compresi 
le deviazioni standard (SD), i valori minimo e massimo 

(min-max). È stata eseguita un’analisi di regressione li-
neare per rilevare eventuali correlazioni significative tra 
i punteggi FIPS totali e i risultati soggettivi delle risposte 
VAS dei pazienti a Q1 e Q2. 
Un livello di significatività è stato fissato a P <0,05. I 
calcoli statistici sono stati effettuati con il program-
ma	 open	 source	 “GraphPad	 Software”	 (http:	 //	 www.	
Graphpad.com)	(Tabella	1,	2,	3).

Risultati

I tassi di sopravvivenza per tutti gli impianti e le rico-
struzioni protesiche sono stati del 100%. Nessuna com-
plicanza tecnica o biologica è stata osservata durante il 
follow-up.
Gli	 esami	 clinici	 hanno	 mostrato	 punteggi	 medi	 full-
mouth per PI di 20,4 ± 2,5 (range: 16-22) a baseline e 
19,5 ± 1,2 (range: 16-22) al follow-up a 1 anno, PPD di 
3,6 ± 0,4 mm (range: 1-4) e 3,4 ± 0,4 mm (range: 1-4), e 
un punteggio medio per BoP di 21,2- + 2,5 (range: 17-24) 
e 19,8 ± 1,2 (range: 16-23), rispettivamente.
Il punteggio medio FIPS totale era di 8,6 ± 1,1 (range: 
6-10). In dettaglio, tutti gli impianti hanno mostrato un 
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A linear regression analysis was performed for the detection 

of any significant correlations between the total FIPS scores 

and the subjective results of the patients’ VAS responses to 

Q1 and Q2. 

A level of significance was set at P < 0.05. Statistic 

calculations were made with the open-source program 

“GraphPad Software” (http://www. graphpad.com) (Table 

1, 2, 3).

REsults
 

Survival rates for all implants and connected prosthodontic 

reconstructions were 100%. No technical or biological 

complications were observed during follow-up. 

Clinical examinations exhibited mean full-mouth scores for PI 

of 20.4±2.5 (range: 16–22) at baseline and 19.5±1.2 (range: 

16–22) at 1- year follow-up, PPD of 3.6 ±0.4 mm (range: 1–4) 

and 3.4± 0.4 mm (range: 1–4), and a mean score for BoP 

of 21.2-+2.5 (range: 17–24) and 19.8±1.2 (range: 16–23), 

respectively.

The mean total FIPS score was 8.6±1.1 (range: 6–10). 

In detail, all implants showed a stable level of the alveolar 

crest without any signs of bone loss in the radiographic 

analysis. Therefore, the variable “bone” demonstrated the 

most consistent results and highest scores with a mean value 

of 2±0. 

Similarly mean score was recorded for the variable “occlusion” 

2.0±0. 

In contrast, mean scores for “design” 1.9±0.7 (range: 0–2), 

“mucosa” 1.8±0.4 (range: 1–2), and “interproximal” 1.7±0.4 

(range: 1–2) were the most challenging to satisfy (Table 2). 

Calculations of medians and quantil Q25– Q75 as well 

as mean total FIPS scoring for each of the five variables, 

including standard deviations and minimum and maximum 

values, are summarized in Table 3. 

The two questionnaires addressed the patients’ satisfaction 

according to the treatment outcome. Q1 focused on the 

fulfillment of the patients’ general expectations. Q2 asked 

explicitly for the overall patients’ satisfaction according to the 

functionality of the implant crowns.

All patients marked their level of satisfaction at or above 65% 

on the VAS for both questions. The mean score of Q1 was 

79.0±1.5 (median: 78.8; Q25–Q75: 70–92; range: 65–100), 

and 80.5±2.5 for Q2 (median: 80.3; Q25–Q75: 73–95; range: 

livello stabile della cresta alveolare senza segni di perdita 
ossea all’analisi radiografica. Pertanto, la variabile “osso” 
ha dimostrato i risultati più coerenti e i punteggi più alti 
con un valore medio di 2 ± 0. Allo stesso modo il punteg-
gio medio è stato registrato per la variabile “occlusione” 
2.0±0.
Al contrario, i punteggi medi per “design” 1,9 ± 0,7 (ran-
ge: 0-2), “mucosa” 1,8 ± 0,4 (range: 1-2) e “interprossi-
male” 1,7 ± 0,4 (range: 1-2) sono stati più impegnativi da 
soddisfare (Tabella 2).
I calcoli delle mediane e del quantile Q25-Q75 nonché il 
punteggio FIPS medio per ciascuna delle cinque variabili, 
comprese le deviazioni standard e i valori minimo e mas-
simo, sono riepilogati nella Tabella 3.
I due questionari hanno riguardato la soddisfazione dei 
pazienti in base al risultato del trattamento. Il primo si 
concentrava sull’adempimento delle aspettative generali 
dei pazienti. Q2 ha chiesto esplicitamente la soddisfazio-
ne complessiva dei pazienti in base alla funzionalità delle 
corone implantari.
Tutti i pazienti hanno segnato un livello di soddisfazione 
pari o superiore al 65% sulla VAS per entrambe le do-
mande. Il punteggio medio di Q1 era 79,0 ± 1,5 (media-
na: 78,8; Q25-Q75: 70- 92; intervallo: 65-100) e 80,5 ± 
2,5 per Q2 (mediana: 80,3; Q25-Q75: 73-95; intervallo: 
65-100).
L’analisi di regressione lineare ha mostrato una correla-
zione statisticamente significativa tra il punteggio FIPS 
totale e la risposta VAS di Q1 e Q2. È stata trovata una 
moderata correlazione tra FIPS e Q1 e FIPS e Q2, con un 
coefficiente di 0,82 e 0,80 (P <0,0001) rispettivamente.

disCussionE

È stata recentemente proposta la possibilità di valutare 
in modo selettivo l’integrazione funzionale dei restauri su 
impianto singolo con un punteggio oggettivo, affidabile 

e rapidamente applicabile e che consente di razionaliz-
zare la soddisfazione del paziente, identificare potenziali 
rischi di insuccesso in una fase precoce del trattamento 
e confrontare la manutenzione (9-11).
Il FIPS sembra essere più facile e più affidabile da ap-
plicare rispetto ad altri criteri che sono stati proposti in 
passato (18-20). Alcuni di essi mescolano diversi para-
metri, come la mobilità dell’impianto, la radiotrasparenza 
e la sostanziale perdita di tessuto osseo, il sanguinamen-
to e la suppurazione, l’insorgenza di fallimenti mecca-
nici e l’estetica. Tuttavia, il successo di un restauro su 
impianto singolo dovrebbe idealmente considerare l’esito 
a lungo termine dell’intero complesso implantoprotesico 
nel suo insieme.
Il FIPS può essere generalmente accettato e considerato 
ben consolidato come strumento di valutazione affidabi-
le attraverso la formulazione di un punteggio fondendo 
i risultati clinici e radiografici per la valutazione dei re-
stauri implantari (nei siti posteriori) (9-11). Infatti, il FIPS 
è uno strumento di valutazione diagnostica che può es-
sere utile, facile da usare, rapido e riproducibile e implica 
una rilevanza clinica per il dentista. 
Il presente studio ha confermato l’applicabilità clinica 
del FIPS. Questo nuovo punteggio funzionale è defini-
to da sole cinque variabili. Al contrario, gli indici estetici 
utilizzano schemi di punteggio molto più complessi con 
10 fino a 15 sottocategorie di valutazione diverse (4-8, 
21-23). L’applicabilità semplice del FIPS è utile per studi 
clinici randomizzati a lungo termine ed è usato anche da 
un ampio numero di clinici.
Questo studio clinico prospettico ha valutato i risultati 
funzionali di un lavoro tradizionale e digitale misto per 
fabbricare corone su impianto singolo su tre diversi im-
pianti dopo un anno di carico utilizzando il FIPS. Si può 
considerare che la reazione del tessuto gengivale agli in-
sulti infiammatori come il posizionamento di un restauro 
di una singola unità, può determinare entro un anno al-
cune reazioni sfavorevoli; la presenza di un leggero mi-
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65–100). 

The linear regression analysis showed a statistically 

significant correlation between the total FIPS score and 

the VAS response of Q1 and Q2. A moderately correlation 

was found between FIPS and Q1 and FIPS and Q2, with a 

coefficient of 0.82 and 0.80 (P < 0.0001) respectively. 

disCussion

The possibility to selectively assess the functional integration 

of single-implant restorations with an objective, reliable, and 

quickly applicable score was recently proposed and permits 

to rationalize patient’s satisfaction, to identify potential 

failure risks at an early stage of the treatment and to compare 

follow-up maintenance (9-11).

FIPS seems to be easier and more reliable to be applied than 

other criteria that have been proposed in the past (18-20).  

Some of them were mixing different parameters, such as 

mobility of the implant, radiolucency and substantial bone 

loss, bleeding and suppuration, the occurrence of technical 

failures, and esthetics. however, success of a single-implant 

restoration should ideally consider the long-term outcome of 

the entire implant–prosthodontic complex as a whole. 

FIPS can be now generally accepted and well-established 

as a reliable assessment tool estimating a score by merging 

clinical and radiographic findings for the evaluation of 

implant restorations (in posterior sites) (9-11). In fact, FIPS 

is an outcome assessment tool that can be helpful, is easy 

to use, quickly and reproducibly applicable, and implies a 

clinical relevance for the dentist. The present trial confirmed 

the applicability of FIPS. This novel functional score is 

defined by only five variables. In contrast, esthetic indices 

use much more complex scoring schemes with 10 up to 

15 different subcategories of assessment (4-8, 21-23). The 

ease applicability of FIPS is useful for long term randomized 

clinical trials and its use also by a wide number of clinicians.

This prospective clinical study evaluated the functional 

outcomes of a mixed traditional and digital workflow to 

fabricate single-implant crowns on three different implants 

after one year of loading using FIPS. It can be considered that 

the reaction of gingival tissue at inflammatory insults such 

as a placement of a single-unit restoration, can determine 

within one year of clinical service some unfavorable reactions; 

the presence of a slight improvement of periodontal indices 

glioramento degli indici parodontali in combinazione con 
qualsiasi perdita ossea può essere un segno favorevole di 
una buona integrazione dei restauri al singolo impianto.
Le ipotesi nulle testate erano che, valutando i restauri 
a singolo impianto con il FIPS, ci sarebbero state diffe-
renze tra connessioni esagonali e coniche; e tra le tre 
connessioni testate; entrambe le ipotesi sono state re-
spinte: non sono state riscontrate differenze tra il tipo 
di connessioni dell’abutment e tra i tre sistemi implan-
tari	testati.	Ciò	può	essere	dovuto	alle	elevate	prestazio-
ni riportate per entrambi i tipi di connessioni (24), alla 
corretta selezione dei casi, alle procedure chirurgiche 
e protesiche ben eseguite e al corretto mantenimento 
dell’igiene orale domiciliare (25-26); le due ipotesi nulle 
saranno rivalutate e riportate a medio e lungo termine.
Sebbene l’osservazione a breve termine e il numero limi-
tato di campioni di ciascun gruppo possano essere con-
siderati limiti importanti di questo studio, dopo il follow-
up annuale è prevista un’osservazione più lunga in un 
numero più ampio di pazienti.
L’analisi riassuntiva delle variabili “interprossimale”, “oc-
clusione”, “design”, “mucosa” e “osso” ha rivelato un pun-
teggio medio alto di 8,6 su 10, con un intervallo relati-
vamente ristretto (SD: 1,1), che indica una valutazione 
precisa e affidabile del FIPS all’interno di questi gruppi. 
Sebbene, in condizioni ottimali, le variabili definite del 
FIPS risultino in un punteggio inferiore a 10, tutti i re-
stauri con singolo impianto esaminati hanno sempre 
mostrato un punteggio medio di ≥ 6, che può essere 
interpretato come esito del trattamento (funzionale) di 
successo.
Un altro aspetto importante era che la soddisfazione 
dei pazienti è stata soggettivamente elevata rispetto al 
risultato del trattamento previsto in generale. La sod-
disfazione dei pazienti riflette le loro aspettative, con-
fermando che la loro percezione può corrispondere alla 
FIPS.	 Certamente,	 il	 metodo	 utilizzato	 per	 valutare	 la	
percezione dei pazienti (VAS) potrebbe essere migliora-

to, sebbene in questa forma sia molto facile da applicare, 
ripetibile e affidabile (9).

ConClusioni 

I risultati di questo studio clinico randomizzato hanno in-
dicato il potenziale di entrambe le connessioni coniche 
ed esagonali nel funzionare molto bene dopo 1 anno. Il 
FIPS ha dimostrato di essere uno strumento oggettivo e 
affidabile nella valutazione del successo del restauro su 
un singolo impianto.
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in combination with any bone loss can be a favorable sign of 

good integration of single-implant restorations.

The null hypotheses tested were that, scoring the single-

implant restorations with FIPS, there were differences 

between hexagon and conical connections and among the 

three tested connections; both were rejected: no differences 

were found between the type of abutment connections and 

among the three tested implant systems. That can be due to 

the high performances reported for both types of connections 

(24), the proper selection of the cases, the well performed 

surgical and prosthodontic procedures as well as the proper 

maintenance of home oral hygiene (25-26); the two null 

hypotheses will be reevaluated and reported along further 

recalls.

Although the short-term observation and the limited number 

of samples of each group can be considered important 

limitations of this study, a longer observation in a wider 

number of patients is planned after the three-year follow up.

The summarized analysis of the variables “inter-proximal,” 

“occlusion,” “design,” “mucosa,” and “bone” revealed a high 

mean total score of 8.6 of 10 with a relatively narrow range 

(SD: 1.1), indicating a precise and reliable assessment of FIPS 

within these groups. Although under optimal conditions, 

the defined variables of FIPS result in a top score of 10, all 

examined single- implant restorations always showed a 

mean score of ≥6, which can be interpreted as a successful 

(functional) treatment outcome. 

Another important aspect was that the patients’ satisfaction 

was subjectively high with respect to the expected treatment 

outcome in general. The patients’ satisfaction reflected 

their expectations, confirming that their perception can 

correspond to the FIPS. Certainly, the method used to 

evaluate patients’ perception (VAS) might be improved 

although in this form it is very easy to be applied, repeatable 

and reliable (9). 

ConClusions

The findings of this randomized clinical trial indicated the 

potential of both conical and hexagon connections to perform 

very well after 1 year of clinical service. 

FIPS showed to be an objective and reliable instrument in 

assessing single-implant restoration success.
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METODI: 
In questo studio sono stati selezionati pazienti adulti affetti da DM1 da oltre 20 anni, affetti da 
edentulia singola e richiedenti un trattamento implantare, confrontati con pazienti sani che 
necessitavano dello stesso tipo di riabilitazione. 
Gli impianti dentali sono stati collocati in singoli siti edentuli secondo le istruzioni del produttore ed 
è stato impostato un protocollo di carico differito. (Sistema implantare Winsix, Biosafin, Ancona, 
Italia) La profilassi antibiotica è stata somministrata a pazienti DM1 1 ora prima dell'intervento e poi 
continuata per 6 giorni. L'osteointegrazione dell'impianto è stata valutata mediante radiografie 
intraorali digitali e follow-up clinici a 6 e 12 mesi dall'intervento. Le sessioni di igiene orale 
professionale sono state pianificate a 4, 8 e 12 mesi dall'intervento. Nello stesso appuntamento, i 
pazienti sono stati motivati   per le abitudini di igiene orale domiciliare. Sono state consegnate a tutti 
i pazienti riabilitazioni protesiche implantari fisse. Le analisi statistiche sono state effetuate 
utilizzando la versione 5.00 del software GraphPad Prism per Windows.  

SCOPO: 
 L'uso di impianti dentali in pazienti con diabete mellito di tipo 1 (DM1) rimane controverso a causa del fatto che in 
letteratura è stata riscontrata una diminuita percentuale di sopravvivenza degli impianti stessi. Questo studio ha l’obiettivo 
di determinare se DM1 rappresenta un fattore di rischio significativo il successo delle riabilitazioni implantoprotesiche. 	

CONCLUSIONI: 
L'assenza di differenze statistiche tra i due gruppi ha suggerito che l'uso di una procedura implantare minimamente invasiva, la 
somministrazione di antibiotici prima e dopo l'intervento chirurgico e un rigido protocollo di igiene orale post-operatorio sono 
efficaci nel controllo della sopravvivenza dell'impianto in pazienti DM1. Questi risultati devono essere confermati da un follow-
up più lungo e con una dimensione del campione più ampia. 

RISULTATI: 
Un totale di 25 pazienti DM1 e 25 pazienti non diabetici hanno soddisfatto i criteri di inclusione e sono stati selezionati per 
lo studio. A 12 mesi, è stato riportato un tasso di sopravvivenza del 100% per il gruppo DM1 e del 100% per il gruppo di 
controllo non diabetico, senza differenze statistiche (p> 0,05). A 12 mesi di follow-up, i risultati radiografici hanno 
mostrato una perdita ossea marginale media di 0,81 ± 0,40 mm per il gruppo DM1, mentre 0,75 ± 0,30 mm è stata 
registrata nel gruppo di controllo, senza differenze statistiche (p> 0 , 05). La guarigione delle ferite è stata riportata senza 
complicazioni in tutti i 25 pazienti DM1. I tessuti molli sono andati incontro ad una buona guarigione in entrambi i gruppi. 
Nessuna complicanza protesica è stata riportata al follow-up di 12 mesi.  
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of the mascellars: morphological 
and immunohistochemical analysis at long-term 
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rIcerca clInIca

SCopo del lavoro
Basandosi su evidenze riportate in precedenza, lo scopo di questo 
studio era di valutare i meccanismi morfologici e molecolari che 
caratterizzano l’integrazione dell’autologo con innesti di calvaria 
dopo 4 mesi (T1), 6 mesi (T2) e 15 anni (T3) e il rimodellamento 
del sito implantare.

MaTeriali e MeTodi
Sono stati inclusi tre pazienti (45/65 anni): due che necessitano di 
riabilitazione implantare previo innesto osseo di calvaria e protesi 
supportate da impianti, mentre l’altro paziente ha effettuato un 
inserimento di un impianto nell’area adiacente al sito rigenerato 
con innesto di calvaria 15 anni prima. Nei primi due pazienti, i 
campioni ossei sono stati ottenuti dal sito donatore (T0), dall’area 
rigenerata 4 mesi dopo l’innesto (T1) e 6 mesi dopo l’inserimento 
dell’impianto (T2). Inoltre, un campione di osso è stato ottenuto 
da un terzo paziente, 15 anni dopo l’innesto (T3). È stata effet-
tuata un’analisi macrostrutturale e un’analisi immunoistochimica, 
verificando l’espressione di BSP2, marker osteogenico, collagene 
I, organizzatore della matrice ossea, VEGF regolatore angiogenico,
ERK 1/2, che regola sia l’attività osteogenica che angiogenica, e la 
proteina infiammatoria iNOS.

riSulTaTi
I campioni T1 e T2 mostrano la presenza d’importanti fenomeni 
di rimodellamento, con area di riassorbimento e neoapposizione 
ossea, unitamente alla formazione di nuovi vasi sanguigni. Mentre 
nel campione T3 si osservano caratteristiche morfologiche molto 
vicine all’osso nativo, come dimostrato dalla scomparsa delle linee 
di saldatura. Tuttavia, le piccole cellule poligonali che assomiglia-
no agli osteoblasti, chiuse nei canali di Havers, denotano che ci 
sia ancora neoapposizione ossea. Le analisi immunoistochimiche 

mostrano una drastica diminuzione dell’espressione del collagene, 
in T1 e T2, stabilizzata in T3, in parallelo all’aumento di BSP2, 
che tuttavia è considerevolmente ridotto in T3. Inoltre, il fattore di 
angiogenesi VEGF è aumentato in T2, rispetto a T0, T1 e T3 che 
sono abbastanza simili. Il livello più alto di ERK 1/2 è evidenziato 
nel campione T2; ed infine i livelli basali di iNOS, correlati a eventi 
infiammatori sono evidenziati in T0 e T3, rispetto a T1.

CoNCluSioNi
Questi dati, combinati con osservazioni cliniche, suggeriscono 
che l’innesto di origine extraorale, in particolare da calvaria, è 
perfettamente integrato dopo 15 anni. Inoltre, ciò è confermato 
dalla presenza di cellule poligonali attorno ai canali di Havers e 
dalla tendenza negli anni di BSP2, parallelamente all’espressione 
di VEGF e ERK 1/2, suggerendo che esiste una nuova formazione 
ossea residua. Pertanto, gli innesti di osso auutologo extraorali, 
in particolare quelli di calvaria, sembrano particolarmente adatti 
come biomateriali per la rigenerazione ossea di difetti estesi prima 
di una successiva terapia protesica supportata da impianto. (1) 
(Tetè et al., 2013 Eur.J.Histochem, 57,60-65).

La ricostruzione dei grandi difetti ossei mascel-
lari e mandibolari causata da incidenti, tumori 
o atrofia da edentulismo rappresenta un’impor-

tante sfida clinica per i chirurghi; quindi per ripara-
re tali difetti è importante avere una conoscenza delle 
proprietà biologiche del tessuto osseo nativo e dei sosti-
tuti ossei, i quali devono essere biocompatibili, ben tol-
lerati, non teratogeni, non cancerogeni, bioattivi, steri-
lizzabili e con buone proprietà meccaniche e chimiche. 
L’evidenza scientifica attesta che l’osso autologo può es-

Innesti, osso 
autologo, atrofia, 
calvaria, pattern 

molecolare

Grafts, autologous 
bone, atrophy, 

calvaria, molecular 
pattern
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sere considerato il gold standard tra i mate-
riali da innesto in quanto garantisce l’avvio 
di tre processi biologici fondamentali su cui 
poggiano le basi concettuali per le procedu-
re di innesto osseo: osteogenesi, osteoindu-
zione e osteoconduzione. Pertanto oggetto 
di questa tesi sperimentale è stato investi-
gare gli aspetti morfologici e i meccanismi 
molecolari che caratterizzano l’integrazione 
dell’osso autologo e il rimodellamento della 
sede dell’impianto.
In particolare è stata presa in considerazio-
ne l’espressione di BSP2, marker osteogeni-
co, di collagene, organizzatore della matri-
ce ossea, di VEGF, regolatore angiogenico, e 
delle vie di segnale MAPK/ERK, che indu-
cono sia l’attività osteogenica che angiogeni-
ca nonché l’ espressione della iNOS, che può 
mediare l’eventuale instaurarsi di un pro-
cesso infiammatorio nel tessuto osseo ospite 
in presenza di innesti di osso autologo extra-
orale da calvaria in siti edentuli del mascel-
lare superiore posteriore in due pazienti a 
T1 (4mesi), T2 (6mesi) e T3 (15 anni).

Materiali e Metodi

Sono stati esaminati tre pazienti, compre-
se tra i 45 e i 65 anni, di sesso femmini-
le e un paziente di anni 65 che ha effettua-
to un rientro dopo 15 anni, per inserimento 
implantare in sede adiacente. I suddetti pa-
zienti avevano bisogno di una riabilitazione 
orale nel mascellare superiore e presenta-
vano un volume osseo inadeguato, per per-
mettere l’inserimento implantare; precisa-
mente definite classe 5 (classificazione di 
Cawood e Howell). Quindi presentando una 
cresta alveolare residua minore di 4 mm, 
uno spessore di almeno 5 mm e un’aumen-
tata distanza intermascellare, sono stati 
trattati con rialzo di seno mascellare ed 
innesto di osso autologo, prelevato da teca 
cranica, d’apposizione verticale e orizzon-
tale. Tutti i pazienti sono stati previamen-
te informati dello scopo di questa ricerca 
ed hanno espresso il loro consenso in for-
ma scritta, in accordo con la commissione 
etica locale, con la legislazione italiana, e 
con il codice dei principi etici della ricerca 
scientifica inerenti agli esseri umani della 
World Medical Association (Dichiarazione 
di Helsinki). 

procedura chirurgica
Prima dell’intervento i pazienti sono stati 
sottoposti ad anamnesi medica completa, 
esame obiettivo clinico e radiografico. Tutti i 
pazienti hanno mostrato (condizione neces-
saria per il loro reclutamento nello studio) 
buone condizioni sistemiche, inclusa l’as-
senza di patologie che controindicassero la 
chirurgia o che costituissero un fattore di ri-
schio per il futuro successo della terapia ria-
bilitativa implanto-protesica. In particolare 
sono stati adottati come criteri di inclusione: 
assenza di compliance per le procedure di 
igiene orale domiciliare, malattia parodon-
tale incontrollata, patologie infiammatorie 
acute dei mascellari, malattie delle muco-
se orali, storia recente di irradiazione del-
la regione testa-collo, chemioterapia, fumo, 
diabete mellito scompensato, uso di sostan-
ze stupefacenti, assunzione di bisfosfonati, 
immunodepressione, parafunzioni. La valu-
tazione radiografica preoperatoria ha inclu-
so l’esecuzione di ortopantomografia e tomo-
grafia computerizzata cone beam (CBCT). 
Prima di qualsiasi intervento chirurgico è 
stata somministrata l’antibiotico-profilas-
si. Gli interventi di prelievo di osso autologo 
dalla teca cranica sono stati effettuati presso 
l’ospedale Vita e Salute San Raffaele dal pro-
fessor Raffaele Vinci. I blocchi di osso auto-
logo, di dimensione corrispondente al difet-
to osseo da ricostruire, sono stati prelevati 
in anestesia generale dalla regione parieta-
le della teca cranica, utilizzando la tecnica 
splitting-in-situ proposta da Paul Tessier nel 
1982. Il vantaggio di essa, differentemente 
dalla tecnica splitting- on-table, è di permet-
tere il distacco unicamente della corticale 
esterna: in questa maniera si ottiene certa-
mente una minor quantità̀ di osso, ma in 
compenso le procedure chirurgiche risulta-
no più̀ semplici, di durata inferiore, e soprat-
tutto meno invasive, riducendo al minimo i 
possibili incidenti di esposizione o lacerazio-
ne della dura madre, quindi non rende ne-
cessaria la presenza del neurochirurgo. 
Dopo l’incisione della cute non rasata (Vin-
ci R et al, 2006) e la riflessione del lembo, 
il contorno del blocco è stato delimitato con 
uno strumento piezoelettrico (Easy Surgery, 
BioSAF IN S.r.l., Ancona, Italia). Una vol-
ta osteotomizzati completamente i margini, 
il frammento è stato mobilizzato e staccato 

mediante scalpelli di differente angolazione.
Il sito ricevente è stato esposto tramite un’in-
cisione a tutto spessore e ribaltamento di un 
lembo mucoperiosteo, e i blocchi di osso so-
no stati sagomati secondo la morfologia e le 
dimensioni del difetto. L’osso corticale dei si-
ti riceventi è stato perforato con una fresa 
rotante di 1 mm di diametro per aumenta-
re l’apporto sanguigno dai vasi endossei e 
i blocchi d’osso sono stati fissati con viti da 
osteosintesi di 1,5-2 mm di diametro per ri-
costruire la cresta alveolare.
Tutte le intercapedini tra i blocchetti d’osso 
e il sito ricevente sono state riempite con os-
so autologo particolato. 
La chiusura dell’accesso chirurgico è sta-
ta ottenuta dopo un’incisione di rilascio pe-
riostale di entrambi i lembi mucoperiostei, 
buccale e linguale, con suture 3-0. Il proto-
collo farmacologico post-operatorio preve-
deva per tutti i pazienti, la somministrazio-
ne di un antibiotico (ceftriaxone, 2g/die per 
10 giorni), un antiinfiammatorio non steroi-
deo (ketoprofene, 400 mg/die per 10 giorni), 
un glucocorticoide (betametasone, 4mg/die 
per i primi due giorni, 2mg il terzo giorno) 
ed un antisettico locale (clorexidina 0,20% 
colluttorio 3 volte al giorno). Inoltre è stata 
prescritta a tutti i pazienti dieta morbida ed 
igiene orale scrupolosa. 
Terminata la prima fase chirurgica e rimos-
se le suture dopo circa 10 giorni, i pazien-
ti sono stati seguiti mensilmente con esami 
clinici e radiologici effettuati con radiografie 
periapicali della sede trattata. 
L’inserimento delle fixture è stato riman-
dato in tutti i pazienti; circa 4 mesi dopo 
l’intervento di prelievo, infatti, tutti i pa-
zienti sono stati sottoposti ad una seconda 
fase chirurgica per il posizionamento de-
gli impianti. In occasione del rientro chi-
rurgico, dall’osso rigenerato e interessato 
dall’inserimento degli impianti sono stati 
prelevati dei campioni bioptici mediante 
una fresa trephine di 3 mm di diametro 
e 8 mm di altezza, in modo da avere cam-
pioni significativi di osso rigenerato per 
tutti i pazienti. Mentre come precedente-
mente citato con il medesimo strumento è 
stata prelevata una carota ossea nel rien-
tro a 15 anni, dovendosi sottoporre la pa-
ziente a inserimento implantare in una se-
de adiacente. 
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analisi morfologica in microscopia 
ottica ed immunoistochimica
I campioni di tessuto osseo, fissati in una 
soluzione tamponata con fosfato di formali-
na 10% per 72 h, sono stati decalcificati in 
una soluzione di EDTA (MIELODEC kit, Bio- 
Optica, Milano), disidratati in soluzioni a 
concentrazione crescente di alcool e xilene 
e successivamente inclusi in paraffina. Sono 
state poi tagliate sezioni di 5 μm di spesso-
re, deparaffinate in xilene e successivamen-
te in concentrazioni decrescenti di alcoli e 
processate per la colorazione con ematossi-
lina-eosina e per l’analisi immunoistochimi-
ca. Al fine di mettere in evidenza le proteine, 
BSP2, Collagene I, VEGF, MAPK/ERK, iNOS, 
oggetto dello studio, le analisi immunoisto-
chimiche sono state eseguite su 5 sezioni di 
tessuto per ciascun campione sperimenta-
le, utilizzando il kit Ultravision LP Detection 
System HRP Polymer & DAB Plus Chromo-
gen (Lab Vision Thermo, CA, USA) seguendo 
le istruzione fornite dalla casa produttrice. 
Le sezioni sono state incubate con anticor-
pi monoclonali di topo anti BSP2, collage-
ne I, VEGF (Santa Cruz Biotechnology, San-
ta Cruz, CA,USA) con anticorpo policlonale 
di coniglio anti iNOS (Santa Cruz Biotech-
nology, Santa Cruz, CA,USA) e anticorpo po-
liclonale di coniglio anti MAPK/ERK (Cell 
Signalling Technology Inc., CA, USA). Il cro-
mogeno utilizzato per lo sviluppo della rea-
zione è stato il tetracloruro di 3,3-diamino-
benzidina (DAB), che ha fornito il prodotto 
di ossidazione insolubile, colorato in bru-
no-arancio e precipitante sul luogo di reazio-
ne. I nuclei sono stati contrastati con ema-
tossilina, e i preparati sono stati osservati al 
microscopio ottico sia per l’esame morfolo-
gico che immunoistochimico. I controlli ne-
gativi sono stati ottenuti omettendo l’utiliz-
zo degli anticorpi primari. Le sezioni sono 
state osservate per mezzo di microscopio ot-
tico Leica DN 4000 (Leica Cambridge Ltd, 
Cambridge, UK) dotato di una videocamera 
Leica DFC 320 (Leica Cambridge Ltd, Cam-
bridge, UK) per l’ottenimento di immagini 
computerizzate. 

Misurazione morfometrica 
computerizzata ed analisi di immagine
Dopo la digitalizzazione delle immagini de-
rivanti dalle analisi immunoistochimiche, 

è stato utilizzato il software di analisi d’im-
magine QWin Plus 3.5 (Leica Cambridge 
Ltd, Cambridge, UK) per valutare l’espres-
sione di TGF̀1, OPG, RANKL, VEGF, BmP2, 
collagene, MAPK/ERK, iNOS. L’analisi 
dell’espressione proteica è stata effettuata 
attraverso la quantificazione delle aree colo-
rate in marrone in dieci campi acquisiti ca-
sualmente per ciascuna sezione di ciascun 
punto sperimentale. I dati ottenuti median-
te il software QWin sono stati registrati in 
fogli dati Microsoft Excel e trattati per le de-
viazioni standard e gli istogrammi. La signi-
ficatività statistica dei risultati è stata valu-
tata mediante il Wilcoxon, Mann–Whitney 
Test, usando il software di analisi statistica 
R Software, versione 2.12.1 per Mac, ed im-
postando come livello di significatività con 
p = 0,05. 

riSultati

Il posizionamento di un innesto di tessuto 
osseo, volto ad incrementare il volume del-
la cresta residua, induce una reazione nel si-

to ricevente. Tale risposta, indipendente dal-
la natura del sito donatore, presenta alcuni 
caratteri comuni al processo infiammatorio 
(iperemia, vasodilatazione). In breve tem-
po, si assiste all’incorporazione dell’innesto, 
mediante il processo di angiogenesi e di co-
lonizzazione ad opera di cellule mesenchi-
mali e mediatori chimici. Successivamente 
queste cellule multipotenti iniziano a diffe-
renziarsi in senso osteogenico ed a prolife-
rare. A circa 4 settimane dall’intervento, da 
parte degli osteoblasti rimasti vitali nell’in-
nesto e da quelli derivati dalla differenzia-
zione delle cellule multipotenti, appongono 
nuovo tessuto osseo. Questo osso primario 
va incontro a maturazione, con formazione 
di tessuto osteoide e sistemi haversiani che 
ne determinano una struttura lamellare. Al-
la base di questi processi si instaurano dei 
meccanismi molecolari che ne regolano l’an-
damento. A tale proposito in questo studio 
sono stati analizzati i livelli di espressione di 
molecole strettamente coinvolte nel processo 
d’integrazione dell’innesto, quali BSP2, Col-
lagene I, VEGF, MAPK/ERK, iNOS. Le ana-

Fig. 1 Osservazione al microscopio ottico di campioni di tessuto osseo in sede di innesto (T0) e ottenuti 
dopo 4 (T1), 6 mesi (T2) e 15 anni (T3) dall’inserimento dell’innesto da siti rigenerati con osso autologo 
prelevato da calvaria. Colorazione: ematossilina-eosina. Ingrandimento: 20x – 40x.
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lisi sono state eseguite su campioni bioptici 
di tessuto osseo prelevato dai pazienti in oc-
casione del rientro chirurgico nel sito rige-
nerato avvenuto circa 4 mesi dopo il primo 
intervento, ossia al momento dell’inserimen-
to degli impianti, a 6 mesi cioè al momen-
to dell’esposizione delle viti, ed infine un ca-
so a 15 anni per inserimento implantare in 
sede adiacente. L’analisi morfologica è stata 
eseguita al microscopio ottico dopo colora-
zione con ematossilina-eosina, mette in evi-
denza nei campioni appartenenti al gruppo 
T1 (4 mesi), la presenza del tessuto osseo na-
tivo e delle nuove fibre di tessuto connettivo 
può essere facilmente identificata; infatti nei 
campioni T2 (6 mesi) si osserva una struttu-
ra per lo più compatta con vaste aree di ri-
modellamento in cui è possibile evidenziare 
la presenza di neoformazioni vasali. Inoltre 
sono presenti linee di saldatura con margi-
ne di riassorbimento e neoapposizione ossea 
tra il tessuto osseo preesistente e l’innesto. 
Nei campioni ottenuti invece a 15 anni cir-
ca dal momento dell’innesto (T3), l’osserva-
zione microscopica mette in luce un aspet-
to morfologico molto simile a quello dell’osso 
nativo, indice della formazione di osso corti-
cale con le stesse caratteristiche struttura-
li e biomolecolari di quello innestato. Infat-
ti L’analisi microscopica ha evidenziato che 
l’innesto ha assunto delle caratteristiche 
morfologiche molto simili all’osso nativo, co-
me si evince dalla scomparsa delle linee di 
saldatura. Tuttavia la cosa più interessante 
è che intorno al canale di Havers, sono po-
sizionate piccole cellule poligonali che ri-
cordano la morfologia degli osteoblasti, la-
sciando ipotizzare che non solo il campione 
risulta perfettamente integrato ma si po-
trebbe pensare che ci sia ancora apposizio-
ne ossea. L’analisi immunoistochimica con-
ferma i precedenti risultati. La BSP2 mostra 
un picco in T2 parallelamente all’espressio-
ne del VEGF, indice di attività di rimodella-
mento osseo e del potenziale neoangiogeni-
co del tessuto ospite. I livelli sono infatti più 
elevati in T1 e T2 rispetto al T0 e T3, tutto ciò 
è confermato dall’immagine dove vediamo 
la positività (colorazione marrone) in corri-
spondenza del tessuto connettivo immaturo 
disposto tra le lamelle ossee. Ricordando che 
il collagene anche dai risultati è emerso che 
ha un picco fisiologico a T0 per poi stabiliz-

Fig. 2 Analisi immunoistochimica dell’espressione di BSPII in campioni di tessuto osseo ottenuti in 
sede di innesto (T0), a 4 mesi (T1), a 6 mesi (T2) e a 15 anni (T3) dalla rigenerazione con innesto di osso 
autologo prelevato da calvaria. Ingrandimento 20x.

Fig. 3 Analisi immunoistochimica dell’espressione di VEGF in campioni di tessuto osseo ottenuti in sede di 
innesto (T0), a 4 mesi (T1), a 6 mesi (T2) e a 15 anni (T3) dalla rigenerazione con innesto di osso autologo 
prelevato da calvaria. Ingrandimento 20x.
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zarsi completamente. Questi dati molecolari 
supportano la tecnica di carico a 6 mesi di 
Branemark, infatti l’espressione di tali mole-
cole stimola sotto carico la corretta disposi-
zione dell’osso lamellare. Mentre l’ERK che 
abbiamo detto che il coordinatore tra l’osteo-
genesi e la neoangiogenesi quindi di vegf e 
BSP2 mostra anch’esso livelli più alti in T1 e 
soprattutto in T2 supportando appunto que-
sta ipotesi. La risposta infiammatoria risul-
ta un processo fondamentale per il processo 
d’integrazione e attecchimento del tessuto 
osseo innestato, infatti nelle fasi iniziali ma-
crofagi e cellule infiammatorie vengono ri-
chiamate in sede per contribuire in manie-
ra indiretta con la produzione di citochine 
e cellule proinfiammatorie e direttamente al 
riassorbimento della matrice del tessuto in-
nestato al fine di creare lo spazio fisico en-
tro cui possono svilupparsi nuove gemme 
vascolari, proliferare e quindi permettere 
la differenziazione in cellule mesenchima-
li. L’iNOS è la protagonista della fase infiam-
matoria ed è più alta in T1 proprio perché di-
mostra il picco di attività infiammatoria, che 
richiama in sede non solo macrofagi ma an-
che osteoblasti che la contrastano per dare il 
via alle fasi successive. (Figg. 1-5)

diScuSSione

Quindi alla luce di questi risultati possiamo 
dire che considerando i risultati dei campio-
ni soprattutto considerando quelli a 15 an-
ni, l’osso si presenta simile alla struttura 
dell’osso innestato quindi corticale, e pos-
siamo permetterci di affermare che l’osso a 
15 anni è perfettamente integrato e non solo 
parzialmente quindi all’interfaccia tra osso 
innestato e osso nativo, e non presenta quei 
fenomeni tipici dell’infiammazione: quindi 
la struttura ossea ha raggiunto il suo per-
fetto equilibrio come se l’intervento non ci 
fosse mai stato, inoltre è un osso vitale per-
ché nella sua struttura sono presenti anco-
ra osteoblasti, dotati di una minima attivi-
tà di neoapposizione ossea, intorno ai canali 
haversiani.

concluSione

I dati clinici insieme a quelli morfologici e 
molecolari permettono di affermare che gli 

Fig. 5 Analisi immunoistochimica dell’espressione di VEGF in campioni di tessuto osseo ottenuti in sede 
di innesto (T0), a 4 mesi (T1), 6 mesi (T2) e a 15 anni (T3) dalla rigenerazione con innesto di osso autologo 
prelevato da calvaria. Ingrandimento 20x.

Fig. 4 Analisi immunoistochimica di Erk1/2 in campioni di tessuto osseo ottenuti in sede di innesto (T0), 
a 4 mesi (T1), a 6 mesi (T2) e a 15 anni (T3) dalla rigenerazione con innesto di osso autologo prelevato da 
calvaria. Ingrandimento 20x.
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innesti di osso autologo, ed in particolare 
di calvaria, rappresentano il gold standard 
dei biomateriali utilizzabili per ottenere una 
predicibile rigenerazione nelle severe atro-
fie ossee. Si può affermare, infine, che que-
sto studio rappresenti un esempio di tran-
slational research, nella quale evidenze 
scientifiche obiettive costituiscono un au-
silio per il clinico nella scelta della terapia 
più congrua per una determinata alterazio-
ne patologica.

 
Aim of the work
Thus, basing on previously reported evidences the 
aim of this study was to evaluate the morphologi-
cal and molecular mechanisms characterizing the 
integration of autologous with calvaria bone grafts 
after 4 months (T1), 6 months (T2) and 15 years 
(T3) and the remodeling of the implant site. 

mAteriAls And methods
Three patients (45/65 yrs) were included: two 
needing oral bone rehabilitation through calvaria 
graft and implantsupported prosthesis, one nee-
ding implant insertion in the adjacent area to a si-
te regenerated with calvaria graft 15 yrs before. In 
the first two patients, bone samples were obtai-
ned from donor site (T0), from regenerated area 4 
months after grafting (T1), and 6 months after im-
plant insertion (T2). Moreover, a bone sample was 
obtained from a third patient, 15 yrs after grafting 
(T3).Morphostructural analysis and immunohisto-
chemical analysesof BSP2, osteogenic marker, 
Collagen I, organizer bone matrix, VEGF, angioge-
nic regulator, ERK 1/2, regulating both osteoge-
nic and angiogenic activity, and iNOS inflamma-
tory protein, expression were carried out.

results
T1 and T2 samples showthe presence of impor-
tant remodeling phenomena, with area of bone re-
sorption and apposition, together with new blood 
vessels formation. T3 sample shows morphologi-
cal features very close to native bone, as shown-
by the disappearance of welding lines. Howe-
ver, small polygonal cells resembling osteoblasts 
are closeto Havers channels.Immunohistochemi-
cal analyses showa drastic decrease of Collagen 
expression, in T1 and T2, stabilized in T3, inparal-
lel to BSP2 expression increase,which however is 
considerably reduced in T3. Moreover VEGF angio-

genic factor is increased in T2, with respect to T0, 
T1 and T3 which are quite similar. The highestlevel 
of ERK 1/2 is evidenced in T2 sample, basal levels 
of iNOS, related to inflammatory events is eviden-
ced in T0 and T3, with respect to T1.

ConClusions
This data, combined with clinical observations, 
suggest that the graft of extraoral source, is per-
fectly integrated after 15 years. Moreover, this 
is confirmed by the presence of polygonalcel-
ls around the Havers channels and by the trend 
through the years of BSP2, paralleled by VEGF and 
ERK 1/2 expression, suggesting that there is a re-
sidual new bone formation. Thus, autologous ex-
traoral bone grafts, in particular calvaria ones, 
seem particularly suitable as biomaterial for bone 
regeneration of extensive defects prior to a subse-
quent implant-supported prosthetic therapy. (1) 
(Tetè et al. 2013 Eur.J.Histochem. 57,60-65).
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Scopo del lAvoro 
Lo scopo di questo lavoro è stato valutare e confrontare i due 
possibili strumenti utilizzabili per le estrazioni di ottavi inclusi 
sia superiori che inferiori, confrontando il dolore, numero di 
compresse di ibuprofene assunte, trisma post operatorio ed il 
tempo impiegato.

MATeriAli e MeTodi 
Sono stati selezionati casi di difficoltà simile e seguiti dei rigidi 
criteri di inclusione ed esclusione è stato poi  confrontato il 
dolore , trisma, numero di compresse di ibuprofene assunte, e 
tempo impiegato con strumento rotante o piezoelettrico diffe-
renziando arcata superiore ed inferiore.

riSulTATi
Attraverso l’uso dello strumento piezoelettrico i valori raccolti 
per quanto riguarda trisma, dolore post operatorio e numero di 
compresse di ibuprofene assunte sono decisamente a favore 
dello strumento ultrasonico piezoelettrico. Solo per quanto 
riguarda la tempistica di intervento lo strumento rotante si è 
dimostrato nettamente più veloce.

concluSioni
Lo strumento piezoelettrico ormai in commercio da diversi anni 
ma sempre più efficiente si dimostra un valido ed ottimo stru-
mento alternativo al classico strumento rotante, assicurando 
un intervento più confortevole al paziente e con un decorso 
migliore. Da valutare l’uso dello strumento rotante in base al 
tipo di paziente al fine di ridurre quando possibile ed in sicurez-
za il tempo operativo.

In odontoiatria l’estrazione di ottavi inclusi è un 
intervento molto frequente. La conoscenza del 
corretto approccio chirurgico all’avulsione di 

un dente del giudizio è di fondamentale importanza; 
è sempre necessaria una scrupolosa pianificazione 
dell’intervento, unita alla valutazione di costi e benefi-
ci e alla scelta del tipo di lembo da scolpire per accede-
re all’area anatomica interessata.  
Oltre  alla parte clinica e chirurgica è bene ricorda-
re l’aspetto psicologico e doloroso del paziente, per il 
quale l’intervento si presenta strettamente correlato 
alla paura e alla preoccupazione per il  dolore intra e 
post intervento.  Per questo motivo abbiamo provve-
duto a valutare e confrontare due possibili strumen-
ti utilizzabili per le estrazioni di ottavi inclusi sia su-
periori che inferiori: strumenti rotanti classici come il 
manipolo dritto e strumento ultrasonico piezoelettri-
co. (Fig. 1-4) 

MATeriAli e MeTodi

Gli strumenti utilizzati sono stati i seguenti. 
Manipolo dritto Kavo INTRAmatic 10 CN:

  velocità di azionamento max. 40.000 giri/minuto
  trasmissione numero di giri 1:1
  marcatura 1 anello blu
  morsetto a pulsante Ø 1,6.

Possono essere utilizzate frese conformi alla norma 
DIN EN ISO 1797-1 tipo 3.
Piezoelettrico Biosafin Easy Surgery:

  tensione alimentazione 230V -50/60hz 

estrazioni terzi 
molari, strumento 
rotante, strumento 

piezoelettrico, dolore, 
ibuprofene 

third molar 
extraction, rotating 

instrument, 
piezoelectric 

instrument, pain, 
ibuprofen
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  potenza nominale 170VA
  vibrazione massima 200 micron
  frequenza di lavoro 22-38 Khz.

Il principio di funzionamento dello stru-
mento piezoelettrico è la trasduzione del-
la corrente alternata prodotta da un gene-
ratore e in seguito trasmessa al manipolo 
generando, per l’effetto piezoelettrico in-
verso, vibrazioni longitudinali e verticali 
la cui ampiezza varia secondo la frequen-
za e la potenza utilizzate. (Fig. 5) 
Nelle situazioni anatomiche in cui si deb-
ba eseguire un’osteotomia partendo dalla 
corticale, utilizzando strumenti rotanti, ri-
sulta evidente che la forza necessaria per 
sfruttare il “torque” nella struttura ossea 
più mineralizzata risulta improvvisamen-

te eccessiva nel passaggio alla spongio-
sa. In questa situazione, infatti, la notevo-
le pressione produce un’istantanea perdita 
di controllo dello strumento chirurgico, 
che può essere pericolosa in contiguità con 
strutture anatomiche delicate quali fasci 
vascolari o tessuto nervoso. Gli strumen-
ti motorizzati tradizionali, nel produrre 
l’azione di taglio, generano macrovibra-
zioni che a loro volta riducono la sicurez-
za chirurgica.
L’azione del taglio piezoelettrico è invece il 
risultato di microvibrazioni lineari di na-
tura ultrasonica, dell’ampiezza di soli 20-
60μm in senso longitudinale che consen-
tono il controllo del campo chirurgico in 
tutte le situazioni anatomiche.

Fig. 1 OPT pre intervento di avulsione elemento 48 (valido ai fini dello studio) con strumento piezoelettrico.

Fig. 3 Strumento piezoelettrico utilizzato.

Fig. 4 Terminale Piezoelettrico Biosafin Easy 
Surgery  - Manipolo dritto Kavo INTRAmatic 10 CN.

Fig. 5 Set terminali piezoelettrici.

Fig. 2 OPT di controllo e guarigione post avulsione a 3 mesi.
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Dividiamo le caratteristiche del taglio 
piezoelettrico in caratteristiche fisiche e 
cliniche.
Le caratteristiche fisiche del taglio sono:

  microvibrazione
  hammering action (effetto martello)
  effetto cavitazione
  taglio selettivo

Le microvibrazioni sviluppate dall’appa-
recchio piezoelettrico si trovano nel ran-
ge di vibrazione tra 27.000/29.500 Hz, ed a 
seconda del tipo d’inserto impiegato varia 
l’ampiezza di vibrazione sia sul piano oriz-
zontale 60/200μm sia sul piano verticale 
20/60 μm dell’inserto stesso.
Nello studio sono stati inclusi 20 pazienti 
con terzi molari inferiori inclusi e 20 con 
terzi molari superiori inclusi, i quali pre-
sentavano le seguenti caratteristiche:

  pazienti con età compresa tra 18 e 35 
anni

  pazienti in buona salute
  pazienti sia di sesso maschile che fem-
minile

  paziente senza stati infiammatori orali 
importanti in atto

  terzi molari inclusi o ad inclusione par-
ziale ossea in disodontiasi.

Inoltre sono stati presi in considerazione 
solo interventi di exeresi di terzo molare 
inferiore incluso o parzialmente, di simi-
le difficoltà, comprendenti osteotomia e 
odontotomia, quando necessaria e con un 
tempo di intervento per ciascuna avulsio-
ne che non differisse di più di 10 minuti 
in eccesso o in difetto dalla durata media 
di tutti gli interventi (25 minuti). La posi-
zione del terzo molare inferiore doveva es-
sere mesioverso e di simile difficoltà, in 
generale tutta la corona dell’ottavo si do-
veva trovare anteriormente al ramo man-
dibolare e presentare un piano occlusale 
compreso tra quello del settimo e la linea 
di giunzione amelo-cementizia del secon-
do molare.
I criteri di esclusione dei pazienti sono 
stati invece i seguenti: 

  pazienti con problematiche patologiche 
sistemiche 

  pazienti in terapia con farmaci anticoa-
gulanti e antiaggreganti

  pazienti in terapia con farmaci per 
ipertensione

  pazienti trapiantati
  pazienti con controindicazioni alla chi-
rurgia

  pazienti con controindicazioni alla 
somministrazione di ibuprofene  

  pazienti che presentavano pericorona-
riti acute al momento dell’intervento 

  pazienti che avevano assunto di recen-
te antinfiammatori. 

Tutti i pazienti sono stati informati del-
la natura dello studio e il consenso infor-
mato è stato ottenuto prima dello svolgersi 
dell’intervento.
Lo stesso protocollo terapeutico é stato ap-

plicato a entrambi i gruppi. (Tab. 1)
Ventiquattro ore dopo l’intervento chirur-
gico sono stati valutati in entrambi i grup-
pi tre parametri diversi: dolore soggetti-
vo, la tumefazione facciale e il serramento. 
Tuttavia a causa della poca precisione ri-
scontrata nella misurazione della tumefa-
zione il parametro è stato poi escluso dallo 
studio (dalla somma delle distanze tra-
go-pogonion, trago-commessura labiale, 
gonion commessura palpebrale).

  Trisma o serramento: il serramento po-
stoperatorio è stato ottenuto calcolando 
la differenza tra la massima apertura 

Fig. 6 Schede di 
protocollo comune 
consegnate ai pazienti 
dello studio.
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Tab. 1 Media dolori VAS e assunzione compresse Gruppo A. Tab. 2 Media dolori VAS e assunzione compresse Gruppo B. NB: compresse 
conteggiate esclusa la prima da 600mg somministrata dopo l’intervento.

della bocca prima e dopo l’atto chirurgi-
co. I punti di repere sono stati i margini 
incisali degli incisivi centrali superiori 
ed inferiori. Son state misurate le aper-
ture massime prima dell’intervento e 
dopo 24 ore.

  Valutazione del dolore attraverso la 
scala VAS precedentemente evidenzia-
ta. (Fig. 6)

riSultati

I risultati sono mostrati nelle tabelle 1 e 2 
e nelle figure 7 e 8.
Il tempo impiegato in media per l’interven-
to chirurgico è stato:
Gruppo A 

  superiore 27+/-5 minuti
  inferiore 32+/- 5  minuti

Gruppo B
   superiore 18+/-5 minuti
   inferiore   23+/- 5 minuti

La massima apertura della bocca prima 
dell’intervento chirurgico è stata in media 
di 44,4 mm nel gruppo A (osteotomia pie-
zoelettrica) e di 41,7 mm nel gruppo B (tec-
nica osteotomica rotante ad alta velocità). 
Dopo 24 ore l’escursione mandibolare si è 

Paziente Media dolore VAS N. Compresse nei 7 gg 
1 gruppo A Superiore 3 2
2 gruppo A Superiore 2 2
3 gruppo A Superiore 2 2
4 gruppo A Superiore 2 0
5 gruppo A Superiore 1 0
6 gruppo A Superiore 1 0
7 gruppo A Superiore 2 0
8 gruppo A Superiore 1 2
9 gruppo A Superiore 2 1
10 gruppo A Superiore 1 1
11 gruppo A Inferiore 2 1
12 gruppo A Inferiore 2 2
13 gruppo A Inferiore 2 1
14 gruppo A Inferiore 1 2
15 gruppo A Inferiore 3 2
16 gruppo A Inferiore 2 2
17 gruppo A Inferiore 2 1
18 gruppo A Inferiore 1 1
19 gruppo A Inferiore 2 1
20 gruppo A Inferiore 2 2

Paziente Media dolore VAS N. Compresse nei 7 gg 
1 gruppo A Superiore 2 3
2 gruppo A Superiore 3 4
3 gruppo A Superiore 2 4
4 gruppo A Superiore 2 4
5 gruppo A Superiore 3 3
6 gruppo A Superiore 3 2
7 gruppo A Superiore 4 2
8 gruppo A Superiore 4 2
9 gruppo A Superiore 3 0
10 gruppo A Superiore 2 1
11 gruppo A Inferiore 4 1
12 gruppo A Inferiore 4 2
13 gruppo A Inferiore 1 3
14 gruppo A Inferiore 3 4
15 gruppo A Inferiore 3 2
16 gruppo A Inferiore 3 4
17 gruppo A Inferiore 2 4
18 gruppo A Inferiore 3 3
19 gruppo A Inferiore 2 3
20 gruppo A Inferiore 5 4

Fig. 7 Grafico con dolore medio riferito dei gruppi A e B in rapporto ad arcata inferiore o 
superiore.
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venti di distrazione ossea eseguiti con tec-
nica osteotomia piezoelettrica, rispetto a 
quelli in cui l’osteotomia era stata eseguita 
con tecnica rotante tradizionale. Al contra-
rio Sortino et al., in uno studio prospettico 
Sortino F, Pedulla E, Masoli V. The piezoe-
lectric and rotatory osteotomy technique 
in impacted third molar surgery: compa-
rison of postoperative recovery. J Oral Ma-
xillofac Surg 2008;66 (12):2444–8.],  han-
no mostrato una riduzione del serramento 
e della tumefazione facciale dopo estrazio-
ne di terzi molari inferiori inclusi, trattati 
con tecnica osteotomia piezoelettrica, piut-
tosto che con osteotomia mediante tecnica 
rotante. Anche Crippa et al. hanno riporta-
to minore dolore postoperatorio, specie do-
po 1 e 3 giorni, a seguito di mastoidectomie 

ridotta in media a 31,7 mm nel gruppo A e 
a 24,4 mm nel gruppo B. (Fig. 9-10, tab. 3)

indagini diagnostiche
Per la valutazione dell’area da trattare e 
l’identificazione della posizione dei ter-
zi molari inferiore si è fatto ricorso all’or-
topantomografia (OPT) e al dental scan 
(TAC), tramite le quali sono stati quindi 
selezionati interventi si simili entità.

diScuSSione

La chirurgia piezoelettrica fu introdotta 
in odontoiatria nel corso del 1970, quando  
Horton et al. [17  Horton JE, Tarpley Jr TM, 
Wood LD. The healing of surgical defects in 
alveolar bone produced with ultrasonic in-
strumentation, chisel, and rotary bur. Oral 
Surg Oral Med Oral Pathol 1975;39(4):536–
46.]  indagarono il processo di guarigio-
ne di siti chirurgici su animali, esami-
nando gli aspetti clinici e istologici di tre 
tecniche osteotomiche: scalpello, strumen-
ti a ultrasuoni e fresa montata su manipo-
lo a bassa velocità. L’obiettivo era analizza-
re istologicamente i siti operati durante il 
decorso postoperatorio a 1, 3, 7, 14, 28, 56 
e 90 giorni. Questi autori osservarono che 
il processo di guarigione può essere consi-
derato simile per le tecniche osteotomiche 
con strumenti a ultrasuoni o con scalpel-
lo; tuttavia, fu riscontrata una guarigione 
peggiore del tessuto osseo nei siti trattati 
con la fresa, ove si apprezzavano degene-
razione degli elementi cellulari lungo i bor-
di dell’osteotomia, persistenza di tessuto 
fibrovascolare e ridotta reattività di osteo-
blasti e osteoclasti. La chirurgia piezoelet-
trica è stata rivalutata definitivamente alla 
fine degli anni ottanta e oggi è considerata 
una valida tecnica alternativa per la chirur-
gia ossea orale e maxillo-facciale, in quanto 
produce minori complicanze post operato-
rie. Pochi, e contrastanti nei risultati, sono 
gli studi presenti in letteratura che hanno 
ricercato una relazione tra le sequele post 
operatorie e il tipo di tecnica osteotomica 
utilizzata nella chirurgia di terzi molari in-
feriori inclusi. Gonzalez-Garcıa et al.  han-
no riscontrato un aumento delle complica-
zioni post operatorie, e una riduzione della 
percentuale totale di successo, dopo inter-
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Fig. 9 Analisi del il trisma post intervento tramite misura intercisale nei vari gruppi.

Tab. 3 Valori medi.

Fig. 10 Differenza apertura bocca pre e post 
intervento.

Gruppo Pre intervento Dopo 24h Differenza

Gruppo A inferiore 44,4mm 31,7mm 12,7mm

Gruppo A superiore 44,4mm 39,2mm 5,2mm

Gruppo B inferiore 41,7mm 24,4mm 17,3 mm

Gruppo B superiore 41,7mm 31,2mm 10,5mm

12,7

17,3

5,2

superiori

gruppo A gruppo B

inferiori

Di�erenza apertura bocca
pre e post intervento (mm)

10,5
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concluSioni

La chirurgia piezoelettrica, rispetto al-
la tecnica osteotomica rotante ad alta ve-
locità, riduce le complicanze post operato-
rie nella chirurgia dei terzi molari inclusi, 
nello specifico rende più sicuro l’interven-
to per quanto riguarda gli ottavi inferiori 
preservando il nervo mandibolare ed evi-
tando possibili lesioni. Inoltre il minor 
traumatismo consente al paziente un peri-
odo post operatorio più confortevole con as-
sunzioni ridotte di farmaci antidolorifici.
Per la valutazione della tumefazione fac-
ciale è stato complesso e difficile da mi-
surare nonostante i punti di repere, per 
questo motivo al fine di avere dati reali e 
precisi si è preferito dopo i primi casi di 
non tenere in considerazione questo dato 
di misurazione. 
Il serramento quindi il trisma invece è sta-
to un semplice ed efficace metodo di valu-
tazione per lo studio.
In conclusione da questa analisi è possi-
bile evincere che il trattamento con stru-
mento piezoelettrico migliora il decorso 
post operatorio del paziente in termini di 
dolore e trisma, inoltre si ha sempre la si-
curezza di operare con una selettività pre-
cisa ed affidabile dello strumento.

Aim of work
Aim of the work
Aim of this study is valuate the differences 
between rotating and piezoelectric instruments 
used for upper and lower third molars extraction, 
in terms of pain, pills of ibuprofene,post surgical 
lockjaw and time.

mAteriAls And methods
Same cases of impacted third molars, in terms of 
difficulty, have been selected for upper and lower 
jaw. After the extraction have been compared 
pain, number of ibuprofene pills and time spent 
on surgery using rogating instruments or piezoe-
lectric ones.

results
According with the data analized in this study, we 
had great improvements in terms of pain, num-
ber of pills and lockjaw using piezoelectric instru-
ments. The only one improvement using rotating 
instruments is time spent on surgery.

ConClusions
Piezoelectric instruments are the better choise for 
the surgeon because they result less aggressive 
and more confortable than rotating instruments, 
which are to choose when clinical conditions al-
low surgeon to spend less time.

eseguite mediante piezochirurgia, rispetto 
a quelle effettuate con tecnica rotante con 
microfrese. Istologicamente, in uno studio 
su maiali, Romeo et al. hanno mostrato che 
l’osteotomia eseguita con tecnica piezoelet-
trica produce minori segni d’insulto termi-
co ai margini delle biopsie ossee, rispetto a 
quelle eseguite con tecnica rotante ad alta o 
anche a bassa velocità. In questo studio so-
no state confrontate le sequele postoperato-
rie dopo chirurgia di terzi molari inferiori 
inclusi, eseguita con tecnica piezoelettrica 
oppure osteotomica rotante con fresa e ma-
nipolo ad alta velocità, applicando i medesi-
mi protocolli chirurgici e metodi di misura-
zione in entrambi i gruppi esaminati.
L’estrazione di terzi molari inferiori inclu-
si è un intervento frequente in chirurgia 
orale, tuttavia spesso comporta fastidiose 
complicanze post operatorie per il pazien-
te, quali la tumefazione facciale e il serra-
mento mandibolare. I risultati di questo 
studio prospettico mostrano che l’osteo-
tomia piezoelettrica riduce la tumefazio-
ne facciale e il serramento postoperatori, 
anche se aumenta la durata dell’interven-
to chirurgico. Tuttavia, quest’ultimo effet-
to può essere considerato meno rilevante 
se confrontato con la riduzione delle com-
plicanze postoperatorie.
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Objectives. The aim of this clinical study was to evaluate a new type of prefabricated bar system, supported by axial and tilted
implants at 5-year follow-up. Materials and Methods. Twenty-nine consecutive participants (19 females, 10 males) (mean age 61.4
years), edentulous in one or both jaws, with severe atrophy of the posterior regions, were treated according to the All-on-four�
protocol with immediately loaded axial (64) and tilted (64) implants supporting complete-arch screw-retained prostheses (12
maxillary, 20 mandibular) featuring a prefabricated bar as framework. Follow-up visits were performed at 3, 6, 12, 24, 48, and
60 months after implant insertion. Radiographic assessments were made using panoramic radiographs obtained immediately after
surgery and at each follow-up visit. Bone level measurements around the axial and tilted implants were compared by means of
the Student’s 𝑡𝑡-test. Results. One axial implant failed in the lower jaw and did not compromise prosthetic function. The 60-month
overall implant survival rate was 100% for axially positioned implants and 98.44% for tilted implants. The implant survival rates
were 100% in the maxilla and 98.75% in the mandible. None of the 32 fixed prostheses were lost during the observation period,
representing a prosthetic survival rate of 100%.No statistically significant differences (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) inmarginal bone loss between tilted
and axial implants were detected in either jaw over time. Conclusions. The use of the evaluated prefabricated bar for immediately
loaded implants placed according to the All-on-four concept may significantly reduce implant failures; however, more long-term
prospective clinical trials are needed to affirm the effectiveness of the surgical-prosthetic protocol.

1. Introduction

Clinical implant dentistry is oriented to low cost treatments
using simple protocols that are well supported by scientific
data, while providing immediate function through immedi-
ate restoration and loading of dental implants [1–4].

The All-on-four concept that employs tilted implants
to restore edentulous patients has been proposed as an
alternative to bone augmentation procedures [5].

The placement of four implants, two implants tilted
posteriorly and two vertical implants in the anterior region,
allows for avoiding bone augmentation procedures when
rehabilitating a completely edentulous jaw with minimal
bone volume [6].Thedevelopment to tilting of fewer implants

has been encouraged by the results from implant load
analyses, demonstrating that four implants are enough for
complete-arch prosthesis [7, 8].

Longer implants may be optimally placed in areas with
good cortical anchorage to increase prosthetic support and
reduce the length of the cantilever.This procedure supported
a simpler, less expensive, and less time-consuming treatment
compared to maxillary sinus lift or bone grafts [9, 10].

Krekmanov et al. treated forty-seven consecutive patients
with implants placed in tilted positions: the cumulative
success rates in the maxilla at 5 years were 98% for tilted
implants and 93% for nontilted implants [11].

Analysis of the load distribution in one mandibular
case showed no significant difference between tilted and the

Hindawi
BioMed Research International
Volume 2018, Article ID 7352125, 7 pages
https://doi.org/10.1155/2018/7352125



185

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2018

2 BioMed Research International

nontilted implants, and the improved prosthesis support was
confirmed. The immediate loading of tilted implants with
a provisional restoration has been proposed as a simpler,
more predictable, less expensive, and less time-consuming
treatment of the atrophicmaxilla [12]. However a passive fit of
the framework plays a key role in splinting and loading non-
parallel implants. Tensile, compressive, and bending forces
may be dangerous for the osseointegration process and/or
result in failure of the components [13].

Soldering or laser welding procedures are often needed to
compensate loss of accuracy due to clinical/laboratory errors
and achieve the appropriate adaptation of the framework.
Using prefabricated parts to assemble prosthetic frameworks,
such as bars, could be useful in reducing material distortion,
chair time, and the high costs of fabrication. Therefore the
aim of this clinical study was to evaluate the use of a
prefabricated bar system for immediately loaded implants in
patients rehabilitated according to the All-on-four concept
with up to 5 years’ follow-up.

2. Materials and Methods

2.1. Patient Selection. This prospective longitudinal study
was performed at the Department of Dentistry, San Raffaele
Hospital, Milan, Italy. Between March 2011 and March 2012,
29 participants (19 women, 10 men), aged between 41 and 72
years (mean age 61.4) were consecutively treated according to
the All-on-four protocol with immediately loaded axial (64)
and tilted (64) implants supporting complete-arch screw-
retained prostheses (12 maxillary, 20 mandibular). Four
patients were treated with both maxilla and mandibular
prosthetic rehabilitation.

The investigation was conducted according to the tenets
of the Helsinki Declaration and followed STROBE (Strength-
ening the Reporting of Observational Studies in Epidemi-
ology) guidelines (https://www.strobe-statement.org). The
study was approved by the appropriate ethics committees
related to the institution in which it was performed and writ-
ten informed consent was obtained from each participant.
The following inclusion criteria were adopted: all patients
were in good health, patients had to be edentulous (in one or
both jaws) or they had to have a few hopeless teeth, severe
atrophy of the mandible or maxilla in posterior regions.
Exclusion criteria were the presence of any active infection
or severe inflammation in the areas intended for implant
placement, presence of chronic systemic disease, any inter-
fering medication such as steroid therapy or bisphosphonate
therapy, radiation therapy to head or neck region within 5
years, smoking more than 15 cigarettes, bruxism habits, and
poor oral hygiene.

The diagnosis was made clinically and radiographically
(preoperative panoramic radiograph and CT scan) (Fig-
ure 1). Study casts were obtained from jaw impressions of
the patients and mounted on articulators. For edentulous
patients, new removable prostheses were fabricated in order
to restore optimal occlusal vertical dimension, mandibular
position, and occlusal planes. The new prostheses were
duplicated and used as radiographic templates during the

Figure 1: A preoperative panoramic radiograph.

Table 1: Implant diameters and lengths for maxilla and mandible
(maxilla 𝑛𝑛 = implant = 48; mandible 𝑛𝑛 = implant = 80).

Length
13mm Length 15mm

Maxilla 𝑛𝑛 𝑛 𝑛𝑛
Upright
𝑛𝑛 𝑛 𝑛𝑛

Diameter 4.5 mm 10 0
Diameter 3.8 mm 14 0

Tilted
𝑛𝑛 𝑛 𝑛𝑛

Diameter 4.5 mm 12 12
Diameter 3.8 mm 0 0

Mandible 𝑛𝑛 𝑛 𝑛𝑛
Upright 𝑛𝑛 𝑛 𝑛𝑛 Diameter 4.5 mm 4 10

Diameter 3.8 mm 8 18
Tilted
𝑛𝑛 𝑛 𝑛𝑛

Diameter 4.5 mm 18 14
Diameter 3.8 mm 4 4

CT exams. The bone volume was accurately assessed for a
safe and prosthetically driven implant placement. All patients
gave their written informed consent for immediate implant
loading.

2.2. Surgical Procedure. One hour prior to surgery the
patients received 2 g amoxicillin (Zimox, Pfizer Italia, Latina,
Italy) and 1 g twice a day for a week after surgical procedure.
Surgery was performed under anesthesia induced by local
infiltrations of optocain solution with adrenaline 1 : 80.000
(AstraZeneca, Milan, Italy).

In edentulous mandibles, incisions were made on top of
the alveolar crest, from the first molar on one side to the
first molar on the contralateral side with bilateral releasing
incisions. Subperiosteal dissection on the lingual and vestibu-
lar surfaces was carried out and mental foramina were sited.
Themost posterior implants were placed close to the anterior
wall of the mental loop and were tilted distally about 25–30
degrees relative to the occlusal plane. The posterior implants,
which were 4.5mm in diameter and 15 or 13mm in length,
typically emerged at the second premolar position. Anterior
implants were either 4.5 or 3.8mm in diameter and 13mm
in length (Winsix, Biosafin, Ancona, Italy) (Table 1). After
placement of the posterior implants bilaterally, additional
implants were placed in the anterior space.

In some cases tooth extractions were carried out and,
when necessary, bone shaping was performed with a round
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Figure 2: Implant site preparations assisted by a customized surgical
guide.

bur to level the bone crest and, to achieve crestal position-
ing, bone recontouring was performed distal to the angled
implants.

In edentulous maxillary patients, incisions were made on
the alveolar crest from the first molar on one side to the
first molar on the contralateral side with bilateral releasing
incisions. Subperiosteal dissection was carried out. The most
posterior implant was placed close to and parallel with the
anterior sinus wall. Thus, this implant was tilted distally
approximately 25 to 30 degrees. The lower corner of the
implant neck was positioned at bone level (Figure 2).

Then the placement of implants in the anterior part of the
maxilla was performed, and the implant neck was positioned
at bone level.The posterior implants were 4.5mm in diameter
and 15 or 13mm in length, and the anterior implants were
either 4.5 or 3.8mm indiameter and 13mm in length (Winsix,
Biosafin, Ancona, Italy) (Table 1).

Underpreparation was performed in soft bone to obtain
high primary stability. The implant in immediate function
had a final insertion torque ranging between 30 and 40N/cm.
Angulated abutments (Extreme Abutment, EA� Winsix,
Biosafin, Ancona, Italy) for anterior implants were set at 17∘
and those for posterior implants at 30∘ to compensate for the
lack of parallelism between implants as well as to place the
prosthetic screw-access holes in an occlusal or lingual loca-
tion. The angulated abutments were tightened with 25N/cm
of torque. Flap adaptation and suturing were performed in
the usual manner with 4–0 nonresorbable suture (Vicryl;
Ethicon, Johnson & Johnson, New Brunswick, NJ, USA).

Nonsteroidal anti-inflammatory drugs (Brufen 600mg,
Abbott Laboratories, Chicago, IL, USA) and chlorhexidine
digluconate 0.2% mouthwash during the first 2 weeks after
surgery were prescribed as postoperative care for all partici-
pants.

2.3. Prosthetic Protocol. After surgery straight cylinders (AT,
WINSIX; BiosafIn) were screwed onto the angulated abut-
ment. The interimplant distance was measured (Figure 3(a)).
Three bar tubes were shortened to the optimal lengths using
the specific cutter bar device and a splitter disk [14]. Two bar
joints (CF and CM, WINSIX; BiosafIn) were inserted into
the end of each tube in order to connect the whole structure
to the cylinders (Figure 3(b)). The height of the cylinders
was chosen to make the bar parallel to the occlusal plane.
All the joints were connected to the cylinders and fixed by

means of resin cements. No soldering was performed; the
universal nature of the ball joint allows the tube bar to be
located in the horizontal plane in a truly stress free alignment
[15]. The prostheses were provided with four large openings
according to planned cylinder emergence.Thepassive seating
and the occlusal relationship of the removable prostheses
were checked (Figure 4). The bar system was attached to the
denture with self-curing acrylic resin.

After polymerization, the prostheses with the incorpo-
rated bar system were removed from the implants and
retention, marginal precision, and stability were improved
by resin addition around the collar of the cylinders (Figures
5(a) and 5(b)). Screw-retained full-arch temporary prostheses
were placed (Figure 6).

Cantilevers were extended to the first molar regions and
in three cases only to second premolar. Articulating paper
(Bausch Articulating Paper, Nashua, NH, USA) was used to
check the occlusion and adjust it, if necessary. Static occlusion
consisted of central contacts established on all masticatory
units. Dynamic occlusion included canine/premolar guid-
ance, regardless of the opposite arch settings. Screw-access
holes were covered with provisional resin (Fermit, Ivoclar
Vivadent, Naturno, Bolzano, Italy). Fifteen days after prosthe-
sis delivery, a final occlusal adjustment was performed.

All patients followed a soft/liquid diet for 2 months (the
bread consistency varied).

After 4 months from implant positioning, 32 definitive
prostheses were placed (Figure 7).

2.4. Follow-Up. Follow-up visits were performed by a dental
hygienist, trained for clinical studies, and calibrated at 3,
6, 12, 24, 36, 48, and 60 months after implant insertion.
Success criteria for implant survival were presence of implant
stability, absence of radiolucent zone around the implants,
no mucosal suppuration, and no pain. Restoration success
was defined as the absence of fractures of the acrylic resin
superstructure. Implant survival was defined as the absence
of implant mobility, swelling, or pain in the surgical site at
the time of examination.

Implant success was defined as implant survival plus
marginal bone loss of less than 1.5mm after 1 year of loading
and no more than 0.2mm of loss between each follow-up
appointment after the first year of function.

2.5. Radiographic Examination. Radiographic assessments
were made using panoramic radiographs obtained immedi-
ately after surgery and at each follow-up visit (Figure 8). Bone
level measurements were performed on the mesial and distal
aspect of each implant, using the implant-abutment junction
as a reference point.

To adjust for dimensional distortion and enlargement on
the radiographs, the actual sizes of the implants were com-
pared to themeasured implant dimensions on the radiograph
[1, 15]. A radiologist twice measured the changes in marginal
bone height over time: the reference points were marked
and the lines were measured on the screen interactively (the
numeric value of measurements was reported by software)
(CDR, Schick Technologies, Long Island City, NY, USA).The
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Figure 3: Each tube was shortened at the correct implant distance (a) and connected to adapters by using two dedicated bar joints in order
to develop the whole bar structure (b).

Figure 4: Passive seating and occlusal relationship of the remov-
able prostheses were checked. Removable prostheses were released
in correspondence with the expected bar volume. The contacts
between the prostheses and the mucosal regions, which were not
involved in the surgical procedures, were used as anatomical pre-
and postsurgical landmarks to avoid variations in the occlusal
relationships previously achieved. Four large openings were made
according to planned cylinder emergence.

implant length (a knowndimension)was used for calibration.
The radiographicmeasurements were compared to the values
obtained immediately after surgery.

2.6. Statistical Analysis. A dedicated software (SPSS 11.5.0,
SPSS, Chicago, IL, USA) was used for all statistical analy-
ses. Sample size calculation was performed before patients
recruitment. Bone level measurements were reported as
means ± standard deviations at 6, 12, and 60 months. Bone
loss around the upright and tilted implants was compared by
means of the Student’s 𝑡𝑡-test at a significance level of𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃.

3. Results

In the first four months after implant placement, one implant
failed (one mandibular), as a result of painfulness (Table 2).
The failed implant was axial and did not compromise pros-
thetic function. An implant of the same length and larger
diameter was immediately placed and left unloaded until a
new definitive prosthesis was completed and inserted.

The 5-year overall implant survival rate was 100% for
axially positioned implants and 98.44% for tilted implants.

Table 2: Failure table for upright and tilted implants (maxilla 𝑛𝑛 =
implant = 48; mandible 𝑛𝑛 = implant = 80).

Placed Failed Survival (%)
Maxilla 𝑛𝑛 𝑃 𝑛𝑛

Upright 24 0 100
Tilted 24 0 100

Mandible 𝑛𝑛 𝑃 𝑛𝑃
Upright 40 1 97.50
Tilted 40 0 100

The implant survival rates were 100% in the maxilla and
98.75% in the mandible.

None of the 32 fixed prostheses were lost during the
observation period, representing a prosthetic survival rate of
100%. Occlusal screw loosening, was observed in 3.03% of
cases (4 implants) within 6 months of follow-up.

Radiographic results are reported in Table 3. At the 60-
month evaluation, peri-implant crestal bone loss averaged
1𝑃𝑃𝑛 ± 𝑃𝑃𝑛𝑃mm for upright maxillary implants (𝑛𝑛 𝑃 𝑛𝑛
implants) and 1𝑃𝑃𝑛 ± 𝑃𝑃67mm for tilted maxillary implants
(𝑛𝑛 𝑃 𝑛𝑛 implants) (Table 3). In the mandible, a mean
peri-implant crestal bone loss of 1𝑃𝑃𝑛 ± 𝑃𝑃61mm for upright
implants (𝑛𝑛 𝑃 𝑛𝑃) and 1𝑃𝑃9 ± 𝑃𝑃𝑃6mm for tilted implants
(𝑛𝑛 𝑃 𝑛𝑃) was found (Table 3).

No statistically significant differences (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) in crestal
bone loss between tilted and upright implants were detected
at 6-, 12-, and 60-month follow-up evaluation in either jaw.

4. Discussion

The data from the present prospective study have shown
encouraging clinical results as a means of restoring edentu-
lous jaws with immediately loaded full-arch fixed prostheses
supported by a prefabricated bar system and screwed onto
two anterior axial implants and two distal tilted implants.

One loaded implant was lost, and the prosthesis survived
on the remaining three implants until the replacement
implant was loaded. The use of three loaded implants allows
for the failure of one implant without failure of the prosthesis.
The failed implant was inserted with a torque of at least
40Ncm.
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Figure 5: The bar was attached to the denture with self-curing acrylic resin and marginal precision was improved by resin addition around
the collar of the adapters ((a) crestal view, (b) occlusal view).

Table 3: Crestal bone loss values (mean ± SD) for maxillary and mandibular tilted and upright implants (maxilla 𝑛𝑛 = implant = 48; mandible
𝑛𝑛 = implant = 80).

Bone Loss Upright Tilted
Maxilla 𝑛𝑛 𝑛 𝑛𝑛 Mandible 𝑛𝑛 𝑛 𝑛𝑛 Maxilla 𝑛𝑛 𝑛 𝑛𝑛 Mandible 𝑛𝑛 𝑛 𝑛𝑛

6 months (mm) 𝑛.99 ± 𝑛.𝑛3 𝑛.97 ± 𝑛.31 1.𝑛𝑛 ± 𝑛.3𝑛 1.𝑛1 ± 𝑛.𝑛7
12 months (mm) 1.𝑛3 ± 𝑛.33 1.𝑛5 ± 𝑛.𝑛𝑛 1.𝑛6 ± 𝑛.5𝑛 1.𝑛8 ± 𝑛.𝑛1
60 months (mm) 1.𝑛8 ± 𝑛.𝑛5 1.𝑛𝑛 ± 𝑛.61 1.𝑛𝑛 ± 𝑛.67 1.𝑛9 ± 𝑛.56

Figure 6: Provisional screw-retained bar-reinforced acrylic resin
prosthesis delivery. Frontal view.

Figure 7: Definitive screw-retained full-arch restoration at 60-
month follow-up.

In the current study, radiographs demonstrated that the
bone resorption pattern for posterior, angulated implants
was similar on the mesial and distal surfaces. This was in
agreement with the findings of other studies [8–10, 16–18].

No statistically significant differences (𝑃𝑃 𝑃 𝑛.𝑛5) in
crestal bone loss between tilted and upright implants were

Figure 8: Panoramic radiograph at 60-month follow-up.

detected at 6- and 12-month follow-up evaluation in either
jaw, and this is also consistent with other data found in
the literature, confirming that tilted implants may achieve
the same outcome as implants placed in an upright position
[6, 16]. This positive result is associated with biomechan-
ical advantages, since in this protocol implants are placed
in strategic positions from a load-sharing point of view.
Placement of the 2 well-anchored posterior tilted implants
together with the anterior upright implants can provide a
predictable foundation for an implant-supported prosthesis.
This surgical-prosthetic procedure also seems to validate
the reduced length of the prostheses cantilevered segments.
Implant placement and orientation provided effective cross-
arch stabilization without the need for bone grafting pro-
cedures. Excluding maxillary sinus bone grafts resulted in
significantly less morbidity and dramatically decreased the
financial costs associated with those procedures.

This treatment protocol allows the implant rehabilitation
to be simplified and shortened for both the patient and the
clinical team.The postsurgical period ismore comfortable for
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patients since they have been utilizing their fixed prosthesis
from the first day [9].

The immediate creation of the temporary restoration
with a simple and repeatable prosthetic protocol represents
a major advantage for patients, providing less expensive and
less time-consuming treatments [10].

Traditional laboratory procedures such as soldering and
welding may give rise to errors and increase in cost; fur-
thermore, several bar framework material, such as gold
alloy, silver-palladium alloy, commercially pure titanium,
and cobalt-chromium alloy transfer significant stress to the
supporting peri-implant tissues [19].

The key of prefabricated precision-milled components is
that the framework is assembled without the use of soldering,
laser welding, or conventional bonding techniques, thus
reducing stress transmission to bone around the implants.

There is no casting, soldering, laser welding, or bonding
of components when fabricating the definitive bar.This, com-
bined with the universal ball joint nature of the components,
ensures a true passive fit when the bar is assembled and
seated.

No laboratory time is required to fabricate the bar and
there are no gold-alloy charges. Clinically, there is no need
for the bar sections to be soldered in an attempt to achieve
passive fit—a step that may need repeating—as with the
conventional method. The prefabricated bar is relatively
inexpensive compared with conventional gold castings and
CAD/CAM options.

Precision-milled components provide an improved qual-
ity of fit. The physical and mechanical properties of the com-
ponent materials can be controlled accurately, which is diffi-
cult to achieve with conventional casting methods [14]. The
passive-fit bar assembly can result in greatly reduced stress
transmission to the supporting implants [14]. Studies have
demonstrated that this is also a viable treatment option for
immediate-loading situations in the mandible, provided that
the implants achieved insertion torques exceeding 50Ncm
approximately [20].

A clinical study [21] evaluated initial, 4-month, and 1-
year stability of immediately loaded dental implants inserted
according to a protocol of lower rehabilitation with prefabri-
cated bars. Immediately after implant installation, resonance
frequency analysis (RFA) for each implant was registered as
well as after 4 months and 1 year with the prosthetic bar
removed as it is a screwed system. The analysis of variance
showed a statistically significant result (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) among
implant stability quotient values for the different periods
evaluated. Tukey test results showed statistically significant
differences between 1-year results and the initial periods but
there was no statistically significant difference between initial
and 4-month results (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃).

Prefabricated bars were compared to custom-made bars
used for implant-retainedmandibular complete overdentures
[22]. All patients were evaluated clinically and radiographi-
cally immediately after overdenture delivery and after 6, 12,
and 18 months.

There was more pronounced bone resorption in cast bar
group more than the prefabricated bar group and minimal
marginal bone loss in the group treated with prefabricated

bar. The prefabricated bar overdentures showed less bone
resorption distal to the implants in comparison with the
cast bar implant-retained overdentures. The prefabricated
bar implant-retained overdenture showed low significant
reduction in the bone height after 1 year, and a very highly
significant reduction after 18 months.

5. Conclusions

Data and results of this clinical study demonstrated high
success rates and a low number of complications.

Theuse of the evaluated prefabricated bar for immediately
loaded implants placed according to the All-on-four concept
may significantly reduce implant failures; however, more
long-term prospective clinical trials are needed to affirm
the effectiveness of the surgical-prosthetic protocol especially
performed in various clinical centers from different clini-
cians.
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ABSTRACT

Aim The purpose of this study is to evaluate the success of 
implant prosthetic rehabilitation “All on four” in HIV positive 
patients.
Materials and Methods HIV-positive patients under a strict 
medical control with edentulous mandible and/or maxilla, were 
enrolled for the present study. The “all on four” protocol was 
applied with immediate fixed rehabilitations. Marginal bone 
loss, implant and prosthetic failure, biological and mechanical 
complications, serological levels (CD4 cell count, CD4/CD8 ratio 
and HIV-RNA) were recorded at 6, 12 and 24-month follow-up.
Results A total of 108 implant were placed in 21 patients, 
and 27 rehabilitations were delivered. Five implants were 
lost (survival rate = 95.37%). At the 24-months radiographic 
evaluation, perimplant crestal bone loss averaged 0.98 ± 0.21 
mm for upright maxillary implants (n = 30 implants) and 0.87 
± 0.18 mm for tilted maxillary implants (n = 30 implants). In 
the mandible, a mean peri-implant crestal bone loss of 0.88 ± 
0.32 mm for upright implants (n = 24) and 0.91 ± 0.30 mm for 
tilted implants (n = 24) was found. No statistically significant 
difference in the marginal bone loss between tilted and axially 
placed implants, and between jaws at 6, 12 and 24-month 
follow-up evaluation (P>0.05). Moreover, not statistically 
significant linear correlations were found between serological 
levels and marginal bone loss.
Conclusions Within its limitations, the present study reported 
that the “all on four” protocol can be a suitable treatment 
option in immunocompromised but immunologically stable HIV 
positive patients.

Immediate fixed rehabilitation supported by axial 
and tilted implants of edentulous jaws: a prospective 
longitudinal study in HIV-positive patients

GIoRGIo GASTAldI1, RAffele VInCI2, MARIA CHIARA fRAnCIA3, fRAnCeSCo BoVA4, PAolo CAPPARé5

InTRoduCTIon 

HIV infection is a global pandemic, especially in 
developing countries, massively impacting on world 
public health. HIV is the virus responsible for a 
progressive immunodeficiency that weakens the body’s 
defense against pathogens and can be detected by a 
decreasing CD4+ cell count, indicator of the state of 
the disease. HIV-positive patients tend to develop 
more easily opportunistic infections and other HIV-
associated oral lesions such as oral candidiasis, hairy 
leukoplakia, HIV associated gingivitis and periodontitis, 
Kaposi Sarcoma, non Hodgkin lymphoma, xerostomia 
and destructive carious disease (1), mostly due to poor 
oral hygiene and potentially also to alterations in the 
salivary flow. Atypical periodontal necrotic ulcerations 
and an increased incidence of herpetic infections have 
also been documented (2). Recently, thanks to highly 
active antiretroviral therapies, the life expectancy of 
HIV-positive patients has increased, their systemic 
health has improved and implant-supported prosthesis 
has become a valid alternative to removable prostheses 
in restoring dental aesthetics and function.
In a prospective cohort study (3) conducted at the 
IRCCS San Raffaele Hospital, Milan, it has been reported 
that implant prosthetic rehabilitation in HIV positive 
patients, showing strict adherence to antiretroviral 
drug regimen and good oral hygiene, is a reasonable 
treatment option with results slightly worse compared 

1  MD, DMD, Associate Professor, Dental School, Vita-Salute San Raffaele University, Milan, Italy and Unit of Oral and Maxillofacial Surgery, 
San Rocco Clinical Institute, Ome, Brescia, Italy 
2  Associate Professor, Dental School, Vita-Salute University, Milan, Italy and Department of Dentistry, IRCCS San Raffaele Hospital, Milan, Italy
3 Fellow DDS, Dental School, Vita-Salute San Raffaele University, Milan, Italy 
4 DH, Adjunct Professor, Bachelor’s Degree in Dental Hygiene, Vita-Salute San Raffaele University, Milan, Italy 
Department of Dentistry, IRCCS San Raffaele Hospital, Milan, Italy
5  Researcher, Dental School, Vita-Salute University, Milan, Italy and Department of Dentistry, IRCCS San Raffaele Hospital, Milan, Italy

TO CITe THIS ARTICle
Gastaldi G, Vinci R, Francia MC, Bova F, Capparé P. Immediate fixed rehabilitation supported 
by axial and tilted implants of edentulous jaws: a prospective longitudinal study in HIV-
positive patients. J Osseointegr 2017;9(2):239-44.

DOI 10.23806/JO.2017.09.02.01

KeyWORDS Dental implant, HIV Seropositivity; Implant 
prosthetic rehabilitations; Tilted implants.



200

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2017

240

Gastaldi G. et al..

© ariesdue May-August  2017; 9(2)

to the healthy population. 
In order to improve the quality of life and to encourage 
also a social rehabilitation of those patients, the “All 
on four” treatment concept represents a predictable 
procedure for the rehabilitation of completely 
edentulous jaws, showing the advantages of both the 
immediate loading, which allows immediate function, 
and full arch fixed prosthetic restoration, with a higher 
degree of patient satisfaction compared to removable 
prostheses (4) Low incidence of complications and 
high long-term survival rates with excellent Marginal 
Bone Level (MBL) outcome have been reported for this 
protocol by Paulo Maló et al. (2014) (5). 
Early loss of the natural dentition due to oral 
complications and poor oral hygiene, often leads 
to a severe atrophy of the alveolar ridge (6). As a 
consequence, to achieve implant stability and support 
when rehabilitating atrophic edentulous jaws, an 
extensive surgical bone augmentation procedure, such 
as bone grafts or maxillary sinus elevation, would be 
required, resulting in higher risk of patient morbidity 
and complications, higher costs, longer time intervals 
and poor patient acceptance (7, 8). As HIV positive 
patients seem to have higher risk for both early and 
late postoperative complications, such as septicemia 
and poor wound healing (9), they may benefit from 
a simpler and shorter treatment. Therefore a suitable 
option is the placement of four tilted implants - two 
most anterior placed axially and two posterior distally 
angled – according to “all on four” treatment protocol 
(10).
No significant differences in crestal bone loss and 
implant prosthetic failure rate have been found between 
tilted and axial implants (8, 11, 12). Tilted implants may 
achieve the same success rate as implants axially placed 
(13), showing both clinical and biological advantages, 
and cause no detrimental effect on the osseointegration 
process (14).
The purpose of this study is to evaluate the success of 
implant prosthetic rehabilitation “All on four” in HIV 
positive patients.

MATeRIAlS And MeTHodS

Patient selection
This prospective longitudinal study was performed in 
the San Luigi Center for Infectious Diseases, IRCCS San 
Raffaele Hospital, Milan, Italy. 
HIV-positive patients under a strict medical control 
and with severely resorbed mandible or maxilla, were 
enrolled from December 2013 to June 2014.
The main inclusion criteria were patients with either 
edentulous jaws or jaws with teeth with a poor long-
term prognosis treatment planned for extraction. 
The inclusion criteria were: age >18 years, total or 
partially edentulous in one or both jaws, adequate 

bone volume (divisions A, B, or C according to Misch 
classification of bone available) (15) and appropriate 
bone density (classes D1, D2, or D3 Misch) (16).
Exclusion criteria were: severely immunocompromised 
patients with a high recurrence of opportunistic 
infections, tuberculosis, or malignancy, decompensated 
diabetes, severe malocclusion, severe parafunctions 
(bruxism), inadequate bone volume (Division D of 
Misch), inadequate bone density (density D4 Misch), 
disorders that contraindicate surgical procedures, lack 
of collaboration, lack of oral hygiene (plaque index 
higher than 1).
Diagnosis was made clinically and radiographically. All 
patients gave written informed consent, and underwent 
oral hygiene, conventional impression for study model 
for the fabrication of temporary prosthesis, panoramic 
radiographs and CT-scans before surgery.

Surgical procedure
One hour before the surgery patients were administered 
2 g amoxicillin + clavulanic acid (Augmentin, 
GlaxoSmithKline, Belgium), which they continued (1 g 
twice a day) for 1 week after surgery. Implant surgery 
was performed under local anaesthesia (optocaine 
20 mg/ml with adrenaline 1:80000, Molteni Dental, 
Firenze, Italy).
In edentulous mandibles, incisions were made on top of 
the alveolar crest, from the first molar on one side to 
the first molar on the contralateral side with bilateral 
releasing incisions. Subperiosteal dissection on the 
lingual and vestibular surfaces was carried out and 
mental foramina were located. Soon before implant 
placement, all compromised teeth with a poor prognosis 
were atraumatically extracted, when present, and 
sockets were carefully debrided. The four  implants and 
abutments were placed starting with the posterior ones. 
Bilaterally the most posterior implants were placed 
close to the anterior wall of the mental loop and were 
tilted distally about 25-30 degrees in relation to to the 
occlusal plane. The lower corner of the implant neck was 
positioned at bone level. 
Posterior implanta were placed emerging at the second 
premolar position. 
In edentulous maxillae, incisions were made on the 
alveolar crest from the first molar to the contralateral 
side with bilateral releasing incisions. Subperiosteal 
dissection was carried out. The most posterior implants 
were placed distally tilted approximately 25 to 30 
degrees. 
The diameter of the final drill was chosen based onthe 
bone quality in order to optimize implant stability.
Implant placement was performed following the 
manufacturer’s instructions (TTx system, Winsix, 
Biosafin, Ancona, Italy), except that under preparation 
was used to achieve an insertion torque at least 35 Nm 
before final seating of the implant. Underpreparation 
was performed in soft bone to obtain high primary 
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stability. The implant neck was aimed to be positioned 
at bone level and bicortical anchorage was established 
whenever possible. The posterior implants were 3.8 or 
3.3 mm in diameter and 15 or 13 mm in length, and the 
anterior implants were either 3.8 or 3.3 mm in diameter 
and 11 or 13 mm in length (TTx system, Winsix, Biosafin, 
Ancona, Italy).
Angulated abutments (Extreme Abutment, EA® Winsix, 
Biosafin, Ancona, Italy) for anterior implants were set 
at either 17° and those for posterior implants at 30° to 
compensate for the lack of parallelism between implants 
as well as to place the prosthetic screw-access holes in 
an occlusal or lingual location. 
Flap adaptation and suturing were performed in the 
usual manner with 4–0 nonresorbable suture (Vicryl; 
Ethicon, Johnson & Johnson, New Brunswick, NJ, USA).
After surgery were prescribed as postoperative care for 
all participants, non-steroidal anti-inflammatory drugs 
(Brufen 600 mg, Abbott Laboratories, Chicago, IL, USA), 
and chlorhexidine digluconate 0.2% mouthwash during 
the first 2 weeks. All patients were instructed to avoid 
brushing and any trauma to the surgical site and were 
recommended to follow a soft diet (avoiding bread and 
meat) for 2 months. 

Prosthetic protocol
Provisional full-arch all-acrylic prostheses were delivered 
on the day of surgery, thanks to former impression 
taking. Pickup impressions (Permadyne, ESPE, Seefeld, 
Germany) of the implants were made at the conclusion 
of the surgery, after suturing, to manufacture a high-
density all-acrylic prosthesis with titanium cylinders. No 
later than 3 h after the surgery an acrylic provisional 
prosthesis was delivered.
Articulating paper (Bausch Articulating Paper, Nashua, 
NH, USA) was used to check the occlusion and adjust it, if 
necessary. Static occlusion consisted of central contacts 
established on all masticatory units. Dynamic occlusion 
included canine/premolar guidance during lateral 
movements, regardless of the opposite arch settings. 
Screw access holes were covered with provisional resin 
(Fermit, Ivoclar Vivadent, Naturno, Bolzano, Italy). Final 
prostheses were delivered 4 months postsurgery. They 
were made of acrylic resin masticatory surfaces, and 
metal frameworks for increased strength and rigidity.

follow-up
Follow-up visits were performed at 3, 6, 12 and 24 
months after implant insertion with radiographic 
assessments to evaluate the marginal bone loss and the 
overall bone level. 
According to the Infectious Disease Unit, Serological 
parameters (CD4 cell count, CD4/CD8 ratio and HIV 
RNA viral load) were assessed every 6 months.
Each 6 months from implant placement, a dental 
hygienist performed oral hygiene procedures and 
clinical parameters regording (15).

The surgical criteria used to evaluate the outcomes were 
the failure of the implant, absence of perimplantitis, 
absence of implant mobility, absence of mucosal 
suppuration and absence of pain at the time of 
examination. Restoration success was defined as the 
absence of fractures of the acrylic resin superstructure. 

Radiographic examination
Intraoral digital radiographic assessments were made 
immediately after surgery and at each follow-up visit. 
Bone level measurements were performed on the mesial 
and distal aspect of each implant, using the implant-
abutment junction as a reference point (15).
They were made perpendicular to the long axis of the 
implant with long cone parallel technique, using an 
occlusal custom template to measure the marginal 
bone level. A dedicated dentist measured the changes 
in crestal bone height over time. The difference in bone 
level was measured radiographically through specific 
software (DIGORA 2.5, Soredex, Tuusula, Finland). The 
software was calibrated for every single image using the 
known implant diameter at the most coronal portion of 
the neck of the implant. The linear distance between 
most coronal point of bone-to-implant contact and the 
coronal margin of the implant collar was measured to 
the nearest 0.01 mm, at both mesial and distal sides, 
and averaged. Bone level changes at single implants 
were averaged at patients level and then at group level. 

outcome measures
The outcomes were considered as follows: prosthesis 
failure, implants failure which led to implant removal 
(due to mobility, progressive marginal bone loss due to 
peri-implantitis, any mechanical complication rendering 
the implant not usable), biological and prosthetic 
complications (number and type were recorded as single 
episodes for each implant), peri-implant marginal bone 
level changes (MBLCs).

Statistical analysis 
A dedicated software (SPSS 11.5.0, SPSS, Chicago, IL., 
USA) was used for all statistical analyses. 
Data were analyzed at patient level and were reported 
and summarized as mean and standard deviations. For 
the outcome measures, the number of implant failures, 
prosthetic failures, peri-implantitis, occurrence of 
pus, pain, paresthesia, and fracture of fixtures were 
reported as absolute values and/or percentages in the 
whole sample (108 implants in 21 patients). In order 
to investigate the correlation between marginal bone 
levels and serological levels of CD4 cell count, CD4/CD8 
ratio and HIV RNA at different time points (6, 12 and 24 
months), a linear regression analysis was performed. The 
Pearson R coefficient was calculated and significance 
was set at p<.05. All results are provided as mean 
+SD. To compare marginal bone levels at 6, 12 and 24 
months between axial and tilted implants in maxilla and 



202

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2017

242

Gastaldi G. et al..

© ariesdue May-August  2017; 9(2)

mandible, a Student t test was applied at a significance 
level of P = 0.05.

ReSulTS 

A total of 108 implants were placed in 21 patients (Table 
1). Among them, 11 were smokers (52,3%). 
Six patients received rehabilitation of both jaws, 9 
patients received a maxillary rehabilitation and 6 
received a mandibular rehabilitation (Table 1). All 
prostheses were supported by four implants. In total, 27 
rehabilitations were delivered (Table 1).

Implant failure
Implant failure was registered in two patients (5 fixtures 
out of 108). Both patients were not smokers. One had 
suffered the loss of all implants due to late perimplantitis 
occurred 1 year after implant placement. The other 
patient lost one tilted implant as a consequence of a 
primary infection, at 2 months from placement. 
The survival rate was 95.37% (96.30% for axial 
implants and 94.45% for tilted implants). Four implants 
out of 108 (3.70%) were lost for peri-implantitis in one 
patient and one implants out of 108 (0.93%) was lost 
for primary infection in another patient. 
No fixture fracture occurred. 

Biological and prosthetic complications
biological and prosthetic complications were reported 
in Table 2. Peri-implantitis occurred in 4 implants in the 
same patient (3.70%), and resulted in the loss of the 
fixture and led to the removal of the implants (Table 2) 
and fixed prosthesis was lost (Table 2).
Fracture of provisional prosthesis occurred in 2 patients 
(1 maxilla and 1 mandibular rehabilitations).
No paresthesia and no prosthetic complications in 
definitive prostheses were registered in the whole 
sample.

Peri-implant MBlCs 
Marginal Bone Level (MBL) was followed up for 2 years 
(Table 3).
At the 24-month radiographic evaluation, peri-implant 
crestal bone loss averaged 0.98 ± 0.21 mm for axial 
maxillary implants (n = 30 implants) and 0.87 ± 0.18 
mm for tilted maxillary implants (n = 30 implants). In 
the mandible, a mean peri-implant crestal bone loss of 

0.88 ± 0.32 mm for axial implants (n = 24) and 0.91 ± 
0.30 mm for tilted implants (n = 24) was found.
No statistically significant difference in the marginal 
bone loss between tilted and axially placed implants, 
and between jaws at 6, 12 and 24-month follow-up 
evaluation (P>0.05) were recorded.

Prosthetic failure
One of the 27 fixed prostheses was lost during the 
observation period, representing a prosthetic survival 
rate of 96.3%. In definitive prostheses, no fractures of 
the acrylic resin superstructure occurred.

TABle 1 Implants dimensions and position

diameter
length

13 mm 15 mm 11 mm

M
ax

ill
a n

=
60 UPRIGHT 

n=30
3.3 mm 15 0 3

3.8 mm 10 0 2

TIlTeD 
n=30

3.3 mm 3 15 0

3.8 mm 2 10 0

 M
ax

ill
a n

=
48 UPRIGHT 

n=24
3.3 mm 11 0 2

3.8 mm 7 0 4

TIlTeD 
n=24

3.3 mm 2 11 0

3.8 mm 4 7 0

TABle 2 Implant failure, prosthetic failure, biological and mechanical 
complications.

Number Rate

Implant failure 5 4.63%

Prosthetic failure 1 3.70%

fixture fracture 0 0

Perimplantitis 4 3.70%

Provisional prosthesis fracture 2 7.41%

episode of Pus 0 0

Pain 0 0

Paresthesia 0 0

TABle 3 Marginal bone loss at 6, 
12 and 24 months from implant 
placement.

Bone loss
uPRIGHT TIlTed

maxilla n=30 mandible n=24 maxilla n=30 mandible n=24

6 months (mm) 0.84 ± 0.21 0.80 ± 0.32 0.85 ± 0.30 0.92 ± 0.22 

12 months (mm) 0.92 ± 0.36 0.85 ± 0.36 0.88 ± 0.23 0.94 ± 0.33 

24 months (mm) 0.98 ± 0.21 0.88 ± 0.32 0.87 ± 0.18 0.91 ± 0.30 
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Serological parameters
Serological parameters are reported in Table 4.
A not statistically significant linear correlation was 
found between:
- CD4 cell count and marginal bone levels at 6, 12 and 

24 months (R=0.11, explained variance R2= 0.01);
- CD4/CD8 ratio and marginal bone levels at 6, 12 and 

24 months (R=0.21, explained variance R2= 0.04);
- HIV RNA and marginal bone levels at 6, 12 and 24 

months (R= 0.13, explained variance R2= 0.02).
All linear correlations were not significant (p>0.05). 

dISCuSSIon

The aim of this study is to investigate the survival rate 
of implants in “All on four” rehabilitations, performed on 
controlled HIV-positive patients with good oral hygiene.
The recent switch of HIV infection from terminal to 
chronic disease has allowed HIV-positive patients to 
benefit from implant prosthetic rehabilitations, as their 
general health conditions and longevity improved. 
This explains why the current literature on this topic is 
considerably scarce and long-term clinical data are still 
lacking. 
In 1998, Rajnay and colleagues (16) attempted the 
placement of one endosseous implant in a HIV-positive 
patient under strict medical control, obtaining good 
aesthetic and functional results after an observation 
period of 18 months. These findings have been supported 
by Strietzel et al. (17) who placed 10 implants in three 
HIV-positive patients with CD4+ cell counts >250/µL 
and viral load below the lower detectable limit. Their 
outcomes corroborate the hypothesis that implant-
prosthetic rehabilitation of immunocompromised but 
immunologically stable patients can be a predictable 
treatment option. 
In a prospective non-randomized clinical trial involving 
HIV-positive and negative patients requiring implant-
supported mandibular overdenture, Stevenson et al. (18) 
reported osseointegration of all the implants, despite 
the high number of smokers included. 
More recently Gherlone and colleagues (3) in a clinical 
trial, beside a cumulative implant survival rate of 92,11%, 
have showed a relatively high incidence of peri-implant 
infections in HIV-positive patients, occurred in the first 
6 months after implant placement and probably due 
to individual susceptibility and immunological status. 
Therefore a strict protocol of infection control is needed 
when dealing with HIV-positive patients and the close 

collaboration with the Infectious Disease Department is 
essential for successful treatment outcomes, since the 
immune status and blood clotting parameters play a 
crucial role in patient selection. 
Whether HIV-infected patients are more predisposed 
to experience postoperative complications from dental 
treatment is controversial. In a case report, Baron et al. 
(9) documented osseointegration in all implants placed 
in a HIV-positive patient: no signs of inflammation 
and uneventful healing of both the soft and the hard 
tissues were observed, supporting the hypothesis that 
minor surgery does not represent an increased risk for 
a controlled HIV-infected population. Same outcomes 
have been reported by Achong et al. (19) in a report on 
3 cases. The authors assess also as the low CD4+ count 
levels at the time of implant insertion do not correlate 
with the outcome of the implants.
Other authors investigated the role of CD4+ cell count 
and its relation with implants survival.
Oliviera et al. (20) in a pilot study, including 25 HIV-
positive and 15 HIV-negative volunteers, showed 
high success rates without clinical complications for 
all implants placed in the study participants, and no 
statistically significant relationship between bone 
resorption and CD4+ cell count, viral load and type of 
ART.
In a recent study Gherlone et al. (21) evaluated the 
associations between implant survival and patient-
related aspects such as smoking habits, oral hygiene, 
CD4+ level in patients with HIV infection. No significant 
associations were found between the considered 
variables, except for heavy smokers (>10 cigarettes/
day) who showed to experience implant failures, 
perimplantitis, episodes of pus and pain more frequently 
compared with nonsmokers and light smokers (≤ 10 
cigarettes/day).
Long-term success rates for implant prosthetic 
rehabilitations in HIV-positive patients have been 
reported by two studies (27, 28). Gay-Escoda and 
colleagues (27) registered implant survival and success 
rates of 98,3% and 68,4% respectively after 5 to 9 years 
of follow-up. Similarly, any evidence of an increased risk 
of implant failure after up to 10 years was found by 
Rania et al. (28), showing no significant difference in 
success rates between HIV-positive and HIV-negative 
patients.
According to the mentioned literature and the results 
obtained in the present study, successful implant 
survival rates in HIV-infected patients seem to be more 
related to proper patient selection, appropriate surgical 

TABle 4 Serological levels at 
different time points (6, 12 and 24 
months).

CD4 cell count CD4/CD8 ratio HIV RNA

6 months (mm) 536.33 ± 327.34 0.88 ± 0.37 3.28 ± 9.52 

12 months (mm) 508.50 ± 288.03 1.05 ± 0.68 14.62 ± 22.06 

24 months (mm) 531.17 ± 253.17 0.88 ± 0.76 19.21 ± 16.73 
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technique, meticulous follow up and strict antimicrobial 
protocol, rather than values of specific markers for HIV-
positive individuals such as CD4+ cell count or viral load. 
Kolhatkar et al. (23) documented the successful 
placement of immediate implants into fresh extraction 
sockets in two HIV-positive individuals. The immediate 
placement reduces the total treatment time and allows 
to preserve the alveolar bone level from the collapse of 
healing events (24). 
Immediate loading protocol was achieved in order 
to obtain immediate function, improving aesthetic 
outcomes8 and patient satisfaction. 
There are very few reports that show the clinical 
evidence of immediately loaded implants placed in HIV-
infected patients. One of those (25) (Romanos et al.) 
presents a fixed implant-supported immediate loading 
protocol in an edentulous asymptomatic HIV-positive 
patient, documenting the validity of this type of oral 
rehabilitation also in immunocompromised patients.

ConCluSIonS

To our knowledge, the present study represents the only 
report on “All on four” implant prosthetic rehabilitation 
in HIV-positive population. Within its limitations, 
it shows as this protocol can be a suitable treatment 
option in immunocompromised but immunologically 
stable patients. 
However in the literature there is a lack of further long-
term data and additional studies are needed.

RefeRenCeS

1. Patton l, Glick M. Clinician’s guide to treatment of HIV-infected patients. 3rd 
ed. Baltimore, MD: American Academy of Oral Medicine, 2001.

2. Melnick S, engel D, Truelove e. Oral mucosal lesions: Association with the 
presence of antibodies to the human immunodeficiency virus. Oral Surg Oral 
Med Oral Pathol 1989;68:37-43.

3. Gherlone e, Capparé P, Tecco S, et al. Implant prosthetic rehabilitation in 
controlled HIV-positive patients: a prospective longitudinal study with one-
year follow-up. Clin Implant Dent Relat Res 2015; 7:doi: 10.1111/cid.12353.

4. Att W, Stappert C. Implant therapy to improve quality of life. Quintessence In 
2003; 34:573-581. 

5. Maló P, de Araùjo Nobre M, lopes A, Ferro A, Gravito I. All-on-4 treatment 
concept for the rehabilitation of the completely edentulous mandible: A 7-year 
clinical and 5-year radiographic retrospective case series with risk assessment 
for implant failure and marginal bone level. Clin Implant Dent Relat Res 2014. 
Doi: 10.1111/cid.12068.

6. Patzelt S, Bahat O, Reynolds M, Strub J. The all-on-four treatment concept: a 
systematic review. Clin Implant Dent Relat Res 2014; 16:836-855.

7. Del Fabbro M, Testori T, Francetti l, Weinstein R. Systematic review of survival 
rates for implants placed in the grafted maxillary sinus. Int J Periodontics 

Restorative Dent 2004; 24:565-577.
8. Crespi R, Vinci R, Capparè P, Romanos Ge, Gherlone e. A clinical study of 

edentulous patients rehabilitated according to the “all on four” immediate 
function protocol. Int J Oral Maxillofac Implants 2012; 27:428-434.

9.  Baron M, Gritsch F, Hansy AM, Haas R. Implants in an HIV-positive patient: a 
case report. Int J Oral Maxillofac Implants 2004;19:425-430. 

10. Maló P, Rangert B, Nobre M. “All-on-Four” immediate function concept 
with Brånemark system implants for completely edentulous mandibles: a 
retrospective clinical study. Clin Implant Dent Res 2003; 5(suppl 1):2-9.

11. Menini M, Signori A, Tealdo T, Bevilacqua M, Pera F, Ravera G, Pera P. Tilted 
implants in the immediate loading rehabilitation of the maxilla: a systematic 
review. J Dent Res 2012; 91821-827.

12. Agliardi e, Clerico M, Villa C, Maló P. Immediate rehabilitation of the edentulous 
jaws with full fixed prostheses supported by four implants: interim results of a 
single cohort prospective study. Clin Oral Implants Res 2010; 21:459-465.

13. Del Fabbro M, Bellini CM, Romeo D, Francetti l. Tilted implants for the 
rehabilitation of edentulous jaws: a systematic review. Clin Implant Dent Relat 
Res 2012; 14:612-621.

14. Krekmanov l, Kahn M, Rangert B, lindstrom H. Tilting of posterior mandibular 
and maxillary implants of improbe prosthesis support. Int J Oral Maxillofac 
Implants 2000;15:405-414.

15. Crespi R, Capparè P, Gherlone e. Immediate loading of dental implants placed in 
periodontally infected and non-infected sites: a 4-year follow-up clinical study. 
J Periodontol. 2010 Aug;81(8):1140-6. 

16. Rajnay ZW, Hochstetter Rl. Immediate placement of an endosseous root-form 
implant in an HIV-positive patient: Report of a case. J Periodontol 1998;69:1167-
1171.

17. Strietzel FP, Rothe S, Reichart PA, Schmidt-Westhausen AM. Implant-prosthetic 
treatment in HIV-infected patients receiving highly active antiretroviral 
therapy: Report of cases. Int J Oral Maxillofac Implants 2006;21:951-956.

18. Stevenson GC, Riano PC, Moretti AJ, Nichols CM, engelmeier Rl, Flaitz CM. Short-
term success of osseointegrated dental implants in HIV-positive individuals: A 
prospective study. J Contemp Dent Pract 2007;8:1-10.

19. Oliviera MA, Gallottini M, Pallos D, Maluf PS, Jablonka F, Ortega Kl. The success 
of endosseous implants in human immunodeficiency virus-positive patients 
receiving antiretroviral therapy: a pilot study. J Am Dent Assoc 2011; 142:1010-
1016.

20. Achong RM, Shetty K, Arribas A, Block MS. Implants in HIV-positive patients: 3 
case reports. J Oral Maxillofac Surg 2006; 64:1199-1203.

21. Gherlone e, Capparé P, Tecco S, et al. A prospective longitudinal study on 
implant prosthetic rehabilitation in controlled HIV-positive patients with 
1-year follow-up: the role of CD4+ level, smoking habits and oral hygiene. Clin 
Implant Dent Relat Res 2015; doi:10.1111/cid.12370.

22. U.S. Department of Health and Human Services. AIDS.gov: HIV and smoking 
[last revised 2013 Jul 5; accessed 2014 Apr 17].

23. Kolhatkar S, Khalid S, Rolecki A, Bhola M, Winkler JR. Immediate dental implant 
placement in HIV-positive patients receiving highly active antiretroviral 
therapy: a report of two cases and a review of the literature of implants placed 
in HIV-positive individuals. J Periodontol 2011; 82:505-511.

24. Becker W, Goldstein M. Immediate implant placement: Treatment planning 
and surgical steps for successful outcome. Periodontol 2000 2008;47:79-89.

25. Romanos Ge, Goldin e, Marotta l, Froum S, Tarnow DP. Immediate loading with 
fixed implant-supported restorations in an edentulous patient with an HIV 
infection: a case report. Implant Dent 2014 ;23:8-12.

26. Patton l. Current strategies for prevention of oral manifestations of 
human immunodeficiency virus (Oral Surg Oral Med Oral Pathol Oral Radiol 
2016;121:29-38.

27. Gay-escoda C, Pèrez-Alvarez D, Camps-Font O, Figueiredo R. long-term 
outcomes of oral rehabilitation with dental implants in HIV-positive patients: A 
retrospective case series. Med Oral Patol Oral Cir Bucal. 2016 May 1;21 (3):e385-
91.

28. Rania V, Pellegrino P, Donati G, Ghezzi M, Clementi e, Sparaco A. long-
term efficacy of Dental Implants in HIV-Positive Patients. Clin Infect Dis. 
2015;61(7):1208.



205

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2017

IMPLANTOLOGIA E IMPLANTOPROTESI 2017 | NUMERO 3 11

INTRODUZIONE
Nelle riabilitazioni implanto-

protesiche del mascellare atrofi-

co esistono delle alternative alla 

chirurgia di elevazione del seno 

mascellare che devono essere 

prese in considerazione qualora 

siano presenti controindicazioni 

assolute (pazienti ad alto rischio, 

classe 4 ASA, displasie e neopla- 

sie del seno, uso di stupefacenti, 

patologie sinusali acute in atto) o 

controindicazioni relative (ipertro-

fia della mucosa sinusale, fumo, 

controindicazioni relative di carat-

tere generale comuni alla chirurgia 

orale). In Letteratura sono descritte 

varie alternative terapeutiche al ri-

alzo sinusale, come gli impianti di 

dimensioni ridotte, impianti pre e 

postsinusali, impianti protesizzati 

con un cantilever distale e infine 

impianti con inclinazione mesio-

distale. Nel seguente articolo vie-

ne illustrato a scopo esemplificati-

vo l’utilizzo degli impianti inclinati 

per la riabilitazione dei mascellari 

atrofici di pazienti non candidati 

alla chirurgia di grande rialzo del 

seno mascellare.1-4

MATERIALI E METODI
Nei casi descritti la pneuma-

tizzazione dei seni mascellari ha ri-

dotto notevolmente l’altezza ossea 

in posizione dei primi molari, tale 

da non permettere l’inserimento 

degli impianti se non con una te-

Scopo: nei pazienti parzialmente o totalmente edentuli, lil mascellare può presen-

tare gravi limitazioni per la realizzazione del trattamento implantare convenzionale. 

Il riassorbimento delle ossa mascellari e la pneumatizzazione del seno riducono in 

molti casi la quantità di osso disponibile sia in spessore che in altezza ,inoltre nel 

mascellare posteriore la qualità dell’osso è meno densa, più midollare e più sottile 

rispetto alla premaxilla. Scopo di questo lavoro pertanto è presentare una tecnica 

alternativa alle normali procedure di rialzo del seno mascellare, valutandone la predi-

cibilità , la minore invasività e la possibilità si eseguire il carico immediato, in pazienti 

che presentano controindicazioni alle procedure classiche di rialzo. Materiali e me-

todi: nei tre casi clinici descritti la pneumatizzazione dei seni mascellari ha ridotto 

notevolmente l’altezza ossea in posizione dei primi molari, tale da non permettere 

l’inserimento degli impianti se non con una terapia rigenerativa. L’anamnesi positiva 

per una patologia sinusite cronica e un abitudine viziata di forti fumatori ha escluso 

l’intervento di elevazione della membrana sinusale, pertanto angolando gli impianti 

distali si è riusciti ad ottenere una riabilitazione protesica fissa, senza cantiliver, ed 

in due casi su tre si è potuto realizzare anche una provvisionalizzazione immediata, 

aumentando il comfort dei pazienti. Risultati e conclusioni: al follow-up di un anno 

l’aspetto clinico e radiologico dei tessuti molli e duri risulta ottimale e non sono stati 

registrati segni patologici. Tale tecnica chirurgica, per la riabilitazione di siti edentuli 

mascellari , rappresenta una valida e predicibile alternativa terapeutica alle tecniche 

di sollevamento della membrana sinusale.

PAROLE CHIAVE: Atrofia, Seno mascellare, Carico immediato, Impianti angolati.
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rapia rigenerativa. L’anamnesi po-

sitiva per una sinusite cronica e un 

abitudine viziata di forti fumatori 

ha escluso l’intervento di elevazio-

ne della membrana sinusale.

L’alternativa chirurgica adot-

tata prevede il posizionamento di 

impianti inclinati mesiali alla pa-

rete anteriore del seno con emer-

genza protesica in corrispondenza 

del primo molare per permettere 

una riabilitazione senza cantilever 

distali.5 

Procedeure chirurgiche  

e protesiche

Caso clinico 1

Alla paziente è stata sommini-

strata una profilassi antibiotica di 2 

g di amoxicillina e acido clavulanico 

1 ora prima della seduta operatoria. 

la correttezza delle preparazioni im-

plantari si procede all’inserimento 

degli impianti TTX Biosafin Winsix in 

sede 1.4 (3,8 x 13) e in sede 1.5 tilta-

to (3,8 x 13). Sull’impianto in sede 

1.4 viene avvitato un EA dritto, su 

quello in sede 1.5 (tiltato) viene av-

vitato un EA da 30°, quindi vengono 

inseriti i monconi provvisori, ribasa-

to il provvisorio precedentemente 

confezionato e si esegue una pro-

tesizzazione immediata (Figg. 5-10). 

Il lembo viene suturato con punti 

staccati in seta 4/0. 

Dopo 4 mesi dalla fase chi-

rurgica, stabilizzati i tessuti e avve-

nuta l’osteointegrazione vengono 

prese le impronte e si procede al 

confezionamento di un ponte de-

finitivo in metallo - ceramica avvi-

tato (Figg. 11-15).

Previa infiltrazione plessica di solu-

zione anestetica contenente articai-

na 1:100.000 del primo quadrante si 

procede all’avulsione degli elementi 

di ponte 1.4-1.6, (Figg. 1-3) si esegue 

un incisione crestale con svincolo 

verticale di rilascio distale per ot-

tenere un lembo a tutto spessore 

esteso per visualizzare la proiezione 

del seno mascellare sulla superficie 

ossea vestibolare (Fig. 4). In sede 

post-estrattiva di 1.6 si evidenzia 

una severa perdita ossea in senso 

verticale con continuità dell’alveolo 

con la membrana sinusale. L’oste-

otomia distale ha un andamento 

tangenziale alla parete anteriore del 

seno mascellare: questa inclinazio-

ne permette di ottenere un’emer-

genza della piattaforma implantare 

a livello del primo molare. Verificata 

Figg. 1a,b  RX preo-
paratoria.

a b

Fig. 2  Situazione clinica iniziale.

Fig. 3  Avulsione degli elementi dentari 1.4-16.
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Fig. 4  Scheletriz-
zazione ossea.

Fig. 5  Preparazio-
ne sedi implantari, 
impianto tiltato in 
sede 1,5.

Fig. 6  Impianti 
inseriti e Monconi 
provvisori.

Fig. 7  Ribasatura 
provvisorio.

Fig. 8  Provvisorio  
ribasato.

Fig. 9  Provvisionalizzazione immediata.

Fig. 10  RX post-operatoria.
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Caso clinico 2

Al paziente è stata sommini-

strata una profilassi antibiotica di 2 

g di amoxicillina e acido clavulanico 

1 ora prima della seduta operatoria. 

Previa infiltrazione plessica di solu-

zione anestetica contenente articai-

na 1:100.000 del secondo quadrante 

si procede all’avulsione dell’elemen-

to 2.6, parodontalmente compro-

messo, si esegue un incisione cre-

stale con svincolo verticale di rilascio 

distale per ottenere un lembo a tut-

to spessore esteso per visualizzare 

la proiezione del seno mascellare 

sulla superficie ossea vestibolare. La 

presenza di una patologia sinusita 

cronica, evidenziata dall’esame con 

TC cone beam, esclude la possibilità 

di eseguire un grande rialzo di seno. 

Si procede quindi alla preparazione 

delle sedi implantari ed all’inseri-

mento degli impianti TTX Biosasin 

Winsix in sede 2.4 (3.8 x 13) e 2.5 (3,8 

x 15) (tiltato). Sull’impianto in sede 

2.4 viene avvitato un EA dritto, su 

quello in sede 2.5 (tiltato) viene av-

vitato un EA da 30° e realizzata una 

protesizzazione immediata ribasan-

do il provvisorio precedentemente 

confezionato (Figg. 16-23). Il lembo 

viene suturato con punti staccati 

in seta 4/0. Dopo 4 mesi dalla fase 

chirurgica, stabilizzati i tessuti e av-

venuta l’osteointegrazione vengo-

no prese le impronte e si procede al 

confezionamento di un ponte defi-

nitivo in metallo -ceramica avvitato 

(Figg. 24-25).

Fig. 11  Guarigione a 4 mesi. Fig. 12  Protesi definitiva avvitata, visione occlusale.

Fig. 13  Protesi definitiva -visione laterale. Fig. 14  Controllo radiografico a 12 mesi.

Fig. 15  Ortopanoramica a 12 mesi.
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Figg. 16a,b  RX pre-
oparatoria.

a b

Fig. 17  Situazione clinica iniziale visione laterale. Fig. 18  Situazione clinica iniziale visione occlusale.

Fig. 19  Impianti in-
seriti.

Fig. 20  Rx post ope-
ratoria.

Fig. 21  Rx post-operatoria con provvisorio immediato.
Fig. 22  TAC cone beam post-operaroria.
Fig. 23  Provvisorio.
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Caso clinico 3

Al paziente è stata sommini-

strata una profilassi antibiotica di 2 

g di amoxicillina e acido clavulanico 

1 ora prima della seduta operatoria. 

Previa infiltrazione plessica di solu-

zione anestetica contenente arti-

caina 1:100.000 del secondo qua-

drante si procede all’avulsione degli 

elementi 2.5 e 2.6, quest’ultimo con 

grave perdita ossea verticale ed in 

continuità con la membrana sinu-

sale. Si procede pertanto all’inse-

rimento ddi un impianto Biosafin 

Winsix 3,8 x 13 TTI tiltato in sede 

2.5 tangenziale alla parete anteriore 

del seno mascellare ed un impianto 

in sede 2.4 (3,8 x 11 TTI). Il lembo 

viene suturato con punti staccati in 

seta 4/0 (Figg. 26-30). Dopo 4 me-

si dalla fase chirurgica, stabilizzati i 

tessuti e avvenuta l’osteointegra-

zione si procede alla seconda fase 

chirurgica e riapertura degli im-

pianti, vengono avvitati gli EA, da 

30° in sede 2.5 e da 17° in sede 2.4, 

quindi vengono prese le impronte 

e si procede al confezionamento 

prima di un provvisorio e successi-

vamente stabilizzati i tessuti molli al 

confezionamento di un ponte defi-

nitivo in metallo-ceramica avvitato 

da 2.4 a 2.6 (Figg. 31-35).

Fig. 24  Finalizzazione protesica. Fig. 25  Controllo radiografico a 12 mesi.

Figg. 26a,b  RX preo-
paratoria.
Fig. 27  Avulsione de-
gli elementi dentari ed 
inserimento impianti.
Fig. 28  Impianto tilta-
to in sede 1.5 tangen-
ziale alla parete anterio-
re del seno mascellare 
visione occlusale.
Fig. 29  Impianti in-
seriti.

a b
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Fig. 30  Rx postoperatoria.

Fig. 31  Guarigione a 6 mesi con provvi-
sorio.

Figg. 32a,b  Protesi definitiva.

a

b

Fig. 33  Protesi definitiva avvitata visione occlusale.

Fig. 34  Protesi definitiva visione laterale.

Fig. 35  Controllo radiografico a 12 mesi.
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DISCUSSIONE
L’aspetto biomeccanico su cui 

si basa l’impiego di impianti ango-

lati è la riduzione del cantilever e 

quindi una distribuzione migliore 

ed omogenea dei carichi a livello 

protesico, migliorando l’ancorag-

gio corticale, a livello della parete 

anteriore del seno e della fossa na-

sale, a vantaggio di una maggiore 

stabilità primaria e consentendo di 

usare impianti più lunghi. L’apice di 

questi impianti ed il fulcro di rota-

zione sono localizzati nella regione 

canina e la piattaforma implantare 

emerge in corrispondenza del se-

condo premolare o addirittura in 

corrispondenza del primo molare. 

Numerosi studi hanno riportato 

un elevato tasso di sopravvivenza, 

altri hanno valutato la quantità di 

stress a livello del tessuto osseo 

perimplantare6,7; da tali studi è 

emerso che il singolo impianto an-

golato sottoposto a carichi assiali 

presenta un maggiore stress osseo 

periimplantare rispetto al singolo 

impianto assiale; tuttavia quando 

l’impianto angolato viene solidariz-

zato ad altri impianti con un can-

tilever ridotto presenta uno stress 

meccanico minore a livello perim-

plantare rispetto ad impianti assiali 

solidarizzati ma con un cantilever 

maggiore. Tale tecnica quindi si è 

rivelata predicibile e facile da ap-

plicare anche per operatori meno 

esperti in tecniche rigenerative più 

o meno avanzate come il grande 

rialzo di seno mascellare; tale tec-

nica, è stata descritta per la prima 

volta nel 1974 e da allora è consi-

derata predicibile, ma non priva di 

complicanze quali: sinusiti acute, 

perforazione della membrana di 

Schneider, deiscenza della ferita e 

dispersione del materiale da inne-

sto all’interno della cavità sinusale. 

Traducendo questi dati nella pra-

tica clinica quotidiana possiamo 

affermare che l’utilizzo di impianti 

angolati ci consente con una mi-

nore invasività chirurgica, sfruttan-

do l’osso basale residuo del pazien-

te, la possibilità di ridurre i tempi 

delle riabilitazioni, permettendo di 

eseguire una protesizzazione im-

mediata, con una maggiore com-

pliance da parte del paziente.

CONCLUSIONI
Questa procedura, sebbene 

rappresenti un’alternativa a tec-

niche più invasive, richiede una 

selezione e pianificazione del caso 

molto accurata associata a:

-  conoscenza dell’anatomia 

sinusale, onde evitare il po-

sizionamento dell’impianto 

distalenel seno mascellare 

con conse-guente rischio di 

aumento di complicanze po-

stoperatorie;

-  componentistica chirurgica e 

protesica adeguata alla tecni-

ca utilizzata;

-  attenta valutazione dei carichi 

occlusali masticatori.

I vantaggi risultano essere oltre 

che la ridotta invasività rispetto 

al grande rialzo di seno anche la 

possibilità di poter eseguire una 

protesizzazione immediata offren-

do al paziente il vantaggio di poter 

avere denti fissi subito aumentan-

do il comfort e la compliance.
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Therapeutic alternatives to maxillary sinus: tilted implants
Aim: In partially or totally edentulous patients, maxillary can have severe limitations for conventional 

implant treatment. Resorption of jaw bones and breast pneumothorax reduce in many cases the 

amount of bone available both in thickness and height, and in the lower jaw bone quality is less dense, 

more bone marrow and thinner than the forehead. The purpose of this work is therefore to present an 

alternative technique to normal maxillary sinus lifting procedures, assessing predictability, reduced 

invasiveness, and the possibility of immediate loading, in patients who have contraindications to max-

illary sinus. Material and Methods: In the three clinical cases described, maxillary sinus pneumonitis has 

considerably reduced the bone height in the position of the first molars, so as not to allow the insertion 

of the implants except for regenerative therapy. Positive history for a chronic sinusitis pathology and 

a the defective habit of strong smokers excluded the sinus membrane elevation, so angled prosthetic 

rehabilitation, without cantiliver, was achieved by unplugging the distal systems, and in two out of three 

cases it was possible to achieve immediate loading, increasing the comfort of the patients themselves. 

Results and Conclusions: At one year’s follow-up, the clinical and radiological appearance of soft and 

hard tissues is optimal and no pathological signs have been reported. This surgical technique for the 

rehabilitation of edentulous jaw sites is a valid and predictable therapeutic alternative to sinus lifting 

techniques.

KEY WORDS: Atrophy, Maxillary sinus, Immediate loading, Tilted implants.
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Evaluation of Ultrashort and Longer Implants with 
Microrough Surfaces: Results of a 24- to 36-Month 

Prospective Study
Luciano Malchiodi, MD, DDS1/Riccardo Caricasulo, MSc, DDS2/Alessandro Cucchi, PhD, MSc, DDS3/ 

Raffaele Vinci, MD, DDS4/Enrico Agliardi, MD, DDS4/Enrico Gherlone, MD, DMD5

Purpose: The aim of this prospective study was to establish if ultrashort implants are a reliable therapeutic 

solution by evaluating their effect on mean crestal bone loss and assessing their survival and success rates. 

Materials and Methods: Patients were treated using 6-, 9-, and 11-mm-long implants with sandblasted 

and acid-etched surfaces and fitted with fixed partial prostheses. Clinical and radiographic examinations 

were scheduled yearly. Data collected included the implant positioning site, implant length and diameter, 

peri-implant bone loss (PBL), and clinical and anatomical C/I ratios. Results: One hundred eleven implants 

(6-mm-long, 30.6%) were positioned; two implants were lost before loading. During the 36-month follow-

up, no other implants were lost (98.2% survival rate, 100% from loading), but four implants did not meet 

the criteria for success, due to excessive crestal bone loss, resulting in a 94.6% success rate, 96.3% from 

loading. Success rates and peri-implant bone loss were not significantly different among implants with 

different lengths. No correlation was observed between implant length and bone resorption. Conclusion: 

Six-millimeter-long implants did not show different results in comparison with 9- and 11-mm-long implants. 

They can be considered a reliable solution for implant prosthetic rehabilitation and a dependable and 

minimally invasive therapeutic option in areas showing severe bone resorption. INT J ORAL MAXILLOFAC IMPLANTS 

2017;32:171–179. doi: 10.11607/jomi.4648

Keywords: crown-implant ratio, implant length, implant success rate, prospective study, ultrashort implants

Osseointegrated dental implants can achieve high 
long-term success rates.1 However, a common 

problem that hinders restoration of edentulous sites 
with implant-supported prostheses is bone resorp-
tion, which may be more pronounced if the patient 
has been wearing a removable prosthesis. A study that 
involved more than 400 skulls demonstrated that 62% 
of the posterior partially edentulous maxillae and 50% 
of the partially edentulous mandibles had insufficient 
bone height to receive implants shorter than 6 mm.2 

As moderately rough-surfaced short implants have be-
come available, investigators have found that they may 
be useful, as they show lower failure rates than ma-
chine-turned surface implants of < 10 mm length.3,4 A 
recent definition of “short implant” is that of Renouard 
and Nisand,5 who defined a short implant as one with 
an intrabony length of ≤ 8 mm.5 Moderately rough-
surface threaded implants offer the advantage of in-
creased bone-to-implant surface contact; coupled with 
a slightly modified surgical technique, the likelihood of 
success with short implant lengths is increased.6,7

Inevitably, the use of shorter implants results in 
increased crown-to-implant ratios (C/I). Originally, 
appropriate suggested C/I for dental implants was 
considered—as with natural teeth—to be in the 1:1 
range.8,9 More recently, however, a number of in-
vestigators have demonstrated that it is possible to 
use implants with a C/I ratio of 2:1 or greater with-
out compromising long-term implant survival/suc-
cess, provided that certain threshold values are 
respected.10–12

The present study compares the performance of 
moderately rough-surfaced, ultrashort (ie, 6-mm-long) 
implants with longer, standard ones (9 or 11 mm).
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MATERIALS AND METHODS

Study Design
Patients enrolled in this prospective study were select-
ed from among those who were referred to the authors 
seeking implant-prosthetic restoration according to 
the following criteria:

• Inclusion criteria: partial or total edentulism; bone 
height ≥ 5 mm in the maxilla and ≥ 7 mm in the 
mandible; bone width > 5 mm; choosing to be 
rehabilitated by means of an implant-supported 
fixed prosthesis; accepting a treatment plan based 
on the use of short and/or ultrashort implants; and 
showing sufficient compliance to participate in the 
follow-up.

• Exclusion criteria: showing very poor oral hygiene; 
showing aggressive and/or untreated periodon-
tal disease; smoking more than 20 cigarettes/day; 
abuse of alcohol or drugs; showing acute oral in-
fections; ASA 4 or 5; having undergone remote or 
recent radiation therapy in the oral maxillofacial 
district; being subjected to recent chemotherapy; 
or pregnant. 

All patients were consecutively treated with 6-, 9-, 
and/or 11-mm-long implants with sandblasted and 
acid-etched surfaces, and subsequently fitted with 
single crowns or implant-supported fixed prostheses. 
Implants were all inserted according to surgical and 
prosthetic protocols that had been preestablished at 
the beginning of the prospective study.

Surgical Protocol
Each patient was evaluated clinically and radiographi-
cally to plan the appropriate treatment. Initial patient 
evaluation was performed on the basis of periapical 
and panoramic radiographs (Fig 1a), while cone beam 
computed tomography (CBCT) was requested in all 
cases of alveolar atrophy, ie, if the bone height was < 7 
mm in the maxilla or < 9 mm in the mandible, to accu-
rately evaluate residual bone volumes. A clinical exam-
ination was carried out to evaluate overall periodontal 
conditions, the amount of keratinized tissue at intend-
ed implant sites, the residual stability of the remaining 
dentition, and the status of oral hygiene. If a patient 
was diagnosed with either a generalized or localized 
chronic periodontal disease, he/she was subjected 
(before implant surgery) to a complete periodontal 
therapy cycle comprising a nonsurgical first phase, a 
surgical second phase, a restorative third phase, and a 
maintenance fourth phase.

Patients were administered 2 g amoxicillin 1 hour 
before surgery, which was continued with 2 g/day for 
another 6 days. Those who had an allergy to penicillin 

were given azithromycin, 600 mg/day for 3 days, start-
ing 1 hour before surgery.

Surgery was performed under local anesthesia 
(mepivacain with epinephrine 1:50,000 in the site 
of intervention and mepivacain with epinephrine 
1:100,000 in other sites).

Implants used in this prospective study (WINSIX, 
BioSAFin. S.r.l.) had a semispherical apex and thread 
geometry that varied, widening from the apex to the 
neck. The 0.3-mm-long neck had a machine-turned 
surface, while the remainder of the designed intrabo-
ny implant length was sandblasted and acid-etched 
(microrough surface). Implants were purchased from 
the manufacturer. Implant lengths were 6, 9, or 11 mm. 
The 6-mm-long implants were wide-diameter (4.5 and 
5.2 mm), while the longer implants were also used in 
diameters of 3.3 mm (narrow-diameter) or 3.8 mm 
(standard-diameter). 

Implants were placed only in healed extraction 
sites, their length chosen according to the bone height 
available at the intended implantation site. After ele-
vating full-thickness flaps, the implant site preparation 
was adapted to the local bone conditions.

In dense bone, sites were prepared using under-
sized burs, whose diameter was 0.6 mm narrower 
than the one of the neck of the implant being placed. 
In these cases, pretapping was performed to reduce 
bone compression.

In maxillae, where bone density was low or the si-
nus floor needed elevation of ≤ 2 mm, osteotomies 
were performed using primarily, although not exclu-
sively, hand osteotomes. If sinus floor elevation of up 
to 2 mm was needed, implant sites were included and 
the floor elevated using indirect osteotome sinus el-
evation without added graft material as reported by 
Calvo-Guirado et al.13

When implants were placed in the posterior man-
dible, 0.5 to 1 mm was considered a safe distance from 
the mandibular neurovascular bundle. When neces-
sary, implant site depth was monitored intraoperative-
ly with periapical radiographs (Figs 1a to 1c). 

All implants were left submerged for 5 months, ir-
respective of implant length or bone quality. 

During the first 15 days, patients were instructed to 
observe a fluid diet, while for the next 15 days, patients 
were instructed to observe a soft diet and good oral 
hygiene. Chlorhexidine, 0.2% three times daily, was 
recommended until suture removal. Patients used no 
removable prostheses with mucosal support in the op-
eration site.

Prosthetic Protocol
At the time of stage-two surgery, an impression was 
made with polyether material using transfer cop-
ings and a customized tray. The impression was sent 
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directly to the dental laboratory to obtain the master 
model, which incorporated implant analogs. 

The prosthetic protocol described by Cocchetto et 
al14 was adopted for all of the cement-retained pros-
theses. The technique consisted of the duplication of 
the implant portion of a working cast prepared using 
double-pour or plastic base die systems for single or 
multiple crowns. For this purpose, a flask previously 
intended for the production of ceramic inlays and on-
lays was used. Duplication was obtained using a high-
precision addition silicon material and a low-shrinkage 
polyurethane resin. The duplicated implant abutment 
was used to finalize the fixed partial denture restora-
tions after the originals were delivered to the patients, 
thus reducing the time of the clinical sessions and 
avoiding repeated dis/reconnections. 

Provisional prostheses were made in the laboratory 
and rebased directly in the mouth, using flowable acrylic 
resin. The occlusion was also checked to eliminate pre-
contact and interference during centric and eccentric 
movements. After the patients had worn the provisional 
prostheses for 1 to 3 months, the definitive prostheses 
were prepared and delivered in a 1- to 2-week period. 
The latter were primarily cement-retained. To reduce 
the risk of occlusal overload, no cantilevers were created 
with ultrashort implants, as suggested by Misch et al.15 
For the same purpose, occlusal surfaces were reduced 
in the buccolingual direction, and the cusp height/incli-
nation was kept to a minimum. Implants were splinted 
together when possible.

Follow-up and Data Collection
Patients were questioned orally and in writing regard-
ing name, age, sex, dental history, smoking habits 
(number of cigarettes/day), and number of profession-
al oral hygiene procedures in the last 3 years (number 
of hygiene procedures/year).

For each implant, the authors recorded the following 
parameters at the time of the surgery: implant length 
(6, 9, or 11 mm); implant diameter (3.3, 3.8, 4.5, or 5.2 
mm); implant site (anterior, premolar, or molar); maxil-
la or mandible; and implant primary stability. After the 

definitive restoration of the implants, the anatomical 
C/I ratio and clinical C/I ratio were radiographically as-
sessed, as suggested by Blanes et al16 (Fig 1). 

Patients followed a maintenance program aimed to 
achieve optimal hard and soft tissue healing, which in-
cluded professional oral hygiene every 6 months. Clini-
cal evaluations were performed weekly during the first 
month after provisional restoration, and then monthly 
during the first 6 months after definitive restoration. 
Standardized intraoral radiographs, using an individ-
ual template, were obtained at the 1-, 2-, and 3-year 
follow-ups (Fig 2).

At the yearly control, implant survival and com-
plications were evaluated. The soft tissue monitored 
parameters included bleeding scores (bleeding on 
probing [BoP]), pocket probing depth (PPD), and re-
cession (REC) at all four surfaces of all implants (mesial, 
distal, buccal, and lingual/palatal).

PBL was measured at baseline and at the 12-month, 
24-month, and 36-month follow-ups for each implant, 
considering the first contact point at the bone-implant 
interface.

Radiographs were scanned, digitized in JPG, convert-
ed to the TIFF format with a resolution of 600 dpi, and 
stored in a personal computer. Peri-implant marginal 
bone levels were measured using analysis software (Im-
ageJ, National Institutes of Health), calibrated for every 
single image using the known implant diameter at the 
most coronal portion of the neck of the implant. The 
peri-implant bone levels were measured from the im-
plant-abutment interface to the highest interproximal 
crestal bone level (CBL), to the nearest 0.01 mm, at both 
the mesial and distal sides, and then averaged. 

Implant success was defined according to the crite-
ria suggested by Buser et al17 and modified according 
to Albrektsson and Zarb,18 including: absence of per-
sistent pain, dysesthesia, or paresthesia in the implant 
area; absence of peri-implant infection with/without 
suppuration; absence of perceptible implant mobility; 
and absence of persistent peri-implant bone resorp-
tion greater than 1.5 mm during the first year of load-
ing and 0.2 mm per year during the following years.

Fig 1  Measurement of (a) anatomical and (b) 
clinical C/I ratio.

a b
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Overall success and survival rates were recorded at 
three different times: ti = time of insertion; t0 = time of 
loading; and ctrl = maximum follow-up time.

Statistical Analysis
All variables evaluated at different periods were in-
cluded in the analyses.

The primary outcome variable was peri-implant 
bone-level changes, related to the implant length. Dif-
ferences regarding radiographic bone-level changes 
at the various reexaminations and implant length were 
analyzed using the Student t test for paired observa-
tions. A Pearson correlation coefficient was calculated 
to test significant correlations among bone levels, 
implant diameter and length, clinical and anatomical 
C/I ratio, position of the implant, and kind of pros-
thesis. Simple linear regression models with a single 
explanatory variable were calculated to evaluate the 
relationship between the PBL and each other variable 
collected. Multivariate linear regression analysis was 
applied to test the combined influence of all variables 
together. The level of significance was set at α = .05.

RESULTS

One hundred eleven implants were placed in 43 sub-
jects (ages: 41 to 79; 24 women and 19 men), who were 
followed for 24 to 36 months (mean follow-up of 31 
months). Based on medical history, five patients were 
affected by diabetes and seven were smokers, four 
of whom smoked between 10 and 20 cigarettes/day. 

Finally, 10 patients were treated for chronic periodon-
tal disease. 

Ultrashort implants were used in 30.6% (n = 34) of 
the cases; implant distributions according to length, 
diameter, and site are reported in Tables 1 and 2. 

There were no deviations from the study protocols, 
and no patients dropped out during the follow-up pe-
riod. All patients regularly attended follow-up visits 
and maintained a good level of oral hygiene. 

Two implants failed to integrate and were removed, 
so functional loading was applied on 109 implants. 
During the 36-month follow-up, no other implants 
were lost (98.2% survival rate, 100% from loading), 
but four implants did not meet the criteria for success, 
due to excessive crestal bone loss, resulting in a 94.6% 
success rate, 96.3% from loading; similar success rates 
were found among different groups of implants and 
between maxillae and mandibles (Tables 3 to 5; Fig 3).

Mean marginal bone loss during functional loading 
was 0.56 ± 0.69 mm (median: 0.31 mm; range: 0.01 to 
4.20 mm), considering all implants; 0.44 ± 0.72 mm 
(median: 0.24 mm; range: 0.04 to 4.20 mm) for ultra-
short implants, 0.46 ± 0.37 mm (median: 0.33 mm; 
range: 0.05 to 2.53 mm) for 9-mm implants, and 0.75 ± 
0.86 mm (median: 0.54 mm; range: 0.01 to 3.86 mm) for 
11-mm-long implants (Table 6). Most of the implants 
(n = 65; 59.6%) showed PBL ranging from 0.1 to 0.5 
mm (Fig 4). A comparison between CBL and PBL values 
of 6 mm and longer implants is shown in Fig 5.

The mean anatomical C/I ratio for 6-mm implants 
was 2.26 ± 0.52 (median: 2.19 mm; range: 1.08 to 3.16), 
while the mean clinical C/I ratio at baseline was 2.31 ± 

a

d

b

e

c

f

Fig 2  Radiographs (a) before surgery, (b) with paralleling pin, (c) after surgery, (d) at baseline with provisional restoration, (e) at 
1-year follow-up, and (f) at 3-year follow-up.
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0.49 (median: 2.25 mm; range: 1.31 to 3.16). As expected, 
both clinical and anatomical ratios were highly depen-
dent on the implant length, the shorter implants having 
higher C/I ratios with shorter implants, as shown in Fig 6. 

Concerning peri-implant soft tissues, the mean PPD 
at the last follow-up was 3.03 ± 1.17 mm (range: 2 to 
8 mm), and the mean recession was 0.09 ± 0.36 mm 
(range: 0 to 4 mm). BoP was observed in 12.4% of sites, 
with 31.2% of implants having at least one bleeding site.

A total of 61 prosthetic devices were emplaced (12 
single crowns and 49 multiple-element prostheses); 
4.9% were screw-retained and 95.1% were cement-
retained prostheses. At the time of follow-up, there 
were prosthetic complications in 3.3% of the implants. 
Additionally, a fracture of a connection screw in one 
implant supporting a partial prosthesis and the dece-
mentation of a fixed bridge were observed. 

Table 1 Implant Distribution According to 
Length and Diameter

Diameters

Lengths

6 mm 9 mm 11 mm

3.3 mm   0 10 12

3.8 mm   0 18 18

4.5 mm 23   9 10

5.2 mm 11   2   0

Total 34 39 38

Table 2 Implant Sites According to Implant 
Lengths

Lengths

Implant sites

Incisors Canines Premolars Molars Total

6 mm 0 0   9 25 34

9 mm 1 0 13 25 39

11 mm 8 4 15 11 38

Table 3 Overall Success and Survival Rates in 
Relation to Length and Position

SR  
(from ti)

SR  
(from t0)

SSR  
(from ti)

SSR  
(from t0)

Length

6 mm 94.1% 97.1% 97.0% 100%

9 mm 94.9% 97.4% 97.4% 100%

11 mm 94.7% 94.7% 100.0% 100%

Position

Maxilla 93.9% 95.4% 98.5% 100%

Mandible 95.6% 97.7% 97.8% 100%

Total 94.6% 96.3% 98.2% 100%

SR = success rate; SSR = survival rate; ti = time of insertion;  
t0 = time of loading.

Table 4 Cumulative Success Rates at the 
Follow-up Controls

Follow-up 
(mo)

Implants 
in situ 
(no.)

Failed 
implants 

(no.)

Interval 
failure 
rate

Cumulative 
success 

rate

0–12 109 1 0.9% 99.1%

12, 1–24 109 1 0.9% 98.2%

24, 1–36 82 2 2.4% 95.8%

Table 5 Failed Implants After Loading

Implants
Dimensions 

(mm) Site Prosthesis

Clinic 
C/I ratio 
(baseline)

1 6 × 5.2 46 Single 2.25

2 9 × 3.3 14 FDP 1.05

3 11 × 3.3 24 FDP 1.83

4 11 × 3.3 23 FDP 1.62

FDP = fixed dental prosthesis.

12%

≤ 0.1 mm 0.1–0.5 mm 0.6–1 mm 1.1–1.5 mm > 1.5 mm

67%

6 mm 9 mm 11 mm TOT

18%

3%
8%

66%

16%

3%
8%

3%

47%

29%

8%
13%

7%

60%

21%

5%7%

Fig 3  PBL distribution related to implant length.
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Statistical analysis showed no correlation between 
elevated PBL and ultrashort implants; more specifi-
cally, no statistical differences were observed between 
the mean PBL values of the 6-mm and 9-mm (P = .888) 
implant groups; differences between the mean PBL 
values of the 6-mm and 11-mm groups (P = .099) and 
of the 9-mm and 11-mm-long groups (P = .063) were 
slightly significant. No significant differences were ob-
served when comparing implants with different diam-
eters (P = .123).

Higher C/I ratios for shorter implants did not seem 
to be relevant to determine higher PBL and to affect 

success rates: no correlation was found between an-
atomical (P = .717) or clinical C/I ratio and PBL (P = 
.722), as can be seen in Figs 7 and 8. 

DISCUSSION

Studies published in the last 15 years appear to validate 
the use of short implants, ie, those having an intrabony 
length of ≤ 8 mm.5 Srinivasan et al19 have suggested 
that a better definition of what  “short” means, when 
speaking about implant length, would be in the 6- to 
7.5-mm range, while “ultrashort” implants could be 
those < 6 mm in length.

The present prospective cohort study supports the 
use of 6-mm-long, wide-diameter, threaded implants 
with a moderately rough surface. After 2 to 3 years in 
function, only one of such implants was lost and only 
one other had to be considered as having failed on the 
basis of crestal bone loss.

The results of this study are consistent with data 
from published studies on short implants with a mean 
follow-up longer than 2 years, which report survival 
and success rates ranging from 92% to 100% and from 
80% to 100%, respectively, depending on the follow-
up time considered20–37 (Table 7). 

In the present study, only two implants were lost 
and were reported as early failures. No implants were 
lost after functional loading, although four were 

Table 6 PBL and C/I Ratios for Each Study Group
Study  
group

PBL (mm) 
(median ± SD)

PBL (mm) 
(median, range)

Anatomical  
C/I ratio

Clinical C/I  
ratio (t0)

6 mm 0.44 ± 0.72 0.24 (0.04–4.20) 2.26 ± 0.52 2.31 ± 0.49

9 mm 0.46 ± 0.37 0.33 (0.05–2.53) 1.44 ± 0.35 1.49 ± 0.35

11 mm 0.75 ± 0.86 0.54 (0.01–3.86) 1.18 ± 0.29 1.21 ± 0.29

SR (from ti) SR (from t0)

6 mm

100%

96%

92%

88%

84%

9 mm 11 mm

SSR (from t0)SSR (from ti)

100%100%100%100%

97.4%97.4%97.1%

94.7%94.7%94.9%
94.1%

97%

Fig 4  Overall success and survival rates in relation to length 
and position. SR = success rate; SSR = survival rate; ti = time 
of insertion; t0 = time of loading.

Fig 5  Mean CBL and PBL for 6-mm and longer implants.
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0.61

CBL (follow-up) PBL

Fig 6  Anatomical and clinical C/I ratios.
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regarded as failed on the basis of their crestal bone 
loss. These findings are consistent with previous inves-
tigations. A recent review28 reported that late failures 
were observed in only one out of 12 studies on short 
implants. In the studies being reviewed, most implant 
failures (76%) were early, ie, before loading. A cohort 
prospective study by Rossi et al24 reported a 95% sur-
vival rate for moderately rough-surface 6-mm-long im-
plants, with either regular or wide diameters, that had 
been loaded 6 weeks after placement. Taken together, 
these findings suggest that implant surface roughness 
and surgical technique (eg, undersized osteotomies) 
may be more important than implant length. However, 
it should be pointed out that wide diameters may be 
important when using some short and ultrashort im-
plant designs.

Some authors have reported higher failure rates for 
implants placed in maxillae compared with mandibles 
primarily because of differences in bone density in the 
two arches.31,33 The present study detected small but 
statistically not significant differences for implant sur-
vival/success between the two arches (Table 3). Osteo-
tomes were used to prepare many of the osteotomies 
in the maxillae, and the bone condensation associated 
with this method may have added to initial implant 
stability.

Failures did not seem to be related to diabetes or 
smoking status. Since evaluation of the relationship 
between medical history and peri-implant tissues 
was not the aim of the present paper, these results 
were based on heterogeneous data in a small cohort 
(10 periodontally compromised patients, 5 diabetic 
patients, and 7 smokers out of 43). Moreover, each 
patient had a personal professional maintenance pro-
tocol based on his or her medical conditions and local 
factors (ie, keratinized mucosa height and prostheses 
extension), which guaranteed good peri-implant tis-
sue health even in patients at higher risk. Patients with 
a nonacceptable risk of failure were not enrolled in the 
study, according to inclusion/exclusion criteria.

In this study, implants with different lengths and 
diameters were placed both in posterior and anterior 
sites of the arches. Ultrashort implants were primar-
ily used in posterior sites, while long and narrow im-
plants, ie, 11.0 × 3.3-mm implants, were placed more 
often in anterior sites. This may represent an influenc-
ing bias factor of this study. As reported in Table 4, the 
failure rate corresponding to the 2- to 3-year interval 
increased significantly, due to the failure of two 11 × 
3.3-mm implants (ie, not short ones). Implant success 
rates might be affected more by narrow diameters than 
by short implant lengths, yet results of the present 
study showed that the implant diameter was not sig-
nificantly correlated with observed PBL, and narrower 
implants had PBL levels not significantly different from 
those with a regular diameter (4.5 mm). Implants that 
were 6 mm long with a 4.5-mm diameter had a mean 
bone loss of 0.35 ± 0.23 mm; the mean PBL for 9 × 
4.5-mm implants was 0.50 ± 0.48 mm, and 0.65 ± 0.33 
mm was recorded for 1-mm-long ones, with the three 
not being statistically different.

In the present study, the mean PBL for 6 mm-long, 
wide-diameter implants was 0.56 ± 0.69 mm. These 
results are consistent with those of other investigators. 
For example, Malchiodi et al12,27 observed a mean PBL 
of 0.48 mm for a group of 259 implants, 5 and 7 mm 
long, with sintered porous surfaces, while the mean 
PBL observed by Rossi et al24 for 6-mm-long SLActive 
Straumann implants was 0.43 mm. Pieri et al37 report-
ed a 0.60-mm mean PBL for implants with the same 
length after 2 years in function.

PBL means and ranges observed in the three groups 
under examination in the present study show that im-
plants with different lengths behave similarly during 
functional loading. The highest values observed in the 
three groups were due to the four failed implants. Also, 
the mean PBL for 11-mm implants appears a bit high-
er (0.75 mm) than that of the other two groups (0.44 
and 0.46 mm). This could be explained by the two late 

Fig 7  Relationship between PBL and anatomical C/I ratio. Fig 8  Relationship between PBL and clinical C/I ratio.
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failures in this group, since the mean value calculated 
not considering these two implants was 0.58 ± 0.46 
mm.

When short or ultrashort implants are required, 
bone height is not the only limitation that may be 
present. Another significant parameter can be the 
ridge width, since a large diameter of short implants 
is usually chosen to provide implant stability. For this, 
the ridge width must certainly be > 1.5 mm to allow 
short implant placement.38,39 Crown-to-implant ratios 
also may be of some concern if they exceed recom-
mended values. Many investigators have evaluated the 
relationship between C/I and PBL.12,17,40,41 The current 
consensus appears to be that the use of implants with 
C/I ratios much larger than the 1:1 ratio is preferred for 
natural teeth. The data from the present study adds 
further support to this conclusion.

Few (3.3%) prosthetic complications were detected 
in the present study. They were possibly related to the 
extended period of function with provisional pros-
theses. The protocol followed also involved definitive 
abutment insertion, as also described by other au-
thors.14 This technique permits minimizing the stress 
at the bone-implant interface and decreasing micro-
trauma to give higher stability both to hard42 and soft 
tissues43 The PPD (3.03 ± 1.17 mm) and BoP (12.4% 
of sites) values observed suggested that this also oc-
curred in this study.

In this study, all implants were splinted together 
when possible, but no differences were observed 
between single crowns and multi-unit fixed den-
tal prostheses (FDPs). This result is based on very 

heterogeneous data (12 single crowns and 49 prosthe-
ses for multiple elements). The relationship between 
the prosthesis type and PBL when short and ultrashort 
implants are used should be investigated with specifi-
cally aimed studies, as current literature on the subject 
still provides different data; some authors recommend 
splinting shorter implants,22,44 and others report good 
success rates even with single crowns.24,33

CONCLUSIONS

This prospective cohort study revealed that moderate-
ly rough-surface, wide-diameter, 6-mm-long implants 
offer a predictable and minimally invasive treatment 
for rehabilitation of edentulous sites with advanced 
loss in alveolar ridge height. Clinical outcomes were 
not affected by C/I values, and these implants suffered 
no greater crestal bone loss that 9-mm or 11-mm-long 
implants, which included those with standard or nar-
row diameters. Key factors in the successful outcome 
may relate to the fact that initial healing intervals were 
long (5 months), many sites were underprepared or 
developed with hand osteotomes, a long period of 
provisionalization was used, and the majority of im-
plants were splinted to other implants.
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Table 7 Literature Results on Short Implants

Study
Length  
(mm)

Implant design and 
surface

Follow-
up (y)

PBL  
(mm)

SR  
(from ti)

SR  
(from t0)

SSR  
(from ti)

SSR  
(from t0)

ten Bruggenkate  
et al22 (1998)

6 Cylindric TPS 6 – 93.8% – 97.0% –

Renouard and 
Nisand29 (2005)

6 to 8.5 Cylindric Machined/
Oxidized

2–3 0.44 ± 0.52 – – 94.6% –

Arlin30 (2006) 6 Various Various 2 – – – 94.3% –

Deporter et al33 
(2008)

5 Cone-shaped  
Sintered-porous

1–8 – 92.3% – – –

Rossi et al24 (2010) 6 Cylindric SLActive 2 0.43 ± 0.49 – – 95.0% 100.0%

Malchiodi et al (2014 
and 2015)12,27

5 and 7 Cone-shaped  
Sintered-porous

3 0.48 ± 0.29 – 98.1% – 98.8%

Esposito et al36 
(2014)

5 (maxilla)  
5 (mandible)

Cylindric RBM 3
3

1.02  
1.44

–
–

–
–

–
–

–
–

Present  
study

6 Cylindric Sand-blasted 
and acid-etched

2–3  0.44 ± 0.72 94.1% 97.0% 97.0%  100.0%

 SR = success rate; SSR = survival rate; ti = time of insertion; t0 = time of loading; RBM = resorbable blast media.
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Abstract
Objective: This study evaluated the strength of the association between three widely 
used clinical indexes considered as distal behavioural indicators of attitude- related 
oral status (an index of oral hygiene, the plaque index [PI] and two periodontal indexes, 
that is the presence of bleeding on probing [BOP] and of pockets probing depth [PPD]) 
and secondary implant failure due to peri- implantitis in patients rehabilitated with ce-
mented prosthesis.
Materials and Methods: The study included patients who underwent implant- 
prosthetic rehabilitation and had joined the programme of maintenance of the same 
hospital. Implant failures, number of months between implant insertion and implant 
loading, and patients’ surgical protocol were monitored and recorded. Further, PI, BOP 
and PPD—all attitude- related indicators of oral hygiene and periodontal inflamma-
tion—were recorded and related, in terms of odds ratios (ORs) and corresponding risk 
factors, to secondary implant failures.
Results: A total of 1427 patients (2673 implants) were enrolled. The follow- up ranged 
from 1.5 to 9 years (mean 5.3 years±1.3). The cumulative survival rate was 98.01%. 
Thirty- two patients (36 implants, 1.36% of all implants) had implant failure. A statisti-
cally significant association between PI, BOP, PPD and secondary failures due to peri- 
implantitis was observed.
Conclusion: Within the limitations of this study, all three attitude- related behavioural 
indicators—the plaque index (PI), bleeding on probing (BOP) and abnormal probing 
pocket depth (PPD)—proved to be significant risk indicators for secondary implant 
failure due to peri- implantitis, both from a clinical and from a socio- psychological 
attitude- related perspective.

K E Y W O R D S

dental implant, failure, oral hygiene, retrospective

1  | INTRODUCTION

Despite the remarkably high survival rate of dental implants, it is im-
portant to understand factors related to implant failures so that pre-
vention of negative events can be implemented both at the clinical 
and at the psychosocial level. Whereas at the clinical level, careful 

consideration of oral health status may seem fairly obvious to clini-
cians, background psychological aspects and behavioural indexes of 
patients’ attitude- related poor oral hygiene are often neglected, even 
when they actually may play a crucial role in determining desirable clin-
ical outcomes. In line with the tenets of experimental social psychol-
ogy—a relatively new life science typically proceeding by hypothesis 
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testing1—at the psychological level of functioning, poor oral care and 
hygiene may easily stem from wrong habits, beliefs and attitudes to-
wards the dentist and oral hygiene maintenance.2,3 Insufficient oral 
hygiene may in turn result into severe conditions of poor oral health, 
as part of a process leading from periodontal inflammation to irre-
versible implant failure.4 Negative oral health- related outcomes such 
as teeth decay, deteriorated dental aesthetics, teeth loss and implant 
failure are not negligible events, as they all deeply affect patients’ self- 
regard, self- esteem and, ultimately, patients’ broader social function-
ing.5-7 Good oral health and quality- of- life bolstering psychological 
conditions, by contrast, have been demonstrated to be systematically 
linked—among others—to successful crown therapy,3 reduced den-
tine hypersensitivity,8,9 and, more generally, proper orthodontic treat-
ments and interventions.6

On a concrete, behavioural plan, some distal behavioural indica-
tors commonly used in clinical practice, such as the plaque index (PI), 
presence of bleeding on probing (BOP) and of probing pockets depth 
(PPD), play a crucial role because they allow the clinician to directly 
monitor what patients do or have actually done in order to maintain 
proper oral conditions, rather than limiting the measurements only to 
the more abstract “emotional” or “cognitive” components of patients’ 
attitude- related behaviours towards oral health.

Implant failures can be divided into early and late failures.10,11 
Early failure occurs before implant loading,12 while late failure after 
occlusal loading.13,14 Peri- implantitis is one of the causes of late im-
plant failure and can be defined as the presence of bleeding and/or 
suppuration on probing, redness and swelling of the mucosa, deep-
ening of the pockets adjacent to the dental implants and loss of sup-
porting bone.15 Treatment of peri- implantitis represents a challenge 
for clinicians. Thus, it becomes important to understand which factors 
can lead to the development of the disease. Plaque accumulation is 
a risk factor for infection. The majority of the authors recommend to 
routinely assess plaque, marginal bleeding, bleeding on probing and 
probing depth during the follow- up visits of their patients treated 
with implant- prosthetic rehabilitation. This is because inflammatory 
processes can ultimately lead to implant failure and, thus, good oral 
hygiene is considered as a positive predictor of implant success.16 A 
correlation between previous periodontal disease and peri- implant 
status is also supported by the literature.17 The presence of peri-
odontal bacteria around failing implants could suggest a correlation 
between periodontitis and peri- implantitis.18

Inflammatory processes can be diagnosed through presence of 
bleeding on probing and of deepened probing depth.19

Dental practitioners play an important role in the diagnosis of gin-
gival, periodontal and peri- implant diseases. It is not yet known the 
level at which peri- implant indexes can be used to predict the risk of 
implant failure, that is to say above which values the clinician should 
fear the possibility of implant failure and which is the role that the 
periodontal follow- up performed by the hygienists can have.20

The aim of this work was to assess the strength of association 
between three widely used indicators (the index of oral hygiene, 
the plaque index [PI], and two periodontal indices, that is presence 
of bleeding on probing [BOP] and presence of probing pocket depth 

[PD]), considered as distal behavioural indicators of attitude- related 
oral status, and secondary implant failure due to peri- implantitis in pa-
tients following a dedicated maintenance programme.

2  | MATERIALS AND METHODS

The participants of this retrospective longitudinal study were selected 
among those who had undergone implant- prosthetic rehabilitation 
at the Department of Dentistry, IRCCS San Raffaele Hospital, Milan, 
Italy. Patient records and data recorded at the department in the digi-
tal database software (Dental Management System DMS, ET Edizioni 
Tecnologiche, Milan, Italy) were analysed. The STROBE Statement for 
improving the quality of cohort studies was followed.

Conical implants with rough surface (Micro Rough Surface—MRS®) 
and internal hexagon connection were used (K implants, WinSix®, 
BioSAFin. S.r.l.—Ancona, Italy).

Inclusion criteria were as follows:

• Adult patients (>18 years) with partial edentulous status, submit-
ted at the Department of Dentistry, IRCCS San Raffaele Hospital, 
Milan, Italy, for the implant-prosthetic therapy, with the insertion of 
at least one fixture;

• Patients referred, at the end of their implant-prosthesis rehabilita-
tion, to the implant maintenance programme at the Centre for Oral 
Hygiene and Prevention (COHP) of the same Department, and in-
serted in the programme to follow-up.

• No systemic contraindications to implant-prosthetic therapy;
• Complete medical records present;
• Follow-up of at least 1.5 years.

Exclusion criteria were as follows:

• Patients who had not joined the programme of maintenance and 
follow-up at the COHP of the same hospital;

• Patients with incomplete data about implant failures;
• Full-arch rehabilitations;
• Rehabilitations with at least one tilted implant;
• Rehabilitations with implants shorter than 9 mm;
• Screw-retained rehabilitations.

All patients signed a consent form for implant- prosthetic rehabilita-
tions and implant surgery.

Eligible patients had undergone at the COHP the following 
protocol:

• An initial examination (t0) performed about 30 days before the im-
plant/s insertion;

• A second visit performed at the time of prosthetic functionalization 
(t1);

• Thereafter, a series of check-ups organized periodically, every 
4 months (t2, t3,…, tn,…), during which the PI, BOP and PD were 
detected.
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The clinical protocol adopted during the sessions of follow- up is 
described in Table 1, which reports the operating sequence used for 
healthy implants.

Instead, when the implant site appeared to suffer from mucositis 
and/or peri- implantitis, the operational protocol was modified adopting 
the addition of the so- called cumulative interceptive supportive ther-
apy (C.I.S.T.),21 depending on the severity of the pathology observed.

According to Sanz et al.,15 peri- implant mucositis and peri- 
implantitis were defined as:

• Peri-implant mucositis: Presence of redness and swelling in the 
peri-implant soft tissue. Bleeding on probing is currently recognized 
as the important feature. No appreciable peri-implant bone loss.

• Peri-implantitis: Presence of an inflammatory process around an im-
plant, including both soft-tissue inflammation and progressive loss 
of supporting bone beyond biological bone remodelling.

A vertical distance of 2 mm from the expected crestal bone level 
following remodelling after implant placement was considered as the 
threshold level.22 Moreover, the parameter used to assess soft- tissue 
inflammation in either mucositis or peri- implantitis was the bleeding on 
probing (BoP) index.22

2.1 | Data collection and preliminary coding

The primary outcome measure was secondary implant failure due to 
peri- implantitis, with “implant failure,” meaning the removal or loss of 
an implant for progressive peri- implantitis after successful loading. 
For each patient, the number, the time, the reason of implant failure 
and the surgical protocol adopted for the insertion were recorded.

The plaque index (PI O’Leary), the presence of bleeding on probing 
(BOP) and of probing pockets depth (PPD) were recorded on teeth, 
whereas modified plaque index (mPI) and modified bleeding index 
(mBOP) referred to implants.23,24 Each measurement was acquired at 
mesial, distal, palatal and vestibular sites.25

Data were considered from the first maintenance visit, at 4 months 
from prosthetic functionalization of implants to the end of the follow- 
ups. Mean values were calculated at patient level, for each of the study 
variables and across all follow- up visits. Thus, with respect to the PI 
O’Leary and mPI variables, data were coded into “low presence of 
plaque”	(PI≤25%)	vs	“presence	of	plaque”	(PI>25%).	Analogously,	with	
respect to the BOP and mBOP variables, data were coded into “low 
presence	of	bleeding	on	probing”	(BOP≤30%)	vs	“presence	of	bleeding	
on probing” (BOP>30%). Finally, with respect to the PPD variable, data 
were	coded	into	“absence	of	probing	depth”	(PPD≤4)	vs	“presence	of	
at least one site with probing depth” (PPD>4 mm). All analyses were 
conducted at patient level.

2.2 | Statistical methods and plan for the analyses

Odds ratios (ORs) were calculated separately for PI (O’Leary)/mPI, 
BOP/mBOP and PPD to test their role as attitude- related risk indica-
tors of secondary implant loss. Confidence intervals at 95% and Z-tests 

of significance for ORs were also computed, to provide an estimate of 
range of expected results, along with a test of statistical significance, 
for each of the three potential risk factors. The degree of independ-
ence vs. association in the cross- tabulations of categorical variables re-
lated to each of the three ORs was established by χ2 tests. The P- value 
for each statistical test of significance was set at .05.

3  | RESULTS

A total of 1751 patients (4637 implants) were rehabilitated from 
March 2006 to March 2013.

Thirty- eight patients (266 implants) were excluded because they 
were treated with full- arch rehabilitation after grafting procedures; 
31 patients (296 implants) were excluded because they were treated 
with full- arch rehabilitation without grafting; 137 patients (742 im-
plants) were excluded because they were treated with tilted implants 
for full- arch rehabilitation; 8 patients (21 implants) were excluded be-
cause they were treated with tilted implants for partial rehabilitation. 
Subjects excluded because treated with screw- retained rehabilitations 
were all part of these excluded cases. Finally, 1537 subjects (3312 
implants) were considered as eligible subjects and treated between 
March 2006 and March 2013.

Further, 110 patients from this latter group were excluded, as 
they did not adhere to the maintenance programme. Indeed, the 
110 patients were excluded because they were not present at least 
at one recall visit. So, the minimum adherence was three visits each 
12 months (1 visit each 4 months). Thus, the ratio between suggested 
and attended visits each year was one. A total of 1427 subjects (2673 
implants) were thus included in the study. Patients’ clinical follow- up 
ranged from 1.5 to 9 years (mean 5.3 years±1.3), and the number of 
detections/visits per patient ranged from a minimum of four detec-
tions/visits (for patients with follow- up of 1.5 years) to a maximum of 
22 detections/visits (for patients with follow- up of 9 years). The flow 
chart of the study is depicted in Figure 1.

3.1 | Implant failure

Preliminary descriptive analyses showed that a total of 31 patients 
(M: 10; F: 21) experienced implant loss. Thirty- six implants (1.35% of 
2673 implants) failed. The cumulative survival rate was 98.01% (36 
implants failed). Twenty patients (among 31 patients) experienced 
early failure of 24 implants in a range of time of 1- 3 months from im-
plant insertion (in these cases, implant failure was due to primary in-
fection). Eleven patients (12 implants) experienced secondary implant 
failure, all because of peri- implantitis.

In total, 803 implants (30.04%) in 314 patients suffer from mucosi-
tis and 238 implants (8.90%) in 98 patients suffer from peri- implantitis.

Data about the location, size and type of failed implants for sec-
ondary infections are reported in Table 2. Ten of these 11 subjects 
were females. Among these subjects, four patients experienced im-
plant failure before 20 months and four patients more than 3 years 
from insertion (Table 2).
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F IGURE  1 Flow chart of the study
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All the failed implants were inserted using a delayed loading proto-
col, with no post- extractive implants; in one patient, the insertion was 
made on previously regenerated alveolar bone.

Considering the entire follow- up period, further descriptive analy-
ses of the PI, BOP and PD indexes conducted on patients with second-
ary implant failure revealed the following pattern of preliminary results:

• An average PI (O’Leary)/mPI [mean values between PI (O’Leary) val-
ues and mPI values] of 28.4%±14.8% (range: 11%-58.5%), with five 
patients of 11 showing a mean PI (O’Leary)/mPI index >25%.

• An average BOP/mBOP [mean values between BOP values and 
mBOP values] of 13.4%±12.7% (range: 2%-33%), with three pa-
tients showing a mean BOP/mBOP index>30%.

• An average PD >4 mm of 34%±26.1% (range: 3%-73% of sites), 
with five patients showing a mean PD >4 mm during the follow-up 
in more than 25% of sites.

Main statistical analyses revealed that, when the relationships 
between (i) mean PI (O’Leary)/mPI and secondary implant failure, 
(ii) mean BOP/mBOP and secondary failure and (iii) PD>4 mm and 
secondary implant failure were evaluated to test the role of these 
variables as potential risk factors, the following results emerged 
(Table 3):

• A statistically significant association between PI (O’Leary)/mPI and 
secondary implant failure (χ2

(1)=5.58, P=.018, without Yates’ correc-
tion), corresponding to an OR for PI (O’Leary)/mPI >25% of 3.82.

• A statistically significant association between BOP/mBOP >30% 
and secondary failure (χ2

(1)=5.23, P=.022, with Yates’ correction), 
corresponding to an OR for BOP/mBOP >30% of 5.86.

• A statistically significant association between PPD >4 mm and im-
plant failure (χ2

(1)=7.54, P=.006, without Yates’ correction), corre-
sponding to an OR for PD >4 mm of 4.60.

TABLE  2 Raw data on secondary implant failures

N Gender
Tooth site (Palmer 
numeration)

Months from insertion 
and failure

Months from loading 
to failure Width (mm) Length (mm)

Patient 1 F 3.2 38 33 3.3 13

Patient 2 F 1.6 6 1 5 10

Patient 3 F 1.5 24 24 6.5 9

Patient 4 F 1.5 33 30 3.3 11

Patient 5 F 1.6 47 44 4.5 11

Patient 6 F 1.6 20 12 5.2 9

Patient 7 M 2.7 4 1 5 10

Patient 8 F 4.6 23 20 3.8 9

Patient 9 F 3.6 15 12 4.5 11

Patient 10 F 4.5 72 69 3.8 11

Patient 11 F 4.6- 3.6 59 56 4.5 11

Chi- square and 
P- values

Odds 
ratios 95% CIs Z- test P

PI (O’Leary)/
mPI >25%

χ2
(1)=5.58 

P=.018 
without Yates’ correction

3.82 1.16- 12.62 2.20 .028

BOP/mBOP 
>30%

χ2
(1)=5.23 

P=.022 
with Yates’ correction

5.86 1.53- 22.48 2.58 .01

PPD >4 mm χ2
(1)=7.54 

P=.006 
without Yates’ correction

4.60 1.39- 15.22 2.50 .012

TABLE  3 Systematic relationships 
between secondary implant failure and 
identified risk factors

TABLE  1 Operating protocol at C.I.O.P. Visits and data 
acquisition performed every 4 months from the prosthetic 
functionalization of osseointegrated implants

1.  Check the patient’s medical history framework;
2. Assessment of exposure to risk factors for the peri-implant disease;
3. Detection of clinical parameters: PI O’Leary, PPD, BOP;
4. Education and patient motivation to correct and regular oral 

hygiene at home, and—where necessary—to the use of at-home 
hygiene aids adequate to implant-prosthesis;

5. Supragingival scaling;
6. Supragingival air-polishing with powder of glycine in average grain 

size;
7. Subgingival polishing with powder of glycine at a very low particle size
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4  | DISCUSSION

This study found a statistically significant association among poor oral 
hygiene and related periodontal inflammation status and secondary 
implant failure due to peri- implantitis. More specifically, all three indi-
cators (PI, BOP and PPD), considered through all maintenance visits, 
were systematically and reliably associated with secondary implant 
failures due to peri- implantitis. The risk of experiencing secondary 
implant loss was 3.8 times higher for patients with PI (O’Leary)/mPI 
>25% than for their counterparts. Analogously, the risk of experienc-
ing secondary implant loss was 5.86 times higher for patients with 
BOP/mBOP >30% if compared with their counterparts. Finally, the 
risk of experiencing secondary implant loss was 4.60 times higher 
for patients with PPD >4 mm than for their counterparts. Taken to-
gether, this pattern of results suggests that PI, BOP and PPD should 
be carefully monitored as indicators of a concrete risk of experienc-
ing secondary implant loss—a risk that we estimated, even in the case 
of the most favourable observed outcome (PI), of at least four times 
(OR=3.8) more pronounced for exposed patients than for their non- 
exposed counterparts.

In showing how poor oral hygiene is linked to deteriorated oral sta-
tus and, in turn, to implant failure, our pattern of results also steers 
attention to those implicit socio- psychological factors (eg wrong 
attitude- related habits and beliefs towards the dentist and/or oral hy-
giene)2,3 which should constitute the target of informed and specific 
interventions, aimed at monitoring and preventing their negative ef-
fects. In this respect, a clear limit of this study is that we considered 
only three distal attitude- related indexes (PI, BOP and PPD) of the be-
havioural component of oral hygiene. Further studies could thus benefit 
from considering also the role of more traditional “cognitive” and “emo-
tional” components of patients’ thinking and feeling about oral health.

From a methodological point of view, the identification of risk fac-
tors would be even more informative if conducted on the basis of lon-
gitudinal prospective studies. Nevertheless, retrospective studies with 
a considerable sample size—such as ours—can suggest clinically useful 
risk indicators as well, to closely monitor patients’ oral status during 
maintenance. In this respect, in a 15- year prospective study on 46 
edentulous patients poor oral hygiene was associated with bone loss, 
while only one secondary failure was recorded.26 Other retrospective 
studies tried to identify risk indicators associated with implant compli-
cations, but substantial differences in the protocols used make a direct 
comparison with our study difficult. Roos- Jansåker et al.17 presented 
data on 218 patients with 9-  to 14- year follow- up and found a sig-
nificant correlation between implant loss and periodontal bone loss 
at remaining teeth. At patient level, peri- implantitis was related to a 
previous history of periodontitis and smoking,4 while no correlation 
was found with the frequency of visits to the hygienist/dentist and, at 
the implant level, with plaque.

Recently, Daubert et al.27 in examining the time of implant failure 
in a sample of 96 patients (225 implants) with a follow- up time of 10.9- 
1.5 years, reported five secondary failures due to peri- implantitis, all in 
patients with history of periodontitis. Data on oral hygiene and main-
tenance visits were not considered.

Implant survival rate in non- periodontitis and periodontitis pa-
tients has been analysed in several studies. The data indicate that 
patients with periodontitis are more prone to peri- implantitis,4 bone 
loss around implants and eventually implant failure.28,29 Patients with 
chronic periodontitis had four times more chance of developing peri- 
implant disease than patients with healthy periodontal tissues.30 A re-
cent study states that within the same subjects, putative periodontal 
pathogens are common to both periodontal and peri- implant sites irre-
spective of health status, while the prevalence and levels of P. gingivalis 
and F. nucleatum are significantly associated with periodontitis, but not 
with peri- implantitis.31

All the patients included in the study were treated using similar re-
habilitation protocols, followed an accurate maintenance programme. 
The low failure rate suggests that implant therapy can be successfully 
used in patients who undergo proper therapy and regular periodontal 
maintenance.32

Patients with different follow- up periods were included in the 
study. All patients included followed the proposed maintenance 
programme, and the periodicity of their visits remained more or less 
constant in all patients during their entire follow- up. This seems to 
confirm the validity of a maintenance programme organized based on 
the mechanism of the phone recalls.

Only cemented rehabilitations were used to examine a more ho-
mogenous sample, because the presence of cement can be one fac-
tor in the development of peri- implantitis.4,33 All the patients had 
cemented restoration and were treated in the same way with careful 
removal of all remaining cement.

With the aim of obtaining indications that could be easily applied in 
clinical practice, we chose to correlate presence of secondary failures to 
dichotomized indexes. Thus, with respect to PI O’Leary/mPI, the cut- off 
level was set at 25%, because this is the most common cut- off value 
used in periodontal studies to discriminate between patients with ac-
ceptable vs. bad oral hygiene.23 Analogously, a cut- off value of 30% was 
used for BOP/mBOP in accordance with Joss et al.34  who considered 
as clinical indicators of disease progression or periodontal stability, re-
spectively,	mean	BOP	and	mBOP	values	>30%	or	≤30%.	Finally,	a	cut-	
off level of PPD >4 mm was established because, in clinical practice, it 
has been widely used to individuate subjects with periodontitis.35

5  | CONCLUSIONS

Within the limitations discussed above, all three attitude- related 
behavioural indicators of oral hygiene and periodontal status moni-
tored in this study—the plaque index (PI), the presence of bleeding 
on probing (BOP), and abnormal probing pocket depth (PPD)—proved 
to be significant risk indicators for secondary implant failure due to 
peri- implantitis. All three monitored variables revealed significant 
increases in the risk of experiencing secondary implant failure due 
to peri- implantitis—a risk that we estimated, even in the case of the 
most favourable observed outcome (PI), of at least (circa) four times 
(OR=3.8) more pronounced for exposed patients than for their non- 
exposed counterparts. This pattern of results has clear and distinct 
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relevance for preventing implant failure, both from a clinical and from 
an attitude- related socio- psychological perspective.

6  | CLINICAL RELEVANCE

6.1 | Scientific rationale

In the current literature, it is not yet known how peri- implant attitude- 
related indexes can be used to predict the risk of implant failure; that 
is, above which values the clinician should fear the possibility of im-
plant failure, and which is the role that the periodontal maintenance 
performed by the hygienists can have.

6.2 | Principal findings

Attitude- related behavioural indicators of oral hygiene—the plaque 
index (PI), and the periodontal indices bleeding on probing [BOP] and 
abnormal probing pocket depth (PPD)—proved to be significant risk 
indicators for secondary implant failure due to peri- implantitis.

6.3 | Practical implications

A correct maintenance protocol can preserve good oral hygiene in implant 
patients and can lower the risk of secondary implant failure, both from a 
clinical and from a socio- psychological attitude- related perspective.
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Prosthetic rehabilitation after total resection 
of the nose and premaxilla for adenosquamous 
carcinoma 
Marzorati Gianluca, Palumbo Luca, Capparè Paolo, Gastaldi 
Giorgio, Gherlone Enrico F. 
Dental School, Università Vita-Salute San Raffaele, Milan, Italy 
Aim: Maxillofacial defect caused by cancer treatment 
represents a problem affecting the quality of 
life of patients. The prosthetic rehabilitation is a 
surgical alternative in functional-aesthetic facial 
reconstruction when the conventional reconstructive 
surgery cannot be applied either because of the 
psychophysical conditions of the patient or because 
of an excessive excessive loss of tissue. The aim of this 
study is to report an our technical approach to the 
rehabilitation of a complex oronasal defect by means 
of a implant-supported dental prosthesis combined 
with a nasal epithesis. 
Methods: We present the case of a 82 years-old man, 
who had a maxillectomy and total rhinectomy defect 
because of a adeno squamous cell carcinoma of the tip 
of the nose. After the surgery, the patient presented 
a maxillary defect associated to the absence of the 
nasal pyramid. We hereby describe one prosthetic 
device rehabilitating two iatrogenic defects by means 
an overdenture supported to four implants with 
locator attack that extends throughout the oronasal 
communication: this offering nasal epithesi anchorage. 
Both dental prosthesis that epithesis are completely 
removable from the patient. After oncological 
surgery, temporary epithesis was necessary because 
the surrounding tissues are still in a healing process 
and they cannot excessively stressed. Six months 
later, four intraoral implants were placed in maxilla 
and they offer good anchorage in rehabilitating wide 
defects after oncological surgery and a good chance 
for patients to improve their quality of life. 
Results: Since one year the patient has a prosthetic 
rehabilitation that allows good phonetics, proper 
nutrition and adequate social relationship. The patient 
well tolerated the prosthesis, and he was able to do 
a proper oral and nose hygiene. From an oncological 
point of view, there was no relapse of the pathology. 
The patient did not receive radiotherapy and was nonsmoker, 
two factors that are known to influence the 
success of implant therapy. 
Conclusion: The prosthetic rehabilitation offers a good 
chance to social reintegration because the aesthetic 
result and facial camouflage are good and then it allows 
a good retention of the nasal epithesis and an esthetic 
result which is satisfying for the patient. Despite the 
accurate professional and home care required by intraoral 
implants, prosthetic rehabilitation could be considered 
an effective and suitable method for rehabilitation of 
extensively resected head and neck cancer patients. 
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Dental implant rehabilitation at the dental 
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Comparative study between sinus floor elevation 
and tilted implant in the atrophic posterior 
maxilla 
 
Manenti C., Mottola F., Tetè G., Vinci R. 
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Methods: 

Results: 
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Split crest technique in the atrofic maxilla: 
indication for the treatment 
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rehabilitation of the hard and soft tissues in case 
of agenesis of anterior teeth 
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Implant prosthetic rehabilitation in HIV-positive 
patients: a comparison of two different implant 
surface roughness 
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�} 0.21 mm for FCC

�} 0.42 mm for MRS implant

�} 0.32 mm for FCC implant
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Grande rialzo di seno mascellare 
con l’utilizzo di Hypro-Oss e contestuale inserimento di impianti in una severa atrofia

Angelo Cardarelli*, Filippo Cardarelli**, Raffaele Vinci***, Enrico F. Gherlone°

* DDS, Specialista in Chirurgia Odontostomatologica, Professore a Contratto e Consulente Scientifico, Unità di Chirurgia Orale Reparto di Odontoiatria, Università Vita Salu-
te, IRCCS Ospedale San Raffaele, Milano.
** DDS, Specialista in Ortogantodonzia, libero professionista, Isernia.
*** MD, DMD, MS, Professore Associato, Unità di Chirurgia Orale, Reparto di Odontoiatria, Università Vita Salute, IRCCS Ospedale San Raffaele, Milano.
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Introduzione
Il riassorbimento osseo nel mascel-

lare posteriore inizia con la malat-

tia parodontale e continua con la 

perdita dei denti, che induce una 

diminuzione dell’ampiezza della 

cresta ossea a discapito della teca 

vestibolare1-3. Il seno mascellare 

attraversa tre fasi di espansioni fi-

siologiche, dal periodo prenatale 

fino ai 18 anni, la quarta espansione 

si verifica con la perdita dei denti 

posteriori. L’antro si espande sia la-

teralmente che inferiormente e la 

quantità di osso disponibile dal pa-

vimento alla sommità della cresta 

ossea, diminuisce in altezza.

Nell’ambito della chirurgia del 

mascellare posteriore edentulo si 

colloca il sollevamento del seno ma-

scellare, comunemente denomina-

to rialzo del seno. Nel 1980 Boyne e 

James pubblicarono la tecnica del 

riempimento subantrale con osso 

autogeno. Nel 1984 Misch perfezionò 

questa tecnica sistematizzandone le 

indicazioni in rapporto all’osso di-

sponibile in altezza al di sotto dell’an-

tro4. Questa tecnica è ormai provata 

come altamente predicibile, a patto 

che ci sia una adeguata selezione dei 

pazienti, un training adeguato del 

chirurgo e anche una compliance 

del paziente5. La complicanza intrao-

peratoria più frequente e comune 

è rappresentata dalla perforazione 

della membrana di Schneider, che 

può verificarsi durante l’osteotomia 

o durante lo scollamento della mem-

brana. Complicanza invece a breve 

termine può essere la deiescenza del-

la linea di incisione con possibilità di 

diffusione di infezioni all’innesto e 

perdita del biomateriale; le infezioni 

sono presenti in circa il 5% dei casi 

secondo Misch. Complicanze a lungo 

termine invece hanno una bassa in-

cidenza, e sono circoscritte in genere 

a fistole oro-antrali6,7.

L’attuale classificazione (Con-

sesus Conference 1996) identifica 

4 classi in base all’altezza di osso 

residuo:

• Classe A: osso residuo >10 mm;

• Classe B: osso residuo 7-9 mm, 

rialzo per via crestale con inseri-

mento contestuale di impianti;

• Classe C: osso residuo 4-6 mm, 

rialzo di seno per via laterale e 

contestuale inserimento degli 

impianti;

• Classe D: osso residuo 1-3 mm, 

rialzo di seno per via laterale, 

posizionamento degli impianti 

tardivo a guarigione avvenuta.

Case report
Nel caso descritto la pneumatizzazio-

ne del seno mascellare di sinistra ha 

ridotto notevolmente l’altezza ossea 

in posizione dei primi molari (classe 

D) tale da non permettere l’inseri-

mento degli impianti se non con una 

terapia rigenerativa (Figg. 1-2b)

L’anamnesi negativa e l’assenza 

di abitudini viziate (fumo) ci ha fat-

to optare per il rialzo del seno per via 

laterale con contestuale inserimen-

to degli impianti nonostante l’ele-

vato grado di atrofia. Alla paziente 

è stata somministrata una profilassi 

antibiotica di 2 g di amoxicillina e 

acido clavulanico 1 ora prima della 

seduta operatoria. Previa infiltra-

zione plessica di soluzione aneste-

tica contenente articaina 1:100.000 

del secondo quadrante si procede 

all’avulsione del residuo radicolare 

del 2.7, si esegue un incisione cresta-

le con svincoli verticali di rilascio 

distale e mesiale per ottenere un 

lembo a tutto spessore esteso per 

visualizzare la proiezione del seno 

mascellare sulla superficie ossea 

vestibolare. Mediante terminale pie-

zoelettrico si procede alla creazione 

della botola ossea, quindi si esegue 

lo scollamento e sollevamento della 

membrana sinusale, si preparano le 

sedi implantari e si inseriscono due 

impianti in sede 2.5 (3,8x11TTI Biosa-

fin Winsix) ed in sede 2.6 (3,8x9TTI 

Biosafin Winsix). 

La cavità sinusale pertanto viene 

riempita con una miscela di bone 

chips precedentemente prelevati dal 

pilastro zigomatico e biomateriale 

Hypross-Oss della Bioimplon Ita-

lia (osso bovino naturale costituito 

dal 70% di idrossiapatite e il 30% di 

atelocollagene di Tipo I). A protezio-

ne dell’innesto viene applicata una 

membrana riassorbibile di origine 

bovina Bioimplon Italia (Figg. 3-6). 

Il lembo viene suturato con pun-

ti staccati in seta 4/0. Dopo 4 mesi 

dalla prima fase chirurgica, stabi-

lizzati i tessuti e avvenuta l’osteoin-

tegrazione, si procede alla seconda 

fase chirurgica con la riapertura de-

gli impianti, quindi vengono prese 

le impronte e si procede alla realiz-

zazione prima di un provvisorio, e 

successivamente di un ponte defini-

tivo in metallo-ceramica cementato 

(Figg. 7-10).

Conclusioni
La scelta di inserire contestualmen-

te gli impianti, nonostante l’elevato 

grado di atrofia (classe D) e, quindi 

la scarsa disponibilità di osso resi-

duo, ci ha permesso di ottenere una 

rigenerazione ossea migliore, rapida 

e stabile nel tempo, pertanto quan-

do possibile e soprattutto se si ha la 

possibilità di ottenere la stabilità pri-

maria degli impianti, questa scelta 

risulta essere la più predicibile.

Fig. 1 - Rx endorale iniziale.

Fig. 2a - CBCT seno mascellare sinistro (Atrofia classe D).

Fig. 3 - Scheletrizzazione ossea - Membrana di Schneider.

Fig. 5 - Riempimento con bone chips associato a Hypro-Oss Bioimplon Italia.

Fig. 4 - Elevazione membrana sinusale e contestuale inserimento degli impianti.

Fig. 6 - Rx post-operatoria. 

Fig. 2b - CBCT seno mascellare sinistro.
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Fig. 10 - Rx finale.

Fig. 9 - Finalizzazione protesica.

Fig. 7a - Manufatto protesico definitivo. Fig. 7b - Guarigione a 4 mesi. Figg. 8a, 8b - CBCT a 4 mesi dall’osteointegrazione.
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riassunto
In odontoiatria, la grande diffusione dell’esame CBCT rispetto 
alla TAC convenzionale nella diagnosi 3D della maggior parte dei 
pazienti è dovuta alla minore quantità di radiazioni cui viene sot-
toposto il paziente e alla maggiore semplicità di utilizzo. L’esame 
CBCT, inoltre, dà al medico l’opportunità di integrare la diagnosi 
bidimensionale standard con una ricostruzione digitale in 3D su 
cui pianificare gli impianti. 
La progettazione implantoprotesica computer assistita permette 
contemporaneamente lo studio morfologico, funzionale ed este-
tico dei denti e delle ossa maxillofacciali, al fine di pianificare 
una protesizzazione dentoalveolare implantosupportata.
Nella letteratura scientifica si riscontrano differenti metodologie 
e software sviluppati per pianificare e realizzare guide chirurgi-
che e protesi provvisorie. Molti studi sono stati dedicati all’accu-
ratezza delle diverse tecniche applicate alla chirurgia computer 
assistita. 
La maggioranza delle tecniche per la progettazione digitale delle 
protesi si basa su tecnologie di alto livello, generalmente di 
proprietà delle aziende del settore. In questo modo, chirurgo e 
laboratorio hanno soltanto un controllo parziale sulla procedura 
completa.
Questo articolo descrive una procedura innovativa. Una metodo-
logia basata sulle più avanzate tecnologie, sia per la progettazio-
ne che per la manifattura, ma che, a differenza di tutte le altre, 
può essere gestita in un flusso di lavoro ininterrotto tra il medico 
e il laboratorio. Nei paragrafi a seguire viene illustrata questa 
tecnica, con le sue applicazioni in casi chirurgici reali.

La realizzazione di estese riabilitazioni implan-
tosupportate nel paziente edentulo richiede 
un approfondito iter diagnostico che compren-

de la tempistica d’intervento, la valutazione chirurgi-

ca implantare e il progetto protesico, e che consideri 
anche il risultato estetico che spesso coinvolge tut-
to il distretto medio e inferiore del volto. Soprattutto 
nel protocollo riabilitativo a carico immediato, le fasi 
diagnostica e di impostazione del piano di trattamen-
to rivestono grande importanza. Per questo un’accura-
ta analisi progettuale assistita da software diagnostici 
rappresenta oggi la soluzione più corretta e completa 
per la formulazione del progetto riabilitativo. Da tem-
po la pianificazione implantare può essere trasferita 
con precisione al piano terapeutico reale con l’implan-
tologia computer assistita e oggi, grazie alla tecnologia 
CAD/CAM integrata nei software diagnostici, è possi-
bile associare al progetto chirurgico anche la proget-
tazione e la costruzione della protesi per il carico im-
mediato delle fixture.
La grande diffusione degli esami tomografici volume-
trici a fascio conico del distretto faciale (CBCT) è do-
vuta alla migliore completezza diagnostica che essi of-
frono rispetto agli esami radiografici bidimensionali. 
Grazie alla minore emissione di radiazioni rispetto al-
la tomografia assiale (MSCT), l’impiego della tecnolo-
gia CBCT offre all’odontoiatra l’opportunità di accede-
re più frequentemente a una visione tridimensionale 
del segmento scheletrico analizzato in fase prechirur-
gica (1). I dati DICOM ottenuti dalla CBCT vengono ela-
borati dai numerosi software diagnostici dedicati alla 
simulazione dell’intervento implantare (2). La piani-
ficazione chirurgica virtuale viene trasferita “in vi-
vo” grazie alla costruzione della dima chirurgica che 
guida fedelmente il posizionamento degli impianti, 
come da progetto, mediante l’intervento guidato con 
tecnica “flapless” mininvasiva (3). I moderni softwa-
re di diagnostica e progettazione implantare possono 
inoltre sovrapporre le immagini DICOM alle scansio-
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ni ottiche dei modelli e delle protesi dia-
gnostiche, integrando la programmazione 
chirurgica con il layout protesico. L’obiet-
tivo è quindi l’integrazione del progetto 
implantare con il mock-up della protesi, 
al fine di definire non soltanto gli aspetti 
chirurgici, ma anche quelli funzionali ed 
estetici, propri delle riabilitazioni prote-
siche implantosupportate. Con la tecnolo-
gia CAD/CAM è possibile infine costruire 
il manufatto protesico identico al proget-
to digitale, comprensivo delle connessioni 
implantari: sul modello ottenuto dal pro-
getto digitale si realizza il provvisorio per 
il carico immediato. Nel presente lavoro 
descriviamo un’innovativa procedura ope-
rativa che grazie alle opportunità offerte 
dalle tecnologie digitali e a un protocollo 
diagnostico terapeutico digitalizzato, inte-
gra l’implantologia computer assistita con 
la realizzazione di protesi precostruite per 
il carico implantare immediato.

MatEriaLi E MEtoDi

Il metodo di lavoro proposto si prefigge co-
me obiettivo di fornire un workflow diagno-
stico e terapeutico che utilizzi tecnologie 
digitali avanzate al fine di realizzare riabi-
litazioni protesiche a supporto implantare 
al contempo funzionali ed estetiche. Il pro-
tocollo è stato definito e denominato CAR 
(Computer Aided Rehabilitation) perché in-
tegra e completa il percorso progettuale ca-
ratteristico dell’implantologia computer as-
sistita (CAI). La progettazione implantare 
virtuale è preceduta da un iter diagnostico 
esteso allo studio morfologico, funzionale 
ed estetico del terzo medio ed inferiore del 
volto, finalizzato alla corretta realizzazio-
ne di protesi ortopediche dento-alveolari a 
supporto implantare, necessarie soprattut-
to nei casi di edentulia atrofica associata a 
dismorfismo indotto. La CAR è in sintesi un 
protocollo integrato di elaborazione digitale 
della diagnostica radiologica e clinica fina-
lizzata alla verifica di una corretta proget-
tazione protesica nel rispetto delle funzioni 
orali e dell’estetica facciale (4).
In tabella 1 sono schematicamente riassun-
te le indagini cliniche e strumentali im-
piegate per la formulazione del progetto 
riabilitativo.

La raccolta dei dati clinici e strumentali si 
arricchisce anche della diagnostica per im-
magini, finalizzata all’elaborazione digitale 
dei dati ottenuti. Una maggiore completez-
za diagnostica e la programmazione dell’in-
tervento riabilitativo con le nuove tecnolo-
gie garantiscono la previsualizzazione del 
risultato clinico.

Diagnostica e progettazione digitale
Il workflow proposto per il paziente eden-
tulo o che necessita di una bonifica totale 
degli elementi dentari residui prevede co-
me prima fase lo sviluppo di modelli stu-
dio tradizionali, montati in articolatore. 
Essi fungono da base per la costruzione di 
una protesi totale provvisoria diagnosti-
ca, che il paziente porterà fino al momen-
to della chirurgia implantare. Il manufatto 
rimovibile deve contenere tutte le infor-
mazioni, funzionali ed estetiche, da trasfe-
rire alla protesi fissa implantosupporta-
ta, ed essere funzionalizzato. La congruità 
della protesi totale diagnostica deve essere 
verificata periodicamente, prima dell’esa-
me CBCT. Deve essere stabile e se neces-
sario ribasata per adattarsi all’atrofia dei 
tessuti ossei e al rimodellamento della mu-
cosa nei casi di bonifica degli elementi na-
turali. In questa fase uno studio cefalome-
trico dei tessuti molli e scheletrici sulla 
teleradiografia latero-laterale permette di 
ricontrollare oggettivamente la correttez-
za di parametri fondamentali funzionali 
ed estetici, quali il riassetto delle dimen-
sioni verticali, l’inclinazione del piano oc-

clusale, il montaggio dei denti e la risposta 
dei tessuti molli al nuovo sostegno del lab-
bro (5, 6, 7) (figg. 1 e 2).
La protesi diagnostica, secondo la procedu-
ra RealGuide (3Diemme, Cantù, Italia) che 
di seguito andiamo a descrivere, serve inol-
tre da dima radiologica durante il succes-
sivo esame radiografico con apparecchiatu-
ra CBCT. La guida radiologica non necessita 
di elementi radiopachi, ma viene munita di 
un apposito repere extraorale (3DMarker) 
da includere nel volume durante la scan-
sione tomografica (fig. 3). La presenza del 
3DMarker è necessaria per il corretto posi-
zionamento del layout protesico durante la 
successiva progettazione implantare vir-
tuale (8).
Ottenuti i dati dalla TC a fascio conico in 
formato DICOM, questi vengono accoppia-
ti con una procedura di best fit matching 
con la scansione ottica del modello e con 
la scansione della protesi diagnostica, ef-
fettuate con scanner da laboratorio (fig. 4). 
L’integrazione dei dati provenienti dall’esa-
me radiografico e dalle scansioni ottiche 
fornisce una completa e accurata ricostru-
zione tridimensionale dell’anatomia del pa-
ziente visualizzabile attraverso il software 
di Imaging e progettazione implantare de-
dicato (3Diagnosys v4.1, 3Diemme, Cantù, 
Italia).
In ambiente virtuale, chirurgo e protesista 
completano la fase diagnostica e pianifica-
no il posizionamento delle fixture.
Nel caso clinico descritto la scarsa quan-
tità ossea residua ha indirizzato il chirur-

Tab. 1
Schema procedurale 
delle fasi cliniche e 
strumentali.

Diagnostica clinica
ed esame obiettivo

Visita, anamnesi, esame obiettivo e facciale

Diagnostica strumentale 
dell’occlusione

Montaggio dei modelli in articolatore,
valli di prova, protesi diagnostiche

Diagnostica
per immagini

Ortopantomografia e tomografia computeriz-
zata, teleradiografia latero-laterale (esame 
cefalometrico), fotografia clinica (esame 
cefalometrico delle parti mobili)

Studio prechirurgico Dime radiologiche, dime chirurgiche, analisi 
della TC con software dedicati, programmazio-
ne degli impianti e della guida chirurgica trami-
te software (CAI), oggettivazione del risultato 
estetico e funzionale delle protesi diagnostiche 
(cefalometria 3D)

Protesi Progettazione e realizzazione CAD/CAM
della protesi a carico immediato
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Figg. 1
Nel caso esaminato, ove si rende necessaria la 
bonifica delle due arcate, si nota come lo studio 
prechirurgico sia indispensabile per ristabilire 
dimensione verticale, occlusione ed estetica 
estesa al terzo medio e inferiore del volto.

Figg. 2
Dopo la costruzione di due protesi totali diagnostiche postestrattive,
e in attesa della guarigione dei tessuti, si valuta la congruità del nuovo piano 
occlusale, dell’estetica e dei parametri funzionali del progetto protesico 
programmato.
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l’appoggio della protesi totale diagnostica, 
il suo posizionamento risulta essere cor-
retto se la chiusura in abituale del pazien-
te ne stabilisce posizione e compressione. 
In figura 8 è visibile un momento della fa-
se chirurgica in cui il mounter guida con 
precisione l’inserimento implantare scor-
rendo all’interno del cilindro guida fissa-

to alla dima. Al termine della fase chirur-
gica si procede all’avvitamento dei cilindri 
per protesi avvitata sugli abutment. La fis-
sazione del provvisorio precostruito sul-
le connessioni cilindriche avviene con ce-
mento composito duale. Si ottiene così una 
connessione diretta e passiva del provviso-
rio agli abutment implantari, compensan-

go verso la scelta di un intervento implan-
tare a numero ridotto di impianti, secondo 
la tecnica Just On Four mandibolare (Biosa-
fin, Milano, Italia). Sono stati utilizzati quat-
tro impianti Winsix TTx in posizione intra-
foraminale, dei quali i due distali inclinati 
di 30 gradi, per ridurre il cantilever prote-
sico in zona molare, secondo una tecnica or-
mai consolidata (9). La presenza nelle libre-
rie del programma dei modelli virtuali degli 
impianti e dei monconi protesici facilita ul-
teriormente il posizionamento delle connes-
sioni protesiche. Il progetto non si limita al 
posizionamento spaziale degli impianti, ma 
si completa con la pianificazione delle con-
nessioni protesiche e dei loro rapporti con la 
mucosa e la gengiva aderente. Tutta la pro-
gettazione è conseguente alla visualizzazio-
ne della futura struttura protesica sovra-
stante, per una pianificazione chirurgica 
realmente protesicamente guidata (fig. 5). 
Il progetto risultante viene quindi utiliz-
zato per la modellazione virtuale automati-
ca della guida chirurgica (PlastyCAD v1.5, 
3Diemme, Cantù, Italia), realizzata con tec-
nologie CAD/CAM o di prototipazione ra-
pida. Contemporaneamente è possibile im-
portare il progetto digitale degli impianti, 
con l’aggiunta degli  abutment prescelti vir-
tualmente, in qualsiasi software aperto di 
progettazione protesica per la realizzazio-
ne della protesi provvisoria postchirurgica 
a carico immediato (fig. 6).

Fase chirurgica
La fase chirurgica si realizza con il classi-
co protocollo dell’implantologia mininvasi-
va, quindi con intervento flapless guidato 
dalla dima chirurgica. Il momento del po-
sizionamento della dima è cruciale per il 
corretto posizionamento delle fixture, so-
prattutto nei casi di dime ad esclusivo ap-
poggio mucoso. Come evidenziato in figu-
ra 7, la dima è inserita ad appoggio mucoso 
sull’arcata edentula e viene mantenuta in 
posizione dal paziente attraverso un vallo 
in silicone, denominato indice chirurgico, 
che riproduce fedelmente l’occlusione abi-
tuale. Questo metodo garantisce un appog-
gio mucoso uniforme della dima e riprodu-
ce la normale compressione della protesi 
diagnostica sulla mucosa resiliente. La ba-
se della dima infatti ripete esattamente 

Fig. 3
La ricostruzione 3D 
del massiccio faciale 
edentulo evidenzia 
la presenza del 
repere extraorale 
applicato alla protesi 
durante l’esame. 
L’anatomia chirurgica 
visualizzata attraverso 
l’elaborazione del 
software 3Diagnosys 
v4.1 (3Diemme, Italia) 
permette di realizzare 
con precisione il 
progetto implantare 
virtuale in 3D. 

Figg. 4
Le scansioni ottiche del modello e della protesi diagnostica, effettuate con il marker radiopaco, vengono 
inserite nel software di diagnosi e progettazione implantare, facilitando la progettazione e la scelta 
delle fixture e delle connessioni protesiche. 
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do le discrepanze esistenti tra la posizione 
reale degli impianti e il loro posizionamen-
to digitale (fig. 9). 

risuLtati 

La corretta applicazione della metodica in 

ogni sua fase, è fondamentale per ottene-
re risultati che siano predicibili e ripetibili. 
In ambito protesico è la correttezza della co-

Figg. 5
La pianificazione implantare vista in pseudopanoramica evidenzia la scelta chirurgica 
di una riabilitazione tipo Just On Four mandibolare. I due impianti “tiltati” distali e la 
loro emergenza in corrispondenza dei secondi premolari è visualizzabile in anteprima 
sul software di pianificazione che integra l’anatomia con il progetto protesico.

Fig. 6
Il provvisorio per il carico immediato realizzato sul modello stereolitografico è 
prodotto per fresatura dal pieno in CAD/CAM e poi rifinito e caratterizzato.

Fig. 7
Il posizionamento della dima chirurgica attraverso l’indice chirurgico in silicone. 
Prima di inserire i pin di fissazione progettati, il paziente tiene la dima in posizione 
con l’ausilio del vallo, facilitandone il posizionamento e la sua stabilizzazione 
corretta sulla mucosa resiliente.
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vativo dal punto di vista diagnostico e della 
funzionalità chirurgica, sfrutta al massi-
mo la reale disponibilità ossea tenendo pre-
senti le necessità protesiche, funzionali ed 
estetiche. Un ulteriore vantaggio della me-
todica risiede nella velocità di intervento, 
poiché dopo la fase chirurgica non occorre 
rilevare le impronte avendo già a disposi-
zione la protesi provvisoria realizzata con 
tecnica di fresaggio da scansione della pro-
tesi diagnostica e adattata alle connessio-
ni implantari sul modello stereolitografico 
(15). L’utilizzo di un sistema digitale “aper-
to” consente inoltre l’interazione tra diver-
si software e la realizzazione dei manufatti 
con qualsiasi piattaforma CAD/CAM o mac-
china RP (prototipazione rapida).
L’implantologia computer assistita si serve 
di programmi non solo dedicati alla proget-
tazione delle fixture, ma anche della pro-
tesi post chirurgica. Il progetto protesico, 
oltre a guidare la posizione implantare, vie-
ne inviato ad apparecchiature CAD/CAM 
per la sua realizzazione stereolitografica. 
Con l’impiego di un solo software si posso-
no quindi progettare sia la dima chirurgi-

sioni ottenute dalla CBTC, siamo in grado 
oggi di garantire elevati livelli di accuratez-
za. Lo scostamento del posizionamento im-
plantare rispetto al progetto è quasi sempre 
submillimetrico, sia la deviazione angolare 
che lo scostamento lineare degli impianti ci 
permettono di operare con tranquillità an-
che con tecnica flapless. Già in fase progettu-
ale consideriamo l’eventuale margine medio 
di errore, operando in sicurezza. In tabella 2 
sono riportati i dati di accuratezza del caso 
presentato raccolti mediante sovrapposizio-
ne digitale della CBTC del progetto e di uno 
stesso esame effettuato postchirurgico per il 
controllo radiologico delle fixture. I risultati 
sono molto confortanti e ripetuti  in tutti i ca-
si trattati (tab. 2).

DisCussionE 

Il metodo proposto ha lo scopo di dimostrare 
come in odontoiatria un flusso di lavoro al-
tamente informatizzato possa essere impie-
gato per la progettazione e la realizzazione 
delle riabilitazioni protesiche fisse a sup-
porto implantare. Il protocollo CAR è inno-

struzione della protesi diagnostica a garanti-
re l’efficacia del provvisorio avvitato a carico 
immediato. Quest’ultimo infatti è costruito 
dal pieno via CAD/CAM dai dati della scan-
sione ottica della diagnostica, non può quin-
di essere modificato dopo la sua fresatura. 
Un errore nella costruzione della protesi ra-
diologica/diagnostica viene quindi trasferi-
to in toto alla protesi postchirurgica creando 
un difetto di posizione, morfologico o esteti-
co di non facile risoluzione. È per questo che 
spesso non si utilizzano le protesi preesisten-
ti del paziente, se già portatore di protesi to-
tale, spesso incongrue (10). 
Il corretto posizionamento degli impianti at-
traverso la dima chirurgica è stata oggetto di 
molti studi e lavori scientifici che negli anni 
hanno valutato la fedeltà del posizionamento 
implantare al layout digitale e di conseguen-
za la validità  della tecnica computer assisti-
ta (11, 12, 13, 14). Grazie all’evoluzione della 
tecnica costruttiva della dima, interamente 
digitale, e alla sua stabilizzazione, oltre alla 
riduzione delle tolleranze della componenti-
stica per la chirurgia guidata e alla fedeltà 
delle immagini tridimensionali delle scan-

Figg. 8 e 9
L’inserimento guidato degli impianti si effettua attraverso mounter dedicati. 
A fondo corsa i profili esagonali del mounter e del cilindro guida devono 
coincidere. In questo modo il montaggio degli abutment sull’esagono esterno 
degli impianti corrisponde a quanto progettato sul software di pianificazione. 
Al termine dell’intervento il posizionamento degli elementi protesici passivati 
e avvitati.
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abstract
Lower radiation exposure and simpler application of 
CBCT exam versus conventional CT for 3D diagnosis 
resulted in its great diffusion in dentistry. Moreover, 
CBCT exam offers the possibility to integrate standard 
bidimensional diagnosis with digital 3D reconstruc-
tions on which an implant planning is based.
Computer-assisted implant prosthetic planning al-
lows the morphological, functional and aesthetic stu-
dy of teeth and maxillofacial bones, necessary for the 
planning of implant-supported dentoalveolar prosthe-
sis. Literature reports many different methods and 
softwares developed for planning and manufacturing 
surgical guides and provisional prosthesis. Many stu-
dies also focus on the accuracy of different techni-
ques for computer guided surgery.
Most digital techniques for prosthetic planning are 
based on computer programs generally owned by 
manufacturers, and surgeons and laboratories have 
just a partial control over the full process. 
This article describes an innovative procedure, a 
method based on the most advanced technologies 
both for planning and manufacturing, but that unli-
ke other ones can be fully managed as a workflow 
between the surgeon and the laboratory. In this arti-
cle this technique is illustrated, together with its ap-
plication on real surgical cases.

che soddisfacente, se la si confronta con i 
valori riportati nelle revisioni sistematiche 
in letteratura (17). Ciò significa che la pro-
cedura clinica, la componentistica hardwa-
re e il software, se utilizzati secondo pre-
cisi protocolli, portano a risultati più che 
soddisfacenti. 

ConCLusioni

Il protocollo CAR può rappresentare un ap-
proccio clinico alla soluzione dell’edentu-
lia di una o entrambe le arcate nel pazien-
te edentulo anche in presenza di importanti 
atrofie ossee. Esso consente la previsualiz-
zazione in digitale della riabilitazione im-
plantoprotesica che si intende eseguire e 
del rapporto tra le posizioni spaziali di fix-
ture e sovrastrutture protesiche, con un li-
vello di precisione nelle tre dimensioni cli-
nicamente accettabile e comunque tale da 
permettere al clinico di giungere, a con-
clusione del percorso diagnostico inizia-
le, ad un progetto riabilitativo che tenga 
conto delle quote ossee utilizzabili, e del-
le proprietà del manufatto protesico a cari-
co immediato quale mezzo per il ripristino 
funzionale ed estetico dell’apparato masti-
catorio. ● 

ca per l’intervento flapless mininvasivo, sia 
la struttura protesica provvisoria, che vie-
ne realizzata prima dell’intervento chirur-
gico. L’efficacia a distanza del carico imme-
diato è riportata da studi retrospettivi che 
riportano dati di efficacia molto confortanti 
(18). Per verificare l’accuratezza della pro-
cedura sono stati proposti differenti meto-
di di valutazione (16, 19). L’indagine radio-
grafica tomografica di controllo, necessaria 
dopo l’inserimento implantare, può essere 
utilizzata per calcolare il grado di precisio-
ne della sistematica. Viene eseguita perciò 
una CBTC di controllo con la quale si valu-
tano tridimensionalmente il posizionamen-
to implantare e la guarigione dei tessuti 
(fig. 10). Sovrapponendo il file dell’indagi-
ne volumetrica di controllo a quello del pro-
getto implantare digitale è quindi possibile  
misurare con precisione la discrepanza di 
posizione di ogni singolo impianto.  
Vengono normalmente misurati lo scosta-
mento angolare lungo l’asse maggiore del-
le fixture e le distanze lineari sia all’apice 
che al colletto degli impianti. La media dei 
risultati ottenuti indica il grado di precisio-
ne della metodica. Il livello medio di accu-
ratezza del posizionamento degli impianti 
rispetto al progetto nel caso trattato è più 

Tab. 2 
Misurazione dell’accuratezza nel posizionamento delle fixture. Il matching delle due TC permette di valutare il misfitting degli impianti inseriti con la dima 
chirurgica rispetto alla posizione programmata nel software. Scostamenti angolari al di sotto dei 4 gradi e deviazioni lineari non superiori al millimetro sono da 
considerarsi risultati molto incoraggianti.

Fig.10
CBTC di controllo dopo sei mesi dal carico e dopo la realizzazione del 
manufatto protesico definitivo, cui sono stati aggiunti due elementi in 
estensione distali.

ARCATA IMPIANTO DIFFERENZA APICE mm DIFFERENZA TESTA mm DIFFERENZA 
ANGOLO °

Xs Ys Zs S Xv Yv Zv V

inferiore/ 32 0,16 -0,25 1,44 1,47 0,050 -0,320 1,130 1,18 3,36

appoggio 34 0,89 -0,11 0,55 1,05 -0,070 -0,170 0,200 0,27 3,72

mucoso 42 -0,73 0,5 0,26 0,92 -0,090 -0,050 0,060 0,12 2,29

44 -0,23 -0,01 0,26 0,35 -0,520 -0,050 0,180 0,58 1,44
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Il presente caso clinico de-
scrive la riabilitazione im-
plantoprotesica a carico im-

mediato secondo la metodica 
“Just On 4” che ha permesso alla 
paziente di ottenere sin da subito 
una protesi provvisoria avvitata 
garantendo funzionalità ed este-
tica immediata. In considerazio-
ne delle attuali condizioni socio-
economiche, è oggi importante 
potere offrire ai pazienti comple-
tamente o parzialmente edentu-
li delle possibilità di trattamento 
che siano sostenibili dal punto di 
vista economico e biologico.

Riabilitazione
a carico immediato
con numero ridotto di impianti
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Fig. 1
Ortopanoramica iniziale.

Fig. 2
Situazione clinica iniziale: 

visione extraorale.

Fig. 3
Situazione clinica iniziale: 

visione occlusale.

Fig. 4
Situazione clinica iniziale: 

visione frontale.

Fig. 5
Avulsione degli elementi 

dentari e scheletrizzazione 
ossea.
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Fig. 8 
Inserimento

degli impianti distali
con un angolazione di 30°.

Fig. 9
Impianti inseriti secondo

la metodica
Just On 4.

Fig. 10
Sutura

dei lembi.

Fig. 11
Provvisorio con carico 

immediato.

Fig. 12
Guarigione dei tessuti a 
quattro mesi dal carico.

Fig. 13
Finalizzazione

protesica.

Fig. 14

Situazione
clinica finale.

Fig. 15

Ortopanoramica
finale.
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CONCLUSIONI:
I quattro gruppi testati hanno mostrato una alta capacità di 
sigillo a livello della connessione impianto-moncone; 
sicuramente il livello di ermetici a livello della connessione 
impianto-.moncone può essere considerata accettabile 
clinicamente. I tre impianti testati si sono mostrati a livello 
dell’impianto controllo riguardo al gradi di ermeticità della 
connessione impianto-moncone.

SCOPI: Il presente studio ha avuto come scopo del lavoro di 
testare la capacità di sigillo allo Staphylococcus aureus di 4 
differenti tipi di connessione impianto-moncone.

L’ipotesi nulla testata era che vi sarebbe differenza riguardo la 
capacità di sigillo della connessione tra i 4 tgruppi testati. 
                                                                                                              

MATERIALI E METODI: 

 Quattro diversi tipi di impianti disponibili sul mercato sono stati 
utilizzati per indagare il grado di micro-infiltrazione della 
connessione impianto-monconi (CIA)(Fig.1): Gruppo 1: Torque 
Type conical implant a doppia connessione conica – TTc 
(Winsix, BioSAFin, Ancona, Italy); Gruppo 2: Torque Type 
conical implant con connessione cone morse – TTcm (Winsix, 
BioSAFin); Gruppo 3: K type implant con connessione 
esagonale interna (Winsix, BioSAFin); Gruppo 4: OsseoSpeed, 
quale controllo, a connessione conica interna (Astra Tech, 
Molndal, Sweden). Dieci impianti per gruppo sono stati testati. I 
monconi sono stati connessi agli impianti seguendo le 
indicazioni della casa. Tutte le procedure di connessione e/o 
disconnessione dei monconi dagli impianti sono state eseguite 
in condizioni di sterilità, in una cappa laminare a flusso 
biologico. 
Staphylococcus aureus ATCC 6538, è stato scelto per testare il 
grado di micro-infiltrazione biologica. Infatti,lo S. aureus può 
colonizzare gli impianti in fase precoce può essere 
responsabile di peri-implantite.  system (bioMeriéux Inc., Marcy 
l’Étoile, France). Dopo 72 ore di incubazione, gli impianti sono 

Fig. 1 I quattro tipi di impianti testati 
  
stati rimossi dall’ultimo terreno di cultura e processati riguardo 
il passaggio dei batteri che erano stati inoculati nel loro interno 
prima che la connessione fosse serrata. A questo scopo dopo 
aver rimosso la connessione dagli impianti, attraverso una 
soluzione salina sterile di 5 µl were i batteri inoculati sono stati 
recuperati e portati in un altro terreno di cultura per 
confermarne la vitalità ed identificarli. 

Sealing ability to Staphylococcus aureus of 4 different implant-
abutment connections

Edoardo Ferrari Cagidiaco1, Giulia Landini2, Lucia Pallecchi2, Enrico Felice Gherlone1 Marco Ferrari2 
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Type of 
implant 
(brand)

Total N. Microleakage
Absence of 

microleakage 
+ bacterial 

viability

Contamination

9 2 7 0

9 0 7 0

K (BioSAFin) 9 1 7 0

Osseospeed 
(AstraTech) 9 0 1 1

Total 36 3 22 1

RISULTATI:

 Risultati - Un impianto del gruppo controllo (Astra Tech) è stato 
escluso edallo studio in quanto vi era stato uno sviluppo batterico 
di contaminante nei tre terreni di cultura dopo 48 ore (i.e. 
Paenibacillus pabuli, environmental Gram-positive bacteria) (Table 
1). I terreni coltura 1 e 2 (i.e. i terreni di cultura 1 e 2 erano dove i 
campioni erano passati prima di essere collocati nel terreno finale 
C) di tutti gli altri campioni (n = 35) sono rimasti sterili fino a 72 ore 
dall’inoculazione, indicando l’assenza di contaminazione esterna a 
livello della connessione impianto-moncone (Tavola 1). 
Similmente, nessuna crescita batterica è stata osservata nei 4 
controlli negativi (1 impianto per ogni tipo di impianto), che erano 
stati inoculati con soluzione salina sterile. 
Infiltrazione batterica è stata dimostrata in tre campioni (i.e. 3 di  
35, 9%), comprendendo due TTc ed 1 K, che hanno mostrato 
crescita di S. aureus nel terreno di cultura C dopo 48 ore di 
incubazione (Tavola 1). Nessuna differenza statisticamente 
significativa è stata riscontrata (p>0.05). L’ipotesi nulla è quindi 
stata rigettata. 
 

I risultati sono stati quindi valutati statisticamente. L’analisi 
statistica è stata eseguita per identificare eventuali differenze 
statisticamente significative tra i quattro gruppi riguardo la 
capacità di sigillo delle connessioni impianto-moncone testate

TTc 
(BioSAFin)

TTcm 
(BioSAFin)
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a b s t r a c t

Objectives. To present a practical approach that combines biomechanical tests, microcom-

puted tomography (�CT) and histomorphometry, providing quantitative results on bone

structure and mechanical properties in a minipig model, in order to investigate the specific

response to an innovative dental biomaterial.

Methods. Titanium implants with innovative three-dimensional scaffolds were inserted in

the tibias of 4 minipigs. Primary stability and osseointegration were investigated by means

of insertion torque (IT) values, resonance frequency analysis (RFA), bone-to-implant contact

(BIC), bone mineral density (BMD) and stereological measures of trabecular bone.

Results. A significant positive correlation was found between IT and RFA (r = 0.980, p = 0.0001).

BMD at the implant sites was 18% less than the reference values (p = 0.0156). Peri-implant

Tb.Th was 50% higher, while Tb.N was 50% lower than the reference zone (p < 0.003) and

they were negatively correlated (r = −0.897, p = 0.006).

∗ Corresponding author at: Institute of Biostructure and Bioimaging, National Research Council, Via T. De Amicis 95, 80145 Naples, Italy.
Tel.: +39 0812203401; fax: +39 0812203498.

E-mail addresses: matteo.gramanzini@ibb.cnr.it (M. Gramanzini), sara.gargiulo@ibb.cnr.it (S. Gargiulo), fernandozarone@mac.com
(F. Zarone), rosario.megna@ibb.cnr.it (R. Megna), antonio.apicella@unina2.it (A. Apicella), raffaella.aversa@unina2.it (R. Aversa),
marsalva@unina.it (M. Salvatore), marcello.mancini@ibb.cnr.it (M. Mancini), errestino@libero.it (R. Sorrentino), brunetti@unina.it
(A. Brunetti).

1 These authors contributed equally to this work.

http://dx.doi.org/10.1016/j.dental.2016.03.025
0109-5641/© 2016 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.



264

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2016

d e n t a l m a t e r i a l s 3 2 ( 2 0 1 6 ) 794–806 795

Significance. �CT increases evaluation throughput and offers the possibility for qualitative

three-dimensional recording of the bone–implant system as well as for non-destructive eval-

uation of bone architecture and mineral density, in combination with conventional analysis

methods. The proposed multimodal approach allows to improve accuracy and reproducibil-

ity for peri-implant bone measurements and could support future investigations.

© 2016 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Improvements in bone–implant integration are crucial in
modern dental surgery [1,2]. The processes of osseointegration
involve an initial mechanical interlocking between alveo-
lar bone and the implant body (primary implant stability)
and, later on, a biological fixation through continuous bone
apposition (contact osteogenesis) and remodeling toward the
implant (secondary implant stability). [3].

Biofidelity is a raising topic in modern medicine; such a
concept derives from the study of the biomechanic of tis-
sues and materials and of the biomimetic approach nowadays
common in tissue engineering to imitate the properties of
natural tissues with bioinspired materials. The bone tissue
is as a natural nanostructured biomaterial containing a col-
lagen matrix and hydroxyapatite filler [4]. Tissue engineering
using synthetic biomaterials is nowadays used in regenerative
therapies and implantology, since they may act as bioactive
scaffolds promoting wound healing and bone formation [5].
The physico-chemical and structural characteristics of the
scaffold materials have been observed to significantly influ-
ence their in vivo activity; 3D scaffolds may then represent
new clinical applications in bone reconstructive surgery and
implantology [6]. In particular, it has been shown that scaf-
folds made up of porous hydroxyapatite may be colonized by
osteoblasts favoring implant stability improvement [7].

Different methods were developed to objectively evaluate
implant primary stability. In particular, peak insertion torque
(IT) and resonance frequency analysis (RFA) are the param-
eters that are most globally used and a correlation between
primary stability and implant insertion torque has been often
suggested in dental literature [8–18]. Insertion torque values
were correlated to histological bone-to-implant contact and
radiological bone density [19]. RFA is another effective and
reliable method to assess implant stability, which positively
correlates with IT method [20,21].

The use of patients care newly developed implant materi-
als often requires the use of preclinical models to test their
biocompatibility, mechanical stability and safety. Before clin-
ical trials in humans, minipigs are a recommended as animal
model for translational research of new dental materials,
since their bone structure is similar to that of humans. This
species is considered to be closely representative of human
bone tissue with regard to morphology [22], bone composi-
tion [23], microstructure [24] and remodeling characteristics
[25,26]. Moreover, the bone of minipig shows similarities in
mineral density and concentration with that of humans [27].
However, minipigs bones have a denser trabecular network:
mean cavity path lengths values in the adult man are typically

1200 �m and 350 �m in the minipig [25], while mean trabe-
cular path lengths in child are typically 190 �m and 280 �m in
the minipig [28]. Bone regeneration rate in minipigs is com-
parable to that of humans (namely, 1.2–1.5 mm per day in
minipigs and 1.0–1.5 mm per day in humans) [29], and cortical
bone mineralization rate is similar to man [30], although mes-
enchymal stem cells in minipig showed a significantly lower
ability than human ones to form differentiated and functional
osteoblasts [31]. Based on the above considerations, minipig
has been selected in this study as large animal model for the
pivotal preclinical testing of our innovative biomaterials and
implants. This model would benefit from a non-destructive
imaging modality so that mechanical and morphological end-
points can more readily be examined in the same specimens.
Presently, microcomputed tomography (�CT) may represent
a promising candidate tool for bone characterization when
paired to biomechanical testing and standard histology. The
implant stability which is critically dependent on structural
characteristics and bone quality in a relatively broad area
around the implant, may be correlated to bone properties
assessed by �CT [32,33]. This technique is fast, precise and,
unlike conventional microscopic methods, does not need long
time for specimen preparation and it is not impaired by the
assessment of a limited number of sections. High-resolution
�CT allows measurements of trabecular and cortical bone [34]
and a three-dimensional (3D) representation of bone forma-
tion at the peri-implant region [35]. In accordance with the
principles of the “refinement” and “reduction” declared by
Russell and Burch in 1954, �CT allows less use of samples
necessary for both biomechanical and morphometric studies.
In the present investigation, an innovative hybrid nanocom-
posite working as a biomimetic scaffold was used to evaluate
the performance of the novel material in improving implant
primary stability in post-surgical sites.

Our innovative biomaterial appears as a nanoporous trans-
parent glassy polymer (Fig. 1B) able to progressively swell into
a hydrogel form (Fig. 1C) when in contact with water solutions
(picking up to 30–50% in weight of water), with a kinetic of
swelling at 37 ◦C of about 0.1 mm per hour [36]. The geomet-
rical configuration of the modified implant (Fig. 1A) confines
the polymeric scaffold in a niche that allows swelling defor-
mation only in the radial implant direction. This radial guided
swelling could be used to stabilize the implant in the socket
while creating a biomechanically active interface for bone
growth [36]. Moreover, the nanoporosity can be modulated
to host cells and growth factors. In previous investigations,
the material was characterized for physical, chemical and
mechanical properties [37]. It showed a bioactive surface with
improved osteoblastic adhesion and proliferation and it could
be speculated that this feature could promote more effective
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Fig. 1 – (A) Implant prototype, (B) implant with glassy
polymer scaffold, and (C) implant with swollen scaffold.

and rapid osseointegration. Furthermore, the finite element
analysis (FEA) was used to evaluate the scaffold interactions
between the swollen interface and the bone [36]. The elastic
modulus of the scaffolds in the swollen state was reported
to range between 2 and 10 MPa, which is comparable to that
of the periodontal ligament (2–50 MPa) [38–40]. The scaffold
had to play two biomechanical functions: a structural one, as
part of the fixture, and a bioactive one, as bone growth stimu-
lus. Physiologically, the stresses and deformations induced by
the stretching of the periodontal ligament acts as a biome-
chanical stimulus that favors new bone apposition in the
tooth socket [36]. Since the elastic modulus of the swollen
scaffold was comparable to that of the periodontal ligament,
the FEA confirmed that the swelling of the nanocomposite
could act as a biomechanical bone growth input [36]. Accord-
ing to Frost’s law regarding the strain dependent adaptive
properties of bone [41], the strain values recorded at the bone-
scaffold interface fell within the adapted window and were
compatible with an organized bone growth. The purpose of
this pilot study was to examine the utility of �CT for evaluating
bone–implant integration in a minipig model, as an adjunct
to conventional histomorphometry and biomechanical test-
ing. The presented approach can serve as a model for future
investigations to study implants of different composition or
shape with complementary �CT analysis. The null hypothesis
stated that there was no association between the biomechan-
ical, histomorphometric and �CT study variables of control
and experimental implant sites.

2. Materials and methods

2.1. Surgical procedures

All experimental procedures have complied with the Italian
D.L. no 116 of 1992 and associated guidelines in the Euro-
pean Communities Council Directive of the 24th of November
1986 (86/609/ECC). Titanium implants (Winsix Implant Sys-
tem, Biosafin, Ancona, Italy) modified with 3D scaffolds were
used.

The proposed biomaterial was a hydrophilic hybrid
composite made up of nanoinclusions of hydroxyapatite
dipped in a ceramo-polymeric matrix composed by poly-
hydroxylethylmethacrylate and fumed nanosilica.

The scaffolds were designed using a reverse engineering
approach and were retained by modified implant prototypes.
Standard titanium implants with a diameter of 5.2 mm, a
length of 13 mm and a hexagonal internal connection were
used. An implant was imported in a solid modeler and meshed
to discretize its geometry. Then, a finite element modeling was
used to modify the fixture and create the experimental pro-
totype, whose shape was suitable to incorporate the scaffold
(Fig. 1A). The coronal part of the screw thread was removed
so as to incorporate the scaffold, that had a length of 5 mm
and the shape of a truncated cone with the major base api-
cally (major base 0.6 mm, minor base 0.4 mm). The titanium
implant prototypes had a micro-rough surface that was acid
etched (Fig. 1A).

A steel cylinder was used as tray for the fabrication of
the modified implants. A double impression technique was
performed using putty and light silicon impression materi-
als. First, the shape of a standard unmodified implant was
impressed in the silicon to obtain the external profile shape
mold. Subsequently, the modified titanium implant proto-
types were inserted in the silicon molds by means of an
implant holder and the unpolymerized novel material liq-
uid composite resin [36,37] was injected in the empty space
between the external shape mold and the modified implant.
The material was let to self-polymerize at room tempera-
ture for 15 min. Then, the implant threads were thoroughly
polished by means of silicon rubbers. Although, the new bio-
material was designed as self-setting at room temperature,
an additional thermal treatement at 80 ◦C was added to the
fabrication procedures in order to favor complete polymer-
ization and stabilization of the scaffolds in their highly rigid
glassy state (with an elastic modulus comparable to that
of the bone) [36,37] before the surgical insertion (Fig. 1B).
The scaffolded implants were then sterilized by means of
gamma-rays. The scaffolded implants were introduced uni-
cortically into the left and right proximal tibial metaphysis
of 4 male Yucatan minipigs (>18-month old, average body
weight 65 kg) with an inter-implant distance of 5–9 mm. The
implants were inserted flush with the cortical bone, so as
the scaffolds could interface with both the cortical and the
spongy bone (Fig. 2). This was made to evaluate if the differ-
ent elasticity of the bony tissues could affect the swelling of
the scaffolds. The animals were sedated by an intramuscu-
lar injection (10 mg/kg) of ketamine (Inoketam 1000®, Virbac
S.r.l., Milan, Italy) and 0.5 mg/kg midazolam PHG (Hospira,
Lake Forest, IL, USA). Anesthesia was induced by mask and,
after endotracheal intubation, the minipigs were maintained
in spontaneously breathing by inhalation of 3% isoflurane and
oxigen. The surgical fields were shaved and disinfected with
benzoxonium chloride (Citrosil®, Manetty & Roberts, Milan,
Italy). The tibias were exposed by skin incisions and fascial-
periosteal flaps. The implant sites were prepared using drills
with increasing diameter and a torque-controlled handpiece
implant unit at a rotation speed of 25–30 RPM, with con-
tinuous external sterile saline irrigation to minimize bone
damage caused by overheating. Thereafter, 4 implants were
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Fig. 2 – Representative sagittal �CT slice showing scaffold-implants systems inserted into the tibia of minipigs after 8
weeks of healing time and the cylindrical volumetric region of interest (VOI), where measurements in peri-implant bone
were made (A), at the level of the test zone and (B), at the level of reference zone.

placed in each tibia, according to local anatomy and bone
quality. A total of 28 scaffolded fixtures was inserted in 7
tibias; 1 tibia was not used because of unfavorable local
anatomy. The insertion torque values were recorded using
an electronic torque-control implant handpiece. The implant
position was checked by means of radiographs and intensifi-
cation of brilliance, in order to verify that the scaffolds were
in the transition area between the cortical and the spongy
bone. The skin and the fascia-periosteum were closed in
separate layers with synthetic monofilament non absorbable
polypropylene suture (Prolene® 2-0, Ethicon, Somerville, NJ,
USA) and a single absorbable suture (Vicryl® 3-0, Ethicon,
Somerville, NJ, USA), respectively. Perioperatively, the animals
received enrofloxacin 2.5 mg/kg/12 h (Baytril®, Bayer, Barmen,
Germany) as antibiotic for 6 days and ketorolac 1 mg/kg/24 h
as anti-inflammatory medication for 3 days. The animals
were inspected after the first few postoperative days for signs
of wound dehiscence or infection and, thereafter, weekly to
assess general health. The animals did not show signs of phys-
ical impairments and were in stable condition throughout the
study. After 8 weeks, animals were sacrificed and specimens
containing the implants were fixed in 10% pH 7.0-buffered
formalin.

2.2. Biomechanical analysis

Insertion torque values (N cm) were recorded during implant
placement by means of a torque-controlled implant hand-
piece. Moreover, once implant placement was completed, a
RFA was performed using a dedicated electronic device (Osstell
ISQ, Osstell AB, Göteborg, Sweden). The values of resonance
frequency were recorded as an implant stability quotient (ISQ)
in order to allow a comparison of primary stability between
different fixtures [42–44].

2.3. �CT and 3D reconstruction

The bone surrounding the implant scaffolds was examined
using �CT (eXplore Locus, GE Healthcare, London, Canada).
The detector of such �CT system was made up of 2 compo-
nents, a scintillator and a CCD camera, which were connected

with optical fibers. The scintillator is a thin screen of cesium
iodide, that luminesces when exposed to X-rays. The camera
behind it records the image that is projected onto the scin-
tillator. The projection is saved in digital format. A total of
466 �CT slices, with a pixel size of 45 �m, were imaged at an
X-ray energy level of 80 kVp and a current of 450 �A. Exposure
time was 100 ms with a total scanning time of 11 min. Images
were reconstructed using a modified Feldkamp algorithm and
scaled into Hounsfield units (HU). A calibration standard, con-
taining a compartment with 1073 mg/cm3 SB3 (an epoxy based
bone-mimicking material), was used for bone mineral density
(BMD) calibration. All data were evaluated in MicroView, 2.1.2
(GE Healthcare, London, Canada). Datasets were resampled to
reorient implants perpendicular to the cross-section plane.
Before segmentation, threshold levels for bone, implant and
scaffold were determined, based on visual inspection of the
complete slices and on the gray-scale histogram. The upper
and lower threshold levels for bone, implants and scaffold
were determined in all 7 samples and did not overlap, allow-
ing to make a clear distinction. An automatic segmentation
technique, that utilizes the Otsu method, was used for calcu-
late the value to be used as the threshold to extract the bone
from the surrounding structures. The means were calculated
and used for each sample. The inter- and intra-examiner vari-
abilities within 1 standard deviation were calculated. Then, a
cylindrical, volumetric region of interest (VOI) was placed in
correspondence of the scaffold element of the implant circum-
ferentially expanded 2.5 mm around the scaffold, including
both cortical and cancellous bone (Fig. 2C), which was defined
as the test zone (Fig. 3A). Subsequently, bone, implant and
scaffold in the ROI were differentiated based on their thresh-
old levels. Outcome variables were: BMD (mg/cm3) and bone
mineral concentration (BMC, mg); bone volume fraction (BVF),
being the % of the ROI which includes bone; bone volume (BV),
being the mm3 of bone that is present in the region of interest;
the ratio of the volume of bone present (BV) to the total volume
(TV) of interest (%); the ratio of the surface (BS) to the volume
(BV) of bone (mm−1); the average trabecular thickness (Tb.Th,
mm); the mean trabecular number (Tb.N, mm−1); the mean
diameter to the marrow spaces (Tb.Sp, mm). These values
were also measured in VOI at an equivalent distance between 2
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Fig. 3 – (A) High-resolution �CT 3-D volume rendering of minipig tibias with implants. (B) Representative axial �CT image of
minipig tibias with implant–bone interface visualization. (C) Representative photograph of minipig tibias with implant
position visualization. (D and E) High-resolution �CT 3-D volume rendering of scaffold. (F) High-resolution �CT 3-D volume
rendering peri-implant bone.

median implants, as reference zone (Fig. 3B). 3-D volume ren-
dering images were performed on 27 �m �CT dataset using
Osirix Imaging Software 5.8.5 (Pixmeo, Bermex, Switzerland)
(Fig. 2A, B, E, F).

2.4. Histology and histomorphometry

The formalin-fixed specimens were transferred to 70% ethanol
solution, dehydrated in ascending concentration of ethanol up
to 100%, and then infiltrated and embedded in a hydrophilic
acrylic resin (LR White, London Resin Company, Berkshire,
England). After polymerization, the specimens were sectioned
along the longitudinal axis with a high-precision diamond
disk at about 100 �m, provided with a custom-built sawing
and a grinding apparatus (TT System, TMA2, Grottammare,
Italy). A total of 3 sections was obtained for each implant (1
longitudinal central section and 2 sections at a cutting dis-
tance of 600 �m). The sections were ground down to about
60 ± 10 �m and stained with acid fuchsine and toluidine blue.
The investigation was conducted in a transmitted bright-
field and circularly polarized Light Microscope Axiolab (Zeiss
Oberchen, Germany) connected to a high-resolution digital
camera (FinePix S2 Pro, Fuji Photo Film Co. Ltd, Minato-Ku,
Japan). A histomorphometric software package with image
capturing capabilities (Image-Pro Plus 6.0, Media Cybernet-
ics Inc, Bethesda, MD, USA) was used. To ensure accuracy,
the software was calibrated for each experimental image
using a feature named “Calibration Wizard”, which creates
a linear remapping of the pixel numbers. The unit of mea-
surement was the pixel. The analyzed parameter was the
bone-to-implant contact (BIC, %), defined as the ratio between
the length of the scaffold material section in contact with
bone and the perimeter of the scaffold area, at 25× magni-
fication. At each measurement, the software was calibrated

using the length of the implant as reference. Measurements
were performed by a single experienced and calibrated oper-
ator. Intra-examiner variability was controlled by carrying out
2 measurements; if the difference between the 2 values was
greater than 5%, the measuring was repeated.

2.5. Statistical analyses

The study variables were divided into 4 groups as follows:
biomechanical (IT and RFA), histomorphometric (BIC), �CT
of implant sites (BMD, BMC, BVF, BV, BV/TV, BS/BV, TbTh,
TbN, TbSp) and �CT of control sites (cBMD, cBMC, cBVF, cBV,
cBV/TV, cBS/BV, cTb/Th, cTbN, cTbSp). Mean, standard devia-
tion, median, minimum and maximum values were calculated
for all the variables. Normality was tested using Shapiro–Wilk
test and variance homogeneity using Bartlett or Levene test.
When data were normally distributed and variance homo-
geneity was met, the variables were compared using one-way
analysis of variance (ANOVA). In case of violation of normality
or variance homogeneity, Kruskall–Wallis or Mann–Whitney
test were performed. The mean values of 21 variables for
7 tibial samples were used for the statistical analysis. The
Pearson correlation was performed for all possible pairs of
variables, for a total of 210 combinations. The linear regres-
sion coefficients were calculated for the 12 pairs of variables
found to be correlated. Moreover, IT, RFA, BIC, BMD, BMC, TbTh,
TbN and TbSp were analyzed for comparison among implant
sites. Sample size required to reach a 5% significance with a
80% power was estimated for Mann–Whitney, Shapiro–Wilk,
Anova and Pearson correlation tests. Statistical analysis was
performed using R statistical software (version 3.1.2, R Foun-
dation for Statistical Computing, Vienna, Austria) and the level
of significance was set at p < 0.05 for all tests.
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Fig. 4 – Representative sagittal �CT slice showing
scaffold-implants systems inserted into the tibia of
minipigs after 8 weeks of healing time.

3. Results

The minipigs showed good generale health after surgery and
signs of infection were not found at clinical and �CT exami-
nation. No effects from X-ray scattering or ring artifacts were
found in the �CT images in the peri-implant zone used for
measurements (Fig. 4). All the implants were osseointegrated
and the peri-implant bone structure consisted of lamellar
bone architecture (Fig. 5). The IT and RFA values were reported
in Table 1.

According to the results of the present investigation, the
null hypothesis was rejected.

Descriptive statistics for biomechanical, �CT and histologic
variables were summarized in Table 2. The mean and standard
deviation of lower and upper threshold gray-levels for tita-
nium implants, for ceramo-polymeric scaffolds and for bone
made by 2 independent and calibrated operators were summa-
rized in Table 3. The first box of Table 2 shows the values of the
3 series of repeated measures for each bone sample; the sec-
ond box those of all samples for each series of measurements;
the third one the global threshold value for implant, scaf-
fold and bone. The inter- and intra-examiner variabilities were
equivalent within 1 standard deviation. ANOVA did not reveal
differences among the implant sites for BIC (F = 1.76, p = 0.112)
and IT (F = 2.580, p = 0.058), unlike RFA (Kruskall–Wallis,
p = 0.0156). For �CT parameters, significant differences were
found among the implant sites for BMC (F = 5.201, p = 0.003)
and BMD (Kruskall–Wallis, p = 0.037), unlike for TbTh (F = 2.61,
p = 0.056), TbN (Kruskall–Wallis, p = 0.037) and TbSp (F = 1.764,
p = 0.167). For comparisons between implant and control sites,
ANOVA did not reveal differences between the �CT pairs
of variables cBMC–BMC (F = 1.26, p = 0.2831) and cTbSp–TbSp
(F = 8.68, p = 0.0514), whereas cBMD-BMD and cBV–BV were sig-
nificantly different (Mann–Whitney test: p < 0.05). Fifty Pearson
correlations were observed with p < 0.05, both between vari-
ables of the same group that between variables of different
groups. The correlation matrix of all correlation coefficients
between the set of variables were reported in Table 4.

Relevant correlations were found between IT and RFA
variables (r = 0.980, p = 0.0001); the �CT pairs of variables
cBV–BMC (r = 0.796, p = 0.0322), cBV–BVF (r = 0.823, p = 0.0230),
cBV–BV (r = 0.826, p = 0.0220), cBV–BS/BV (r = −0.873, p = 0.0103),
cBV–TbTh (r = 0.830, p = 0.0208), cBV–TbN (r = −0.778,
p = 0.0394), cBVF–TbN (r = 0.772, p = 0.0419), cBV/TV–TbN
(r = −0.795, p = 0.0326) and cBV/TV–BS/BV (r = −0.761,
p = 0.0470); and between IT–cTbSp and RFA–cTbSp (r = −0.859,

Fig. 5 – (A) Microphotograph of a longitudinal section of a specimen stained with fuchsin acid and toluidine blue. (B)
Magnification at 25× to show the contact between scaffold material and bone.
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Table 1 – Insertion torque (IT in N cm) and resonance frequency analysis (RFA in ISQ) values of the experimental
scaffolded implants.

Minipig Tibia Measurement Implant

#1 #2 #3 #4

#1 Left IT (N cm) 44.2 46.2 47.3 44.5
RFA (ISQ) 71 73 74 71

Right IT (N cm) 48.1 44.6 45.1 44.4
RFA (ISQ) 75 71 72 71

#2 Left IT (N cm) 43.4 44.7 42.9 42.5
RFA (ISQ) 70 71 70 69

Right IT (N cm) 51.1 45.2 45.8 44.7
RFA (ISQ) 79 72 72 71

#3 Left IT (N cm) Excluded because of unfavorable
local anatomy

RFA (ISQ)
Right IT (N cm) 42.0 45.6 42.9 43.1

RFA (ISQ) 69 72 70 69

#4 Left IT (N cm) 46.2 43.7 45.2 43.8
RFA (ISQ) 73 70 72 70

Right IT (N cm) 42.6 39.9 43.2 42.2
RFA (ISQ) 69 66 70 69

Table 2 – Descriptive statistic of sample data.

Variable Unit Mean SD Min Median Max

IT N cm 44.39 1.63 41.90 43.83 46.70
RFA ISQ 71.11 1.71 68.50 71.25 73.50

BMD mg/cm3 623.7 42.1 533.2 631.9 665.0
BMC mg 46.62 5.71 36.18 47.47 54.34
BVF % 0.7809 0.0639 0.6705 0.7925 0.8579
BV mm3 74.04 4.42 67.47 73.98 79.39
BV/TV % 0.8394 0.1118 0.7332 0.8164 1.0743
BS/BV mm−1 1.641 0.182 1.451 1.634 1.891
TbTh mm 1.244 0.140 1.058 1.228 1.405
TbN mm−1 0.6392 0.0335 0.5846 0.6316 0.6866
TbSp mm 0.3311 0.0744 0.2246 0.3165 0.4351

cBMD mg/cm3 764.0 31.5 719.9 765.5 808.9
cBMC mg 52.40 12.36 33.62 54.13 73.82
cBVF % 0.6955 0.0983 0.4933 0.7322 0.7799
cBV mm3 63.70 12.47 44.50 69.52 73.82
cBV/TV % 0.7075 0.1009 0.5043 0.7467 0.7913
cBS/BV mm−1 3.722 1.307 1.923 4.117 5.517
cTbTh mm 0.6152 0.2675 0.3624 0.4857 1.0399
cTbN mm−1 1.274 0.355 0.761 1.391 1.617
cTbSp mm 0.2407 0.0817 0.1507 0.2474 0.3561
BIC % 76.91 4.17 69.86 77.44 82.34

p = 0.0134 and r = −0.834, p = 0.0196, respectively. A lack of
statistical significance was found between the values of
BIC and all other variables. Table 5 summarized the linear
regression coefficients for the pairs of variables correlated.

4. Discussion

Preclinical research is considered an essential step to test den-
tal materials and implants prior to their clinical use. Minipigs
are suitable models for traslational validation due to their
anatomical and physiological correspondences with human
bone [45]. It is generally accepted that the chemical and phys-
ical properties of implant surfaces have a major influence on
the structure of the peri-implant bone and thus can improve

osseointegration. The scaffolds should work as a medium
that offers mechanical properties similar to the host bone,
promoting cell adhesion and activity and inducing finally
bone growth. The tested innovative nanocomposite material
allowed to fabricate stable 3D implant scaffolds that proved
to be easy handling and suitable for the surgical procedures.
In a previous investigation [36], it was demonstrated that the
volumetric expansion of the bioactive novel material due to
the swelling of the scaffolds, significantly contributed to the
primary stability of the implants. Since it is known that the
development of a stable bone–implant interface depends on
different factors, it is desirable to use several methods capa-
ble to evaluate different bone properties. In this perspective,
the integration of biomechanical data, of 3D �CT information
and histomorphometric parameters in the same implant/bone
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sample enables to improve evaluation of implant stability. Pri-
mary implant stability is considered of paramount importance
to achieve osseointegration and IT and RFA values are vali-
dated mechanical parameters to evaluate the strenght of the
interaction between the host bone and implant surface [46]. In
dental literature, minimum IT values for immediate loading
ranged from 32 to 50 N cm [8,12,14,47–51], sufficient for retain-
ing micromovements within limits [12,49]. RFA has been used
at early stages of osseointegration or in monitoring over time
and increases during the healing phase [52]. The acceptable
range of RFA, that indicates stability, lies between 55 and 85
ISQ [53–55]. Moreover, IT and ISQ values have shown a positive
correlation [33,56]. The measurements of IT and RFA recorded
in this study were in the interval of values reported as ade-
quate in literature. In agreement with the literature, a strong
correlation between IT and RFA was found. Secondary stabil-
ity is determined by the new bone formation and remodeling
at the implant interface, and greater bone contact is gener-
ally believed to result in better implant stability [57]. In the
examined samples, lamellar bone was visible in intimate con-
tact with the scaffold surface. The BIC values in this study
were found to be appropriate to warrant stability, since they
were higher than 50%, the minimum value considered neces-
sary for loading and for ensure long-term survival of implants
[58]. Good primary stability may be related to better bone tis-
sue response. However, the formula of higher biomechanical
parameters translating into better osseointegration may not
always be true, because the quantity and quality of bone may
vary significantly among subjects. Despite IT and RFA have
been considered valid tools to foresee the bone quality and
primary stability of implant sites, their comparison with radio-
logic or histomorphometric tests gave contradictory results
[59–69]. Friberg et al. [61] demonstrated that IT was corre-
lated to histomorphometric BIC and to radiological BMD of
the prepared sites [19,52]. Other authors demonstrated that
IT values was correlated with BMD of the receiving bone site,
obtained by measuring CT or �CT [9,70,71]. In contrast, it has
been reported that RFA suffers from a lack of sensitivity to the
quality of surrounding bone [72], and a correlation with histo-
morphometric BIC was not found [56,73]. The biomechanical
properties of the bone seems to be related both to its mineral
content and microarchitecture [74]. Moreover, bone quality
parameters assessed by �CT in peri-implant regions did not
seem linearly correlated to biomechanical variables [68]. The
present study failed to find a correlation between BIC and
biomechanical or �CT parameters. Nevertheless, a strong rela-
tionship between IT–cTbSp and RFA–cTbSp was found, where
negative values of r indicate that, increasing cTbSp, IT and RFA
decreased. Although histology is the most common method
for analysing bone formation around implants, it also has
limitations. Sample preparation is time consuming, may alter
bone–implant interface and a limited number of 2D sections
per sample are used for the approximation of mean values
of BIC. Conversely, �CT is a non-destructive, fast and precise
technique, that provides accurate modeling and analysis of 3D
images of bone samples, and can evaluate both qualitative and
quantitative morphometry of bone integration around dental
implants [57,75]. �CT produces voxels in the range of 5–50 �m,
or approximately 1.000 times smaller in volume than clinical
CT voxels [76,77]. A wide range of specimens may be examined
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Table 4 – Pearson correlation matrix.

IT RFA BIC TMD TMC BVF BV BV/TV BS/BV TbTh TbN TbSp cTMD cTMC cBVF cBV cBV/TV cBS/BV cTbTh cTbN

RFA 0.980*

BIC −0.171 −0.286
BMD 0.321 0.384 0.108
BMC 0.226 0.281 0.123 0.928*

BVF 0.310 0.352 0.199 0.899* 0.978*

BV 0.036 0.094 0.206 0.772* 0.941* 0.937*

BV/TV −0.093 −0.193 −0.052 −0.775* −0.535 −0.462 −0.350
BS/BV −0.407 −0.467 −0.054 −0.755* −0.857* −0.931* −0.857* 0.290
TbTh 0.408 0.455 0.107 0.743 0.840* 0.925* 0.838* −0.268 −0.996*

TbN −0.520 −0.596 0.123 −0.527 −0.566 −0.688 −0.564 0.181 0.896* −0.897*

TbSp −0.242 −0.244 −0.297 −0.800* −0.945* −0.965* −0.939* 0.280 0.868* −0.870* 0.567
cBMD −0.249 −0.094 −0.205 0.320 0.491 0.473 0.673 −0.215 −0.552 0.494 −0.480 −0.394
cBMC 0.071 0.243 −0.463 0.304 0.415 0.410 0.523 −0.221 −0.560 0.492 −0.602 −0.279 0.918*

cBVF 0.301 0.406 −0.161 0.287 0.465 0.544 0.612 0.003 −0.736 0.695 −0.772* −0.474 0.794* 0.869*

cBV 0.327 0.450 −0.081 0.717 0.796* 0.823* 0.826* −0.452 −0.873* 0.830* −0.778* −0.709 0.782* 0.823* 0.864*

cBV/TV 0.320 0.426 −0.134 0.329 0.492 0.574 0.628 −0.043 −0.761* 0.722 −0.795* −0.496 0.788* 0.863* 0.998* 0.884*

cBS/BV 0.294 0.146 0.139 −0.172 −0.299 −0.336 −0.503 0.140 0.505 −0.470 0.566 0.228 −0.921* −0.840* −0.751 −0.663 −0.750
cTbTh −0.453 −0.292 −0.201 0.157 0.248 0.242 0.432 −0.232 −0.362 0.322 −0.403 −0.124 0.903* 0.795* 0.593 0.561 0.591 −0.968*

cTbN 0.643 0.501 0.134 −0.037 −0.068 −0.050 −0.233 0.242 0.140 −0.117 0.206 −0.064 −0.719 −0.563 −0.302 −0.294 −0.302 0.854* −0.941*

cTbSp −0.858* −0.834* 0.066 −0.210 −0.298 −0.390 −0.260 −0.173 0.502 −0.488 0.524 0.402 −0.032 −0.264 −0.587 −0.478 −0.589 −0.087 0.297 −0.585

*p < 0.05.
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Table 5 – Linear regression coefficients for correlated variables (y = ˛*x + ˇ).

y x ˛ err. st. ˛ ˇ err. st. ˇ

IT RFA 0.930 0.084 −21.73 6.00
cTbSp IT −0.043 0.012 2.156 0.512
cTbSp RFA −0.040 0.012 3.070 0.837
cBV TMC 1.739 0.591 −17.39 27.74
cBV BVF 160.6 49.6 −61.74 38.84
cBV BV 2.333 0.712 −109.1 52.8
cBV BS/BV −59.77 14.92 161.8 24.6
cBV TbTh 73.82 22.18 −28.15 27.74
cBV TbN −289.7 104.6 248.9 66.9
cBVF TbN −2.267 0.834 2.144 0.534
cBV/TV TbN −2.396 0.818 2.239 0.523
cBV/TV BS/BV −0.422 0.161 1.399 0.265

using �CT, including teeth, bone and materials such as ceram-
ics, polymers or biomaterial scaffolds [34]. Although formalin
fixation may alter the mechanical properties of bone, several
studies showed that it has no effect on the mineral composi-
tion of bone [78,79]. Moreover, in a recent study it was reported
that formalin fixation and freezing would not adversely affect
the viscoelastic and elastic mechanical properties of murine
bone [80]. In the present investigation, no artifacts were found
in the �CT images in correspondence of the zones around
the scaffolds (Fig. 4). However, it is difficult to determine the
precise effect of material composition on the image quality.
Nevertheless, these limits do not necessarily prevent suitable
analysis of peri-implant bone by �CT, even if extensive exper-
imentation for appropriate set up should be performed for
each equipment. Moreover, intra- and inter-examiner repro-
ducibility and reliability of threshold levels for methodology
validation were compared, with good results. Therefore, this
method can be properly used as complement of the estab-
lished gold standard, allowing a refinement in the planning
of experiments with animal models, in accordance with the
3Rs principles, and to improve the quality of future studies.
The mean density of the newly formed bone can be an indi-
cation of how the remodeling process has been successful
in terms of new bone tissue density, similar to the reference
areas. In the present study, the entity of osseointegration was
visualized and quantified by �CT 3D reconstruction. �CT for
preclinical application provides higher spatial resolution than
clinical CT, then peri-implant bone measurements at 45 �m
resolution could be used as a guide to predict implant inte-
gration. In the examined samples, cBV of the reference zone
was found correlated with BMC, BV, Tb.N, Tb.Th of the bone
surrounding the scaffold. Peri-implant BMD was 18% less than
the control value, probably due to the fact that minipigs were
sacrificed 8 weeks after implants placement. An adequate
healing period for osseointegration in humans is assumed
to be 12 weeks [81] and bone formation and remodeling in
minipigs have been estimated to be approximately compara-
ble to those of humans [29]. In minipigs, an healing period
of 4 weeks is considered short [82] and histological evalua-
tion of bone density demonstrated an increase of mean values
over time at 4, 8 and 12 weeks after receiving different types
of dental implants [83]. Nevertheless, in this study an inter-
val of reference values for mineral density of peri-implant
bone was defined after the widely adopted healing period of
8 weeks in minipigs, corresponding to the desirable values

of the biomechanical properties. Bone in the vicinity of the
implants showed evidence of an increase of 50% in trabecular
thickness but a similar decrease of their number when com-
pared to the bone in the control zone (p = 0.0021). It is likely
that these changes in trabecular microarchitecture parame-
ters may be a way for low density bone to respond to the stress
induced by loading, since bone strength increases proportion-
ally to the square of the trabecular radius [84]. In some studies,
bone density were measured preoperatively in implant recip-
ient site of human patients by clinical CT and were recorded
in Hounsfield units (HU) or converted in mg/cm3 using a cali-
bration phantom with known density values [19,46,66–68]. As
to bone density analysis, the method using BMD calibration
standard is more accurately compared with the method with
Hounsfield units [85]. Bilhan et al. [86] reported in an ex vivo
study that HU values assessed by clinical CT could be a mis-
leading tool for the determination of bone density and could
result in an overestimation of micro-architectural parameters,
while �CT, with a spatial resolution not more than 100 �m,
was able to reasonably evaluate bone quantitatively and qual-
itatively with a good correlation between histomorphometric
and microtomographic data [85]. The main limitation of this
proof of concept study was the relatively small number of
samples. Thus, caution is required in the interpretation of the
results. Estimated sample sizes per group ranged from 11 for
Pearson correlation tests to 26 for Anova. Further studies in a
larger group of animals are needed to assess the sensitivity of
this approach that combines biomechanical tests, microcom-
puted tomography (�CT) and histomorphometry to improve
evaluation of implant stability.

5. Conclusion

In conclusion, the results from this pilot study showed the
feasibility and usefulness of �CT imaging in the charac-
terization of bone density and microarchitecture to predict
structural changes in minipig bone undergoing new bioma-
terials and implants, in a complementary way to the common
biomechanical testing and hystomorphometry. The innova-
tive hybrid ceramopolymeric nanocomposite was effective
in fabricating three-dimensional bioactive scaffolds. Further
clinical studies are needed to confirm that the experimental
nanocomposite could be useful for ensuring scaffold fixation
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avoiding micromotion at the tissue/biomaterial interface, pro-
moting accelerated implant osseointegration and loading.
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INTRODUZIONE
La qualità della vita è stata 

definita dall’OMS come “la per-

cezione delle persone della loro 

posizione nella vita nel contesto 

dei sistemi di cultura e dei valori 

in cui vivono e in relazione ai loro 

obiettivi, le aspettative, le norme e 

le preoccupazioni”.

Per quanto riguarda la salute 

orale, non ci sono prove sul fatto che 

i problemi orali percepiti influenzino 

la qualità della vita in generale. La 

maggior parte degli studi hanno af-

frontato il concetto della salute orale 

correlata alla qualità della vita intesa 

come un fenomeno multidimen-

sionale rappresentato dalla combi-

nazione di limitazione funzionale, 

percezione del dolore ed estetica 

dentale.9 I risultati di questi studi 

hanno anche indicato che il numero 

di denti ha un ruolo importante per 

la salute orale personale.10

Negli ultimi dieci anni, la tec-

nologia utilizzata in ambito odon-

toiatrico ha subito una rapida 

evoluzione, portando all’utilizzo 

di nuovi materiali da restauro che 

possano soddisfare le aspettative 

sempre più alte dei pazienti non 

tralasciando l’importanza della 

biocompatibilità.4-6

Pertanto, la decisione di uti-

lizzare un determinato tipo di re-

stauro deve essere presa valutan-

do una serie di fattori correlati al 

paziente: le aspettative estetiche, 

le relazioni occlusali e la presenza 

di parafunzioni.

Scopo: per quanto il concetto di salute orale, non ci sono prove sul fatto che 

problemi orali percepiti abbiano influenza sulla qualità della vita in generale. La 

maggior parte degli studi hanno affrontato il concetto di salute orale correlata 

quali della vita come un fenomeno multidimensionale rappresentato dalla com-

binazione di limitazione funzionale, le percezioni del dolore e estetica apparato 

boccale e il suo rapporto con la malattia e la scarsa funzionalità orale. Prove da 

questi studi hanno anche indicato che il numero di denti rappresenta un im-

portante ruolo determinante della salute personale orale. Materiali e Metodi: 

riportiamo il caso di una paziente di 50 anni in cui viene eseguita una riabili-

tazione proteica fissa su impianti e denti naturali nel mascellare superiore. Le 

ceramiche dentali presentano ottime capacità di riprodurre i denti naturali in 

materia di estetica e di biomeccanica. Il piano di trattamento è stato ideato per 

offrire una riabilitazione funzionale ed estetica dell’apparato stomatognatico e 

il miglioramento della qualità della vita. In una riabilitazione, tutte le alternative 

dovrebbero sempre essere illustrate al paziente, comprese le differenze di costo, 

i costi biologici, la longevità del lavoro eseguito,la durata del trattamento e la 

predicibilità del risultato estetico. Sulla base di questi fattori, il paziente è stato 

informato circa le possibili opzioni di trattamento. Risultati e Conclusioni: il 

caso presentato dimostra come sia fondamentale un approccio multidisciplinare 

nelle riabilitazioni complesse; il rispetto delle comuni conoscenze nel campo 

dell’implanto-protesi, in associazione ad alcuni particolari accorgimenti specifici 

come il rialzo trans-crestale del seno mascellare, l’utilizzo di materiali implantari 

e protesici di ultima generazione, permettono oggi al clinico di ottenere risultati 

estetici e funzionali di ottimo livello.
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La valutazione delle aspettati-

ve del paziente e la pianificazione 

delle possibili soluzioni terapeuti-

che rappresentano un momento 

importante prima di intraprende-

re qualsiasi tipo di terapia.L’analisi 

delle caratteristiche del viso e della 

dinamicità delle labbra in rappor-

to ai denti rappresenta il punto di 

partenza della riabilitazione prote-

sica.7,8 L’aspetto dentale e gengi-

vale completano l’analisi estetica, 

fornendo all’odontoiatra le infor-

mazioni necessarie ad effettuare le 

scelte terapeutiche più appropriate 

per ogni singolo caso. I pazienti che 

si rivolgono alla nostra osservazione 

lamentano spesso problemi estetici 

spesso limitando il trattamento alla 

sola terapia protesica. Se la compro-

missione estetica è determinata da 

un quadro clinico più complesso, 

sarà compito del dentista illustrare 

al paziente che la risoluzione del 

suo problema andrà inserita in un 

quadro riabilitativo più ampio.1-3

In questo articolo viene illu-

strato un caso clinico di una ria-

bilitazione implantare e su denti 

naturali con restauri in zirconia-ce-

ramica in una paziente di 50 anni, 

con conseguente miglioramento 

in ceramica sugli elementi 1.2-1.3-

2.1-2.2. Nell’arcata inferiore invece la 

paziente decide di non sottoporsi a 

nessun trattamento. La progettazio-

ne del caso clinico è stata eseguita 

mediante l’utilizzo del Digital Smile 

Design, con l’impiego della piatta-

forma Mac OS X e del programma 

Keynote. Le fotografie e i video rac-

colti sono stati scaricati e inseriti nella 

presentazione di Keynote, quindi si è 

proceduto all’analisi estetica digitale 

del volto e del sorriso ed all’elabora-

zione virtuale della riabilitazione pro-

tesica, utilizzando delle “smile library”, 

costituite da prototipi di denti, di for-

ma e dimensioni diverse. Il progetto 

virtuale viene inviato al laboratorio; 

rilevate le impronte delle arcate den-

tarie del paziente, viene fabbricato un 

modello in gesso dei denti sul quale 

viene modellata la nuova sagoma-

tura dei denti corrispondente allo 

studio eseguito con lo Smile Design. 

Su questo modello cerato viene poi 

stampata una mascherina di silicone, 

che fungerà da stampo per fabbrica-

re la mascherina in resina acrilica che 

il paziente indosserà direttamente sui 

propri denti, facendogli visualizzare 

immediatamente quello che sarà il 

risultato estetico finale. Sulla base del 

della qualità della vita negli aspetti 

sia funzionali che psicosociali.

MATERIALI E METODI
Descrizione del caso

Paziente di sesso femminile, 

età 50 anni, si è presentata presso 

la nostra struttura esprimendo la 

necessità di migliorare l’estetica 

del suo sorriso e lamentando sin-

tomatologia algica a carico dell’e-

lemento 1.1. All’anamnesi non si 

registrano patologie di rilievo.

All’esame clinico e radiografico 

si evidenzia nell’arcata superiore la 

presenza di vecchi restauri protesici 

incongrui con compromissione a ca-

rico dell’elemento 1.1 che presenta 

una frattura radicolare, nell’arcata in-

feriore invece assenza degli elementi 

4.6-4.7-3.7 (Figg. 1-3a,b). Pertanto in 

accordo con la paziente si redige il 

seguente piano di trattamento che 

prevede per l’arcata superiore l’a-

vulsione dell’elemento 1.1 che verrà 

sostituito con un impianto, rimo-

zione dei vecchi restauri protesici e 

riabilitazione implantoprotesica con 

inserimento di numero 3 impianti in 

sede 1.4-2.4-2.5, faccette estetiche 

Fig. 1  Ortopanoramica Iniziale. Fig. 2  Full Radiografico.

Figg. 3a,b  Documentazione fotografica iniziale.
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Fig. 4  Digital Smile Design.

mock-up e delle modifiche ad esso 

apportate, vengono realizzati dappri-

ma i provvisori ed infine il manufatto 

protesico definitivo (Figg. 4-7).

Procedure chirurgiche  

e protesiche

Alla paziente viene sommi-

nistrata una profilassi antibiotica 

di 2 g di amoxicillina e acido cla-

vulanico 1 ora prima della sedu-

ta operatoria. Previa infiltrazione 

plessica di soluzione anestetica 

contenente articaina 1:100.000 

del primo e secondo quadrante, si 

scolpiscono lembi a tutto spessore 

e si procede all’inserimento di nu-

mero 3 impianti WINSIX sommersi 

in sede 1.4 e in sede 2.4-2.5 con 

mini rialzo di seno secondo la tec-

nica di Summer. Si procede quindi 

all’avulsione dell’elemento 1.1 ed 

inserimento di un impianto nella 

stessa seduta con protesizzazione 

immediata. I lembi vengono sutu-

rati con punti staccati in seta 4/0 

(Figg. 8-10). Subito dopo la fase 

Figg. 5a-d  Procedure protesiche.

Fig. 6  Fig. 7  Pre-post mock-up.

Fig. 8  Inserimento impianto in sede 1.4.
Fig. 9  Inserimento impianti in sede 2.4-2.5 con mini rialzo.
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chirurgica, si ribasa un provvisorio 

armato in resina acrilica prece-

dentemente preparato sulla base 

della creatura diagnostica e del 

progetto virtuale (DSD), che viene 

cementato sugli elementi dentari 

residui (Fig. 11). 

La paziente viene cosi’ di-

messa con terapia farmacologica 

di supporto antibiotica e anti-

dolorifica e le suture rimosse in 

settima giornata. Dopo 4 mesi 

dalla fase chirurgica, stabilizzati 

i tessuti ed avvenuta l’osteointe-

grazione si procede alla riapertura 

degli impianti, quindi vengono 

prese le impronte e si procede al 

confezionamento di un secondo 

provvisorio a supporto implantare  

(Figg. 12-14). 

A distanza di 3 mesi dal se-

condo provvisorio vengono prese 

le impronte definitive e vengo-

no realizzate corone singole in 

zirconia-ceramica sugli elementi 

1.1-1.4-1.5-1.6 e 2.3-2.4-2.5-2.6-2.7 

e faccette sugli elementi 1.2-1.3-

2.1-2.2 (Figg. 15-17).

DISCUSSIONE
Oggi l’armonia del sorriso è 

sempre più considerata un risul-

tato imprescindibile e la funzio-

ne deve necessariamente essere 

affiancata da una sufficiente at-

tenzione al dettaglio estetico al 

fine di ottenere un outcome fina-

le naturale. La valutazione delle 

aspettative del paziente e la sua 

comprensione sono un momen-

to cruciale prima di intraprende-

Fig. 10  Avulsione dell’elemento 1.1 ed inserimento di impianto 
con protesizzzone immediata. Fig. 11  Provvisorio post-chirurgia.

Figg. 12a,b  Impronte degli impianti e monconi definitivi.

Figg. 13a,b  Monconi definitivi e provvisori.
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Figg. 14a-d  Secondi provvisori.

Figg. 15a-f  Manufatto protesico definitivo.



281

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2016

Cardarelli  A | Cardarelli  F | Vinci R | Gherlone EF

44 IMPLANTOLOGIA 2016 | NUMERO 2

re qualsiasi trattamento. L’analisi 

relativa dei fattori quali il sorriso, 

la composizione dentale ideale, i 

livelli gengivali e i materiali di ul-

tima generazione rappresentano 

solo una parte del complesso di 

procedure necessarie alla finaliz-

zazione estetica ottimale, costitu-

iscono tuttavia un punto di par-

tenza fondamentale in ogni piano 

di trattamento complesso.

CONCLUSIONI
Il caso presentato dimostra co-

me sia fondamentale un approccio 

multidisciplinare nelle riabilitazioni 

complesse; il rispetto delle comu-

ni conoscenze nel campo dell’im-

planto-protesi, in associazione ad 

alcuni particolari accorgimenti spe-

cifici come il rialzo trans-crestale del 

seno mascellare, l’utilizzo di mate-

riali implantari e protesici di ultima 

generazione, permettono oggi al 

clinico di ottenere risultati estetici 

e funzionali di ottimo livello. Il cri-

terio base per il successo implanto-

protesico a lungo termine è stato 

e rimane il posizionamento prote-

sicamente guidato degli impianti, 

che garantisce un’estetica e una 

biomeccanica ideale. 

Figg. 16a-c  Finalizzazione protesica.

Figg. 17a-c  Rx finale.
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Aesthetic Complex Rehabilitations: case report
Aim: Regarding to oral health research, there is little evidence about whether perceived or normative 

oral problems influence on the quality of life generally. Most studies have addressed oral health related-

quality of life as a multidimensional phenomenon represented by the combination of functional limita-

tion, pain perceptions and aesthetics mouthparts and its relationship to disease and poor oral function. 

Evidence from these studies have also indicated that the number of teeth represents a major role as a 

determinant of subjective oral health. Material and Methods: We report the case of a patient of 50 years 

in which you run a prosthetic implant- supported fixed and a fixed prosthetic rehabilitation on natural 

teeth in upper jaw. Dental ceramics present excellent ability to reproduce the natural teeth regarding 

esthetic and biomechanics. The treatment plan was established to provide functional and aesthetic 

rehabilitation of the stomatognathic system and improvement of the quality of life. In a rehabilitation 

procedure, all alternatives should always be explained to the patient, including the cost differences, the 

levels of tooth tissue removal, the expected clinical longevity, the time to conclude the treatment, and 

the predictability of the aesthetic result. Based on these factors, the patient was informed about the pos-

sible treatments options. Results and Conclusions: The case presented demonstrates how fundamental 

a multidisciplinary approach in the complex rehabilitation ; compliance with the common knowledge 

in the field implant - prostheses, in combination with some special precautions such as raising specific 

trans - crestal sinus, the use of prosthetic implant materials and the latest generation, now allow the 

clinician to obtain aesthetic results and functional excellent.

KEY WORDS: Rehabilitation, Post-extraction implants, Aesthetic dentistry, Virtual planning, Mock-up.
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Scopo del lavoro
Lo scopo  di questo studio è quello di comparare protesi in re-
sina acrilica, con o senza struttura in metallo, immediatamente 
caricate e supportate da impianti assiali e inclinati, in pazienti 
totalmente edentuli, dopo 3 anni dal carico. 

materiali e metodi
I pazienti selezionati per questo studio sono totalmente o par-
zialmente edentuli in una o entrambe le arcate e con severa 
atrofia delle regioni posteriori. Tutti i pazienti hanno immediata-
mente ricevuto una riabilitazione protesica, ognuna delle quali 
supportata da quattro impianti (due assiali e due inclinati). I 
pazienti sono stati selezionati casualmente per ricevere una 
protesi definitiva con una struttura in metallo o una in sola 
resina acrilica. Sono state effettuate visite di controllo fino a 
36 mesi dopo l’inserzione degli impianti. Sono stati arruolati 
54 pazienti e sono state posizionate 66 protesi a carico im-
mediato, ognuna supportata da quattro impianti (in totale 264 
impianti). In tutto sono state confezionate 31 protesi in sola 
resina acrilica e 35 protesi con struttura in metallo. 

riSultati e concluSioni
La percentuale di sopravvivenza a 3 anni degli impianti assiali 
è del 98,5%, del 97,76% per quelli inclinati, del 97,5% per 
quelli posizionati nel mascellare superiore e del 98,61% per 
il mascellare superiore. Non si riscontrano fallimenti protesici 
benché quattro protesi totalmente in resina acrilica abbiano  
presentato incrinature nel materiale. Non sono state riscontrate 
significative differenze nella perdita di osso perimplantare tra 
gli impianti assiali e inclinati in entrambe le arcate. Lo stesso 
risultato clinico è stato riscontrato per i pazienti trattati con 
il cosiddetto protocollo “All on Four”, indipendentemente dal 
fatto che il ripristino della resina acrilica fosse rinforzata con 
metallo.

La riabilitazione implantoprotesica a carico im-
mediato di un mascellare edentulo è una possi-
bilità terapeutica con un elevato indice di suc-

cesso e soddisfazione per l’operatore e per il paziente 
(1, 2). Tuttavia l’anatomia dei mascellari, i fisiologi-
ci processi di pneumatizzazione dei seni mascellari, 
i danni parodontali e iatrogeni rappresentano del-
le limitazioni alle riabilitazioni convenzionali dei pa-
zienti edentuli che necessiterebbero di trattamenti di 
rigenerazione ossea preimplantare. Tali metodiche so-
no da considerarsi per i pazienti ad alto costo biolo-
gico ed economico, con elevata morbilità ed operato-
re dipendenti.
Per queste ragioni gli attuali orientamenti implan-
tari vertono verso protocolli clinici che sfruttano l’os-
so basale residuo senza necessità di alcun genere di 
rigenerazione. Tali metodiche, ben supportate da da-
ti scientifici, prevedono un immediato ripristino della 
funzione tramite il posizionamento di impianti a cari-
co immediato (3, 4, 5).
Il protocollo “All on Four” richiede il posizionamen-
to di quattro impianti, due anteriori “dritti” e due po-
steriori tiltati posti nell’osso basale dei mascellari. Ta-
le tecnica viene utilizzata in pazienti affetti da grave 
atrofia senza la necessità di alcuna rigenerazione os-
sea. Le riabilitazioni a numero ridotto di impianti, sia-
no essi inclinati o meno, sono comprovate da numerosi 
studi scientifici che dimostrano come quattro impian-
ti siano sufficienti a supportare una protesi ad arcata 
completa. La validazione dell’utilizzo di impianti tilta-
ti permette di posizionare impianti più lunghi, in re-
gioni che presentano qualità ossee migliori con anco-
raggio corticale e diminuendo il cantilever protesico 
(6, 7, 8). 
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re. Gli impianti posteriori sono posiziona-
ti vicini e paralleli alla parete anteriore del 
seno mascellare; in genere questi impianti 
sono inclinati distalmente approssimativa-
mente tra i 30 e i 35 gradi. Successivamen-
te si procede  ad allocare gli impianti ante-
riori assiali. Gli impianti posteriori erano 
3,8 mm di diametro e 15 o 13 mm di lun-
ghezza e quelli anteriori 3,8 mm di diame-
tro e di lunghezza compresa tra gli 11 ed i 
15 mm (figg. 5-11).

e lunghezza 15 o 13 mm, sono posizionati 
al di sopra del foro mentoniero ed inclinati 
mesialmente di 30-45 gradi rispetto al pia-
no occlusale. Gli impianti posteriori, gene-
ralmente emergono nella posizione del se-
condo premolare (figg. 1, 2, 3 e 4).
A livello del mascellare superiore la tecni-
ca prevede l’incisione dalla zona del pri-
mo molare superiore destro al primo mola-
re superiore sinistro con scarico distale ed 
il sollevamento di un lembo a tutto spesso-

Poiché il carico immediato di impianti in-
clinati ed assiali con posizionamento di 
una protesi provvisoria immediata è pro-
posto come metodo prevedibile, veloce ed 
economico per trattare le atrofie dei ma-
scellari, lo scopo di questo studio è di com-
parare la riabilitazione protesica di una 
protesi definitiva con supporto in metallo 
con una protesi totalmente in resina acri-
lica, entrambe immediatamente caricate e 
supportate da due impianti mediani assia-
le e due impianti distali inclinati dopo tre 
anni dal posizionamento.

materiali e metodi

Selezione dei pazienti
Questo studio clinico è stato eseguito nel 
dipartimento di Odontoiatria dell’Ospeda-
le San Raffaele di Milano. I pazienti dove-
vano presentare un buono stato di salute, 
essere edentuli (una o entrambe le arca-
te) o essere resi edentuli per la presenza di 
elementi dentari gravemente compromes-
si. Tutti esibivano una severa atrofia del 
mascellare superiore o inferiore. I criteri 
di esclusione riguardavano la presenza di 
una qualsiasi infezione attiva o di una se-
vera infiammazione delle aree destinate 
al posizionamento dell’impianto, di malat-
tie croniche sistemiche, di consumo di 15 
o  più sigarette al giorno, di bruxismo e di 
una scarsa igiene orale.
I pazienti sono in possesso di esami ra-
diografici di primo (OPT) e secondo livello 
(TAC O CBCT) e hanno sottoscritto  il  con-
senso per questo tipo di riabilitazione.

Procedure chirurgiche
Un’ora prima dell’intervento, ai pazien-
ti viene  somministrato 1 g di amoxicilli-
na (Zimox, Pfizer Italia),  da assumere 1 g 
due volte al giorno, per i successivi 6 gior-
ni. Le procedure chirurgiche vengono ese-
guite in anestesia locale, optocaina 20 mg/
mL con adrenalina 1:80,000.
A livello mandibolare si procede ad un’in-
cisione crestale dalla zona del primo mola-
re destro al primo molare sinistro con due 
scarichi distali ed allo scollamento muco-
periosteo finalizzato a mettere in eviden-
zia l’emergenza dei fori mentonieri. Gli 
impianti posteriori, di diametro 3,8 mm 

Fig. 1 Radiografia preoperatoria. 

Fig. 3 La protesi avvitata: vista occlusale. 

Fig. 5 Arcata mascellare superiore. 

Fig. 7 Arcata mascellare inferiore. 

Fig. 2 Controllo dopo una settimana. 

Fig. 4 Radiografia postoperatoria. 

Fig. 6 Arcata superiore e inferiore da riabilitare. 

Fig. 8 Rx OPT pre intervento. 
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della struttura in resina anche in caso di 
fallimento implantare di una o due fixture. 
Durante ogni visita di controllo è valu-
tata la sopravvivenza implantare, defi-
nita come assenza di mobilità della fix-
ture, di dolore e di gonfiore nella zona 
operata. Il successo implantare è defini-
to come la sopravvivenza con l’aggiunta 
di una perdita marginale dell’osso infe-
riore a 1,5 mm dopo un anno di carico e 
di non più di 2 mm tra ogni singola visi-
ta di controllo a seguire dai primi 12 me-
si dall’intervento.
Ad ogni seduta di controllo viene esegui-
ta una radiografia OPT. Le valutazione 
dell’osso perimplantare sono state esegui-
te mesialmente e distalmente alla fixtu-
re utilizzando le giunzioni con i monconi 
come punto di riferimento. Al fine di cor-
reggere la distorsione delle radiografie la 
reale lunghezza degli impianti è stata com-
parata con la lunghezza radiografica del-
le fixture.

ne dell’intervento vengono rilevate le im-
pronte degli impianti e la registrazione 
occlusale utilizzando la protesi preconfe-
zionata. Entro le 72 ore dopo l’intervento 
è consegnato il manufatto protesico defi-
nitivo avvitato.
In base ad una selezione casuale i pazien-
ti trattati hanno ricevuto protesi avvitate 
definitive totalmente in resina acrilica o 
manufatti rinforzati da una struttura me-
tallica, entrambe le tipologie di epitesi pre-
sentano in genere cantilever fino al primo 
molare. 

Follow up
Tutti i pazienti seguono una dieta semi so-
lida per i 2 mesi successivi all’intervento 
(evitando pane e carne) e devono rispetta-
re un protocollo di follow up, eseguito da 
una igienista dentale, a 3, 6, 9, 12, 24 e 36  
mesi dopo l’intervento.
Il successo della riabilitazione è  definito 
dal seguente criterio: assenza di fratture 

Al fine di ottenere un adeguato torque di 
inserzione la cavità implantare è adegua-
tamente preparata e tutti gli impianti po-
sizionati presentano un torque minimo di 
25 nm.
Per gli impianti anteriori sono posizio-
nati monconi dritti o angolati a 17 gra-
di, mentre per quelli posteriori a 30 gradi 
per compensare la mancanza di paralleli-
smo tra le fixture. Questi gradi di angola-
zione sono scelti per consentire al foro di 
accesso della vite protesica una posizio-
ne occlusale o linguale rispetto ai denti 
montati sulla protesi provvisoria. La su-
tura è eseguita con fili 4/0 non riassorbi-
bili (figg. 12-17).

Protocollo protesico
Prima dell’intervento viene realizzata 
una protesi totale in base al set up dia-
gnostico, la cui dimensione verticale è 
stabilita e corretta dalle impronte stu-
dio e dallo studio cefalometrico. Al termi-

Fig. 9 Radiografia di controllo a 36 mesi. 

Fig. 12 Rx OPT pre intervento. 

Fig. 15 Healing abutment e sutura in seta. 

Fig. 10 Protesi arcata superiore. 

Fig. 13 Mascellare superiore, visione preoperatoria. 

Fig. 16 La protesi acrilica posizionata a distanza
di 6 mesi. 

Fig. 11 Protesi arcata inferiore. 

Fig. 14 I quattro impianti posizionati. Da notare 
l'inclinazione di circa 45° degli impianti distali.

Fig. 17 Radiografia di controllo a 6 mesi.
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in completely edentulous patients after 3 years 
of function patients who were completely ot par-
tially edentulous in one or both arches with seve-
re atrophy of the posterior regions were selected 
for this study.

MaterialS and MethodS
All patients immediately received prosthetic reha-
bilitations, each supported by four implants (two 
axial and two tilted). The patients were rando-
mized to receive a definitive prosthesis with a cast 
metal framework or one made of acrylic resin only. 
Follow-up visits were performed up to 36 months 
after implant insertion and  included radiographic 
assessments of bone levels around the implants. 
54 patients participated , and were placed 66 im-
plants in immediate loading, each supported by 
four implants (total 264 plants). In all, 31 pro-
stheses implants in one acrylic resin and 35 pro-
stheses with metal frame, were packed. 

reSultS and concluSionS
The survival rate at three years of the axial in-
stallations is of 98.5%, of 97.76% for those incli-
ned, 97.5% for those located in the maxilla and 
of 98,61% for the maxilla. There is no observed 
failures, although four prosthetic implants total-
ly acrylic resin have submitted cracks in the ma-
terial. No significant differences were found in the 
loss of peri-implant dare between axial and tilted 
implants in both arches. Conclusions: the same 
clinical result was found for patients treated wi-
th the so-called protocol “All on Four”, regardless 
of the fact that the restoration of the acrylic resin 
was reinforced with metal.

re impianti più lunghi ed in aree dei ma-
scellari caratterizzate da una buona qua-
lità ossea. Evitare qualsiasi genere di 
intervento di rigenerazione ossea signifi-
ca una minor morbilità ed un drastico calo 
dei costi. Il periodo post chirurgico risulta 
maggiormente confortevole per i paziente 
poiché utilizzano subito dopo l’intervento 
le protesi a carico immediato.
In questo studio sono state realizzate 66 
protesi, di cui 35 con rinforzo metallico e 
31 senza, prive di alcun fallimento protesi-
co benché 3 protesi in sola resina acrilica 
abbiano evidenziato delle rotture del ma-
teriale; le epitesi non hanno presentato al-
cuna frattura nemmeno a seguito dei falli-
menti implantari.
Alcuni autori affermano che le protesi con 
rinforzo metallico sono significativamen-
te più resistenti, migliorano il follow up e 
la sopravvivenza implantare (12, 13, 14), 
mentre altri autori dichiarano che l’assen-
za di rinforzo metallico permette un mi-
glior assorbimento dei traumi occlusali e 
diminuiscono i traumi da sovraccarico de-
gli impianti (15, 16). In letteratura sono 
presenti articoli che asseriscono una mi-
glior sopravvivenza implantare di manu-
fatti con rinforzo e altri che dichiarano un 
elevato successo delle fixture caricate con 
protesi totalmente in resina acrilica (9, 14).
Nonostante non ci siano uniformi risulta-
ti clinici in letteratura questo studio di-
mostra che il carico immediato di protesi 
supportate da 4 impianti dà risultati so-
vrapponibili sia che i manufatti siano com-
pletamente in resina acrilica che le prote-
si presentino un rinforzo in resina. Studi 
clinici con follow up a lungo termine e con 
un maggior numero di pazienti arruolati 
potrebbero fornire nuove informazioni ri-
guardo la necessità di rinforzi metallici o 
meno, comunque in accordo con la lettera-
tura questo studio dimostra che il proto-
collo “all on four” presenta  un elevato suc-
cesso clinico. ●

aiM oF the work
The aim of this study was to compare definiti-
ve acrylic resin prostheses, with or without a 
cast  metal framework that were immediately lo-
aded and supported by axial and tilted implants 

riSultati

I 54 pazienti, di cui 33 donne e 21 uomini,  
con un età media di 55,9 anni (range tra 43 
e 83 anni), sono stati casualmente selezio-
nati per questo studio e trattati con 66 ria-
bilitazioni implantoprotesiche a carico im-
mediato, 36 mascellari e 30 mandibolari. 
Ogni riabilitazione è supportata da 4 im-
pianti per un  totale quindi di 264 impian-
ti. 12 pazienti hanno richiesto protesi sia 
al mascellare che alla mandibola. 31 pro-
tesi in resina acrilica avvitate e 35 prote-
si con strutture definitive in metallo sono 
state consegnate ai pazienti.  
Durante i primi 4 mesi, dopo il posiziona-
mento degli impianti, 5 impianti sono stati 
persi, 2 mascellari e 3 mandibolari, 3 di 
essi inclinati e 2 assiali.
La percentuale di sopravvivenza a 3 an-
ni degli impianti assiali è del 98,5%, del 
97,76% per quelli inclinati, del 97,5% per 
quelli posizionati nel mascellare superio-
re e del 98,61% per il mascellare superio-
re. Non si riscontrano fallimenti protesici 
benché quattro protesi totalmente in resi-
na acrilica abbiano presentato incrinature 
nel materiale.
Alla valutazione dei 36 mesi, la perdita 
dell’osso perimplantare riscontra una me-
dia di 1,10 ± 0,45 mm per gli impianti as-
siali mascellari e 1,11 ± 0,32 per gli im-
pianti inclinati mascellari.

diScuSSione e concluSioni

I dati del presente studio forniscono in-
coraggianti risultati clinici per quan-
to riguarda le riabilitazioni implantopro-
tesiche full arch a carico immediato con 
quattro impianti. Nonostante cinque pa-
zienti abbiano avuto fallimenti implantari 
la sopravvivenza implantare media è pa-
ragonabile a quelle descritte in letteratu-
ra (6, 7, 17).
Lo studio radiografico comparativo mostra 
come il rimodellamento e riassorbimento 
osseo perimplantare sia comparabile tra 
le fixture assiali e quelle tiltate come già 
dimostrato da altri autori (9, 10, 11). Que-
sti risultati positivi si sommano ai vantag-
gi biomeccanici dati dalla diminuzione del 
cantilever e dalla possibilità di posiziona-
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ABSTRACT
The aim of this multicentre prospective study was to evaluate the efficacy and safety of a surgical
approach based on a novel osteotome technique, in order to obtain both alveolar ridge expansion
and sinus floor elevation. Partially edentulous patients requiring an implant-prosthetic
rehabilitation with a fixed prosthesis in the posterior maxilla were included in this study according
to pre-established inclusion and exclusion criteria. All implants were placed after site preparation
with the ‘Alternating Osteotome Technique’, which consists of the use of alternating concave and
convex osteotomes. After a 4 to 6-month healing period, all implants were restored with a
definitive fixed prosthesis. Clinical and radiographic examinations were scheduled over a 36-month
follow-up of functional loading according to a well-established protocol. Statistical analysis was
used to detect any significant differences or correlations (P D 0.05). Seventy-six patients were
consecutively treated with a total of 120 implants in three different centres. The mean ridge
expansion and sinus floor elevation were 1.8 § 0.3 and 2.5 § 0.7, respectively. After three years of
functioning, the implant success rate was 99.1% since one implant had failed and the mean
marginal bone loss was 0.6 § 0.3 mm. No complications occurred during the intraoperative and
postoperative periods. All parameters analysed were stable and steady throughout the three-year
follow-up. The ‘Alternating Osteotome Technique’ enables the dental surgeon to achieve an
adequate implant osteotomy with limited ridge expansion and sinus floor elevation, increasing
modestly the vertical and horizontal dimensions of the alveolar crest but reducing significantly the
risk of surgical complications.

KEYWORDS
Implant success; crestal bone
loss; osteotome; ridge
expansion; sinus floor
elevation

Introduction

The loss of one or more teeth has always been a cause of
bone resorption, which can be influenced by many fac-
tors such as age, gender, osteoporosis, diabetes, smok-
ing, previous lost implants, type of prosthetic
rehabilitation, time elapsing before implant rehabilita-
tion and others.[1] The more time passes before implant
rehabilitation, the less bone volume will be available for
insertion of implants of sufficient length and diameter to
ensure a high implant success rate.[2]

On the basis of Atwood’s analysis [3] and Cawood and
Howell’s clinical classification,[2] it appears that resorp-
tion vectors differ according to the site. Specifically, max-
illae undergo a progressive volumetric reduction and
centripetal contraction of the arch: the outcome of this
process consists of a class IV atrophic ridge in anterior
areas and a class V atrophic ridge in posterior areas.[2,3]

Expansive techniques (split-crest technique, eden-
tulous ridge expansion (ERE) and ridge expansion
osteotomy (REO)) can be used in class IV maxillae
for expanding the alveolar ridge. These techniques
use bone elasticity and plasticity to widen the spon-
gious space between the two cortical plates by
means of intracortical osteotomy of the alveolar
crest.[4�7]

Dislocative techniques (osteotome sinus floor ele-
vation (OSFE)) can be used in class V maxillae for ele-
vating the sinus floor. Some techniques use
osteotomes to dislocate the bone under the sinus
floor, while other techniques use burs to reduce bone
and dislocate only the sinus membrane in order to
increase the bone height available for implant place-
ment.[8�13]

Malchiodi et al. [13,14] proposed the technique
based on the use of alternating concave/convex
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osteotomes with variable conicity in an attempt to
increase implant success rates in atrophic maxillae.
This technique of manual osteotomic preparation of
implant sites involves a system based on two kinds
of working spikes that cause two vector compression
forces apically and surrounding the implant site in
order to achieve both alveolar ridge expansion and
sinus floor elevation.

The aims of the present study were (1) to measure the
clinical horizontal ridge expansion and radiographic ver-
tical sinus elevation, obtained by means of this surgical
approach, (2) to assess its safety, reporting intraoperative
and postoperative complications and (3) to evaluate its
efficacy in terms of implant success rate and marginal
bone loss after a three-year follow-up.

Materials and methods

Study design

The patients chosen for treatment with the ‘Alternating
Osteotome Technique’ (AOT) were referred over the
period from July 2007 to July 2009 for an implant�pros-
thetic rehabilitation with a fixed prosthesis in the poste-
rior maxilla in three different centres.

All patients had advanced alveolar bone resorption
in the posterior areas of the maxilla, which had to be
treated by implant placement. They had been advised
that they were not candidates for long or wide
implants without extensive preparatory implant site
development, because of insufficient alveolar ridge
height and width.

However, all sites had an alveolar ridge volume of at
least 5.0 £ 3.5 mm which is considered mandatory for
performing AOT in order to have a low risk of buccal
dehiscence or sinus perforation.

The decision to use a novel technique was made after
discussion with the patients and after obtaining their
informed written consent. The following criteria were
used to select the patients in whom successful results
could be achieved with this type of surgical technique:

� inclusion criteria: partial edentulism, need of an
implant-supported fixed prosthesis in the posterior
maxilla, residual bone volume of at least 3.5 mm in
width and 5.0 mm in height, highly controlled oral
hygiene, absence of acute infection in the oral cav-
ity and willingness to participate in an oral hygiene
maintenance programme;

� exclusion criteria: insufficient bone volume, brux-
ism, smoking more than 10 cigarettes/day, abuse of
alcohol, radiotherapy in the maxillofacial district,
chemotherapy, liver disease, blood disease, kidney

disease, inflammatory and autoimmune disease,
immunodepression, corticosteroid therapy, preg-
nancy and insufficient oral hygiene.

Treatment was performed in three centres � the
Department of Morphological and Biomedical Sciences,
Section of Dentistry and Maxillofacial Surgery, University
of Verona and two private offices. All three centres pro-
vided details of all implants placed after site preparation
with AOT in partially edentulous patients.

Osteotome surgical kit and surgical technique

The AOT is based on the use of 11 alternating osteo-
tomes with variable conicity (Bontempi Medizintechnik
GmbH, Tuttlingen, Germany), 8 initial osteotomes with
a tapered design and 3 corrective osteotomes, one for
5 mm diameter implants and two for cylindrical
implants. The eight initial osteotomes have alternating
concave and convex spikes, with the same 2.5 mm apical
diameter, but different conicity; they are between 4 and
13 mm in length, with 1.5 mm spacing from one to the
next. The spikes and working bases have a constant
diameter, while the difference between the devices lies
in their lengths. The various lengths cause a progressive
conicity of the osteotomes, with each device having
greater conicity than the previous one in the sequence.
Therefore, this system should be used when tapered and
cylindrical 8�13 mm implants are to be placed.

Osteotome characteristics are reported in Table 1.
The operative sequence is as follows: a rose-headed bur

(2 mm in diameter) is used up to its working range limit to
create a generous pathway for the first osteotome. Since a
2 mm bur needs at least 1 mm of vestibular and palatal
bone, the minimum thickness required for the use of this
technique is 4 mm. If there is an hourglass-shaped crest
with clear vestibular resorption, a progressive axial correc-
tion can be performed. The osteotomes should be used
sequentially to create an adequate osteotomy according
to implant size (Figure 1).

Table 1. Osteotome characteristics.
Device
number

Concave
spike

Convex
spike

Length
(mm)

Apical diameter
(mm)

No. 1 x 4.0 2.5
No. 2 x 5.5 2.5
No. 3 x 7.0 2.5
No. 4 x 8.5 2.5
No. 5 x 10.0 2.5
No. 6 x 10.0 2.5
No. 7 x 11.5 2.5
No. 8 x 13.0 2.5
5 mm corrector x 10.0 3.1
Cylindric corrector No. 1 x 13.0 3.0
Cylindric corrector No. 2 x 13.0 3.0
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Surgical and prosthetic protocols

Each patient was evaluated clinically and radiographi-
cally to choose the correct treatment planning: ortho-
pantomography and peri-apical X-rays were used as a
primary radiographic examination to evaluate baseline
bone height available for implant surgery, while com-
puted tomography, in the dentascan mode, was per-
formed in all cases of alveolar atrophy in order to
accurately evaluate bone height and width. A clinical
examination was carried out aimed at evaluating oral
hygiene, tissue health, keratinized mucosa, residual
tooth stability and many other factors capable of influ-
encing treatment planning.

Local anaesthesia was administered with articaine C
adrenalin 1:100.000 in the site of intervention; and arti-
caine C adrenalin 1:200.000 in other sites. A full-thick-
ness mucoperiosteal flap was raised and implant sites
were prepared using a 2 mm rotating bur and alternat-
ing osteotomes with variable conicity, as described by
Malchiodi et al. [14] No graft biomaterial was used dur-
ing implant site osteotomy.

Implants (Biotec BTK, Povolaro di Dueville (VI), Italy;
Biomet 3i, Palm Beach Gardens, FL, USA) were placed
using a ‘two-stage delayed function’ approach, as
described by the manufacturer. It is necessary to install
the implant in the osteotomy site using low speed
(25 rpm) and 30�45 Ncm torque, turning the implant
until it is fully inserted; a cover screw is then positioned
on the implant using a screwdriver; finally, the mucoper-
iostal flap is re-positioned and sutured in a tension-free
manner to ensure first intention healing and better
osseointegration of implants.

During the first 7 days, patients were instructed to
observe a fluid diet; while during the next 15 days,
patients were instructed to observe a soft diet and good
oral hygiene. Chlorhexidine 0.2% three times daily was
recommended. Patients used no removable prostheses
with mucosal support in the operation site. Occasionally,
a provisional tooth-supported fixed prosthesis was used.

The initial healing period ranged from 4 to 6 months
depending on the clinical circumstances and the treating
clinician’s preference. A temporary healing abutment is
then positioned on the implant to achieve adequate
peri-implant soft tissue healing. After achieving correct
soft and hard tissue healing, implant-supported prosthe-
ses were created.

All definitive restorations were placed in occlusion,
where the occlusal surface was thoroughly modelled so
that it was in contact with reduced areas during laterality
and protrusion excursions, in order to reduce the dislo-
cating vectorial components; several contacts were
maintained in maximum intercuspation.

The patient was included in a maintenance pro-
gramme to achieve optimal hard and soft tissue healing,
which comprised of professional oral hygiene every six
months and rinsing twice daily with chlorhexidine
digluconate 0.2% during the first two weeks.

Clinical evaluation was performed monthly during the
first six months after definitive restoration. Further
checks were performed every 6 months and consisted of
analysis of soft tissue health (modified plaque index
(mPI), modified gingival index (mGI) and bleeding on
probing (BOP)) and evaluation of the probing pocket
depth; radiographic examination with intra-oral radio-
graphs was performed every 12 months after definitive
restoration.

Figure 1. Alternating Osteotome Technique: (a) initial position;
(b) final position.
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Data collection

A clinical examination was carried out aimed at evaluat-
ing the presence of chronic or aggressive periodontitis;
the presence of parafunctional habits (bruxism or
clenching); gingival biotype (thick or thin), via visual
assessment and assessment with a periodontal probe, as
described by Kan et al. [15]; mPI, as described by Abra-
ham et al. [16]; mGI, as described by Lobene et al. [17]
and BOP, as described by Tagge et al. [18] For each
implant, the authors recorded implant length; implant
diameter and implant site (first premolar, second premo-
lar, first molar and second molar).

During implant surgery, the width of the alveolar ridge
was measured clinically prior to the osteotomy and after
implant placement in order to evaluate the initial and
final width; buccal�palatal ridge expansion was indicated
as the difference between final and initial ridge widths.
Similarly, the height of the alveolar ridge was measured
radiographically prior to the osteotomy and after implant
placement in order to evaluate the initial and final
heights. Vertical sinus floor elevation was indicated as the
difference between final and initial ridge heights. All
these measurements were carried out using a Castroviejo
caliper with a 1 mm graduated scale and were rounded
off to the nearest 0.5 mm; similar measurements were
obtained at re-opening surgery to evaluate bone stability.

Crestal bone level was measured at baseline, at the
12-month follow-up, at the 24-month follow-up and at
the 36-month follow-up for each implant, considering
the first contact point at the bone�implant interface.

All radiographs of implants from each subject’s 36-
month recall visit were reviewed independently by an
oral radiologist at a magnification of 6£ for the measure-
ments of marginal bone level. This was assessed mesially
and distally by identifying the lowest observed point of
crestal bone intimate contact with the implant, and com-
pared to the level at baseline to quantify marginal bone
loss. Both measurements were rounded off to the near-
est 0.1 mm with the aid of a seven-fold magnifying lens.
A peak scale loupe with a seven-fold magnifying factor
and a 0.1 mm graduated scale were used, as described
by Degidi et al.[19]

Finally, both intraoperative and postoperative compli-
cations were recorded: the former included sinus perfo-
ration, cortical bone fracture, implant dehiscence,
implant fenestration and incomplete osteotomy, and the
latter, benign paroxysmal positional vertigo (BPPV),
wound dehiscence, persistent pain, sinusitis, rhinorrhoea
and nasal obstruction. Other implant�prosthetic compli-
cations, such as screw fracture, screw loosening or
implant failure, were recorded postoperatively up to the
36-month follow-up examination.

Follow-up and success evaluation

All patients were recalled every six months as a part of
their routine oral hygiene programme. A clinical and radio-
graphic examination was scheduled after the implant sur-
gery, after four or six months of healing, at the time of
prosthetic rehabilitation and every six months (radio-
graphic examination every 12 months) until the 36-month
follow-up visit, according to a well-established protocol
generally used to determine implant success. Implant suc-
cess was defined according to the criteria suggested by
Buser et al. [20] and modified by Albrektsson and Zarb,[21]
including: (1) absence of persistent pain or dysaesthesia or
paraesthesia in the implant area; (2) absence of peri-
implant infection with or without suppuration; (3) absence
of perceptible mobility of the implant and (4) absence of
persistent peri-implant bone resorption of >1.5 mm
during the first year of loading and 0.2 mm/year during
the following years.

The implants were considered successful in the pres-
ence of all of the above-mentioned criteria at the most
recent follow-up appointment. Clinical complications
such as pain, dysaesthesia or paraesthesia were assessed
by interviewing the patients. Peri-implant infection with
or without suppuration and implant mobility were
assessed by clinical observation and pressure. Radio-
graphic complications such as excessive peri-implant
bone resorption or radiolucencies were assessed with
peri-apical X-rays.

Results and discussion

In total, records were analysed for 120 implants in 76
subjects (aged 31�68 years; 41 females and 35 males),
who needed to restore a partial edentulism in the poste-
rior maxilla. The University Center contributed 60
implants in 38 subjects (33 in molar sites and 27 in pre-
molar sites). Private office 1 (Mantova, Italy) contributed
32 implants in 20 subjects (20 in molar sites and 12 in
premolar sites), performed by an oral surgeon; and pri-
vate office 2 (Brescia, Italy) contributed 28 implants in 18
subjects (16 in molar sites and 12 in premolar sites), per-
formed by an oral surgeon. Two patients (3 implants)
dropped out during the follow-up period.

According to length, 8.5, 10, 11.5 and 13 mm long
implants were used in 28.3% (n D 34), 30.9% (n D 37),
22.5% (n D 27) and 18.3% (n D 22) of cases, respectively;
according to the diameter, 4 and 5 mm implants were
used in 65.0% (n D 78) and 35.0% (n D 42) of cases,
respectively.

One implant had failed because of excessive crestal
bone loss, during the three-year follow-up: 116 out of
117 maxillary implants fulfilled the previously established
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success criteria, giving a 99.1% implant success rate. As a
result, the prosthesis survival rate was 100% because the
failed implant was still in function.

The mean dimensions of the alveolar ridge before sur-
gery were 4.6 § 0.8 mm in width and 8.5 § 1.9 mm in
height; after AOT, the mean width and height of the
alveolar ridge were 6.4 § 0.9 and 11.0 § 1.8 mm, respec-
tively. The mean horizontal ridge expansion and vertical
sinus elevation were 1.8 § 0.3 and 2.5 § 0.7 mm, respec-
tively, which correspond to 39.1% and 29.4% augmenta-
tion compared to the initial dimensions. The differences
between alveolar ridge dimensions before and after AOT
were statistically significant (P < 0.05).

The mean crestal bone level at baseline was 0.5 §
0.4 mm, while the mean crestal bone level value at the
three-year follow-up was 1.1 § 0.5 mm. Analysis of
crestal bone levels revealed a mean marginal bone loss
during functional loading of 0.6 § 0.3 mm. Four implants
(3.4%) presented no bone resorption; most implants (nD
75) (64.1%) showed bone resorption ranging from 0.1 to
0.5 mm; twenty-seven implants (23.1%) presented bone
losses ranging from 0.6 to 1.0 mm; seven implants (6.0%)
between 1.1 and 1.5 mm and only three implants (2.6%)
showed bone loss up to 1.6 mm. None of the osseointe-
grated implants showed a marginal bone loss of more
than 2.1 mm, with the exception of the failed implant.

The baseline clinical values for mPI, mGI and BOP
were 0.4 § 0.2, 0.5 § 0.2 and 0.4 § 0.2 mm, respectively.
At the 36-month follow-up evaluation, statistically signifi-
cant reductions in mGI and BOP were recorded com-
pared to baseline (P < 0.05). The 36-month follow-up
clinical values for mPI, mGI and BOP were 0.4 § 0.2,
0.4 § 0.2 and 0.2 § 0.1 mm, respectively.

Three cases of intraoperative complications were
recorded: the first was a sinus perforation (0.9%) in a
patient with a residual bone height of 5.5 mm and the
other two were cortical bone fractures (1.7%) after
implant placement in patients with a residual bone
width of 3.5 mm. No postoperative complications, such
as BPPV, wound dehiscence, acute or chronic sinusitis,
were reported. Finally, only one case of screw fracture
(0.9%) and two cases of screw loosening (1.7%) were
observed during the 36-month follow-up.

The AOT was introduced in 2003 after analysis of
implant positioning risk factors in atrophic maxillae,
which are often deficient in bone width and height.[13]

All osteotomes present a wide stop at the basis of the
working spike as well as progressive working spike
conicity. These structural characteristics facilitate osteo-
tome insertion in sequence: each osteotome is inserted
passively via a path corresponding to the osteotomy cre-
ated by the previous device and continues the osteo-
tomic action for only 1.5 mm, i.e. the difference in length

between one osteotome and the next. It is sufficient to
manually rotate the device clockwise with a slight push
to allow the latter to go deeper until reaching the
mechanical stop, thus, reducing the risk of maxillary
sinus perforation. Additionally, the osteotome design is
extremely useful for achieving the apical and buccal dis-
location of alveolar bone, gradually increasing the depth
and diameter of the implant site.[14]

In the present study, the use of AOT made it possible
to achieve both alveolar ridge expansion and sinus floor
elevation, with over a 25%�30% increase compared to
original bone volume. The increase in width is rather
small in comparison to ERE techniques or similar split-
crest techniques, which yield a horizontal expansion of
about 25%�80%.[22,23] Similarly, the increase in height
is low in comparison to other OSFE techniques, which
permit a vertical augmentation of about 30%�90%.
[8,11,24,25]

As regards the sinus floor elevation effect of AOT, it is
clear that the amount of vertical bone gain was smaller
than that reported in other studies, where transcrestal
sinus floor elevation was achieved by means of osteo-
tomes and burs plus autogenous bone and graft bioma-
terial (6.75 mm),[26] osteotomes plus deproteinized
bovine bone mineral (DBBM) (6.9 mm) [27] or osteo-
tomes and burs plus synthetic hydroxyapatite or DBBM
(7.70 and 6.50 mm, respectively).[28]

However, the majority of studies where sinus eleva-
tion was performed by means of the use of osteotomes
alone or combinations of osteotomes and burs, with or
without graft material, reported a mean vertical bone
gain lower than 5 mm.[29�37]

AOT makes it possible to minimize the risk of intrao-
perative and postoperative complications, creating an
adequate implant site for the placement of a conven-
tional-sized implant. The conical conformation of the
spikes, the alternation of apical concavity and convexity,
the wide stop and the comfortably sized handle elimi-
nate the need to use a hammer percussively, thus, reduc-
ing the risk of BPPV and sinus perforation.

OSFE is considered a predictable technique that
makes it possible to achieve an increase in bone height
and successful results similar to those of conventional
implants.[25] However, sinus perforation is the most
common complication of maxillary sinus surgery.[38,39]
The force applied should be sufficient to fracture the
sinus cortical floor but restrained enough to prevent the
osteotome tip from traumatizing the Schneiderian mem-
brane, although tapping the remaining bone of the sinus
floor carries a risk of perforation of the sinus membrane.
[39]

Garbacea et al. [40] conducted an ex vivo investiga-
tion of the occurrence of sinus membrane perforation
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during surgery utilizing three different transcrestal sinus
floor elevation techniques; they reported high rates of
sinus perforation. Although an endoscopic study has
revealed that the sinus floor may be elevated by any-
thing up to 5 mm without perforating the sinus mem-
brane, [41] other studies have demonstrated the risk of
membrane perforation while performing transalveolar
sinus floor elevation of more than 4 mm.[42,43] Lai et al.
[44] have published a randomized clinical trial compar-
ing OSFE with and without graft materials, reporting
membrane perforation rates of 7.8% and 2.6%, with
mean residual bone heights of 4.7 and 5.6 mm,
respectively.

BPPV is another common complication of OSFE. It
consists of a high-prevalence, vestibular end organ disor-
der due to the detachment of the utricular otoconia
floating in the posterior or lateral semicircular canal. Di
Girolamo et al. [45] reported a BPPV rate of 2.7% as a
complication of OSFE: the authors hypothesize that the
surgical trauma, and specifically the pressure exerted by
the osteotomes and mallet, cause the detachment of the
otoliths from the utricular macula, while the patient’s
head position, hyper-extended and tilted to the side
opposite to the one where the surgeon is working, which
favours the entry of these free-floating particles into the
posterior semicircular canal of the implanted side. Pen-
narocha et al. [46�48] reported high rates of patients
affected by BPPV after the use of osteotomes and mallet
for sinus floor elevation and recommended that particu-
lar care be taken when using these devices in order to
avoid BPPV, although this complication is a benign, self-
limiting peripheral disorder that is promptly solved by
means of the Epley re-positioning manoeuvre. Sammar-
tino et al. [49] in a randomized controlled trial demon-
strated that the use of osteotome and mallet for closed
sinus floor elevation and implant site preparation is asso-
ciated with a higher risk of BPPV compared to the use of
manual or screwable osteotomes; the authors observed
a BPPV rate of 3.1% for the mallet osteotome group and
a BPPV rate of 0% for the screwable group. In the present
study, one case of sinus perforation (0.9%) and no cases
of BPPV (0%) were reported, indicating the safety of the
AOT. Further randomized controlled studies are needed,
however, to demonstrate its safety definitively.

As regards the ridge expansion effect of AOT, the
amount of horizontal bone gain was smaller than that
reported in other studies, where ERE was achieved by
means of original ERE (3.5 mm),[50] the split-crest tech-
nique with ultrasonic bone surgery (2.8 mm),[22] the
split-crest technique plus autogenous bone and
graft biomaterial (4.8 mm),[51] the extension-crest
device (3.9 mm) [52] or the two-stage split-crest tech-
nique (7.1 mm).[23,53]

However, AOT reduces the risk of intraoperative com-
plications, such as cortical plate fractures, and makes it
easier to prepare an adequate implant site without the
use of split-thickness flaps, sagittal osteotomy and graft
biomaterials.

Strietzel et al. [54] showed that REO was associated
with 22% rate of cases with a buccal cortical plate frac-
ture and that the risk of fracture was significantly higher
in class II bone. Guided bone regeneration (GBR) with a
non-resorbable membrane was used to achieve bone
augmentation and implant osseointegration.

Ferrigno and Laureti [51] proposed a novel implant
design in order to reduce the risk of fracture of the labial
cortical plate during the last two steps of the split-crest
technique: (1) implant site preparation and (2) implant
insertion. Nevertheless, the authors observed that buccal
plate fracture occurred in 5% of cases, in which removal
of the cortical plate was required in order to perform a
GBR technique with minced autogenous bone plus graft
biomaterials. This complication could compromise the
osseointegration of the implants, as highlighted by the
same authors. In cases with total fracture of the buccal
bone segment, other authors believe that careful fixation
of the buccal cortex to the underlying palatal bone cor-
tex with two bicortical micro screws may be enough to
stabilize the bone segment, while allowing the preserva-
tion of a gap that should be filled with an autogenous or
heterogenous bone graft.[55]

Basa et al. [56] described an alternative expansion
technique for edentulous ridges, in which the buccal cor-
tical plates were split, intentionally fractured, held in situ
by a cortical screw and grafted with biomaterials. This
procedure enables the dental surgeon to avoid the risk
of unintentional fractures that may occur during ERE. In
the present study, two cases of cortical bone fractures
(1.7%) occurred after implant placement, but no treat-
ment was required because of the limited extent of the
fracture line, which is always less than 2 mm.

Finally, it is important to consider that also Calvo-Guir-
ado et al. [26] evaluated the efficacy of AOT for the pos-
terior alveolar expansion and elevation of the upper
maxillary alveolar ridge, reporting a 100% implant suc-
cess rate after a nine-month follow-up. Although the
authors reported a mean increase in bone height of
6.8 § 1.3 mm and a mean ridge expansion of 3.2 §
0.2 mm, they provided no information regarding compli-
cation rates, such as sinus perforation or cortical bone
fractures.

Considering maxillary bone and sinus membrane
elasticity, the authors of the present study presume that
one cannot reasonably expect to achieve 103% and 83%
horizontal and vertical ridge augmentation starting from
initial ridge dimensions of 3.3 and 8.2 mm, respectively,
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as reported by Calvo-Guirado et al. [26] Consequently,
the use of autologous bone or biomaterial was necessary
to keep the bone corticals apart and to serve as scaffold-
ing for the bone neoformation, in the cases of bone defi-
ciencies.[26]

Conclusion

Bone augmentation techniques are routinely required
for implant placement. The AOT is capable of increasing
the height and width of the ridge of atrophic maxillae by
over 25%�30%, reducing the risk of complications and
making implant site preparation easier. The implant suc-
cess rate and crestal bone levels after AOT were compa-
rable to those of implants placed in native bone,
showing that AOT is a viable technique for preparing an
increased implant site compared to the initial dimen-
sions of the edentulous ridge.
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Prosthetic Rehabilitation in Controlled
HIV-Positive Patients with 1-Year Follow-Up:
The Role of CD4+ Level, Smoking Habits, and
Oral Hygiene
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ABSTRACT

Background: A recent study showed that implant-prosthetic rehabilitation in well-controlled HIV patients gave slightly
worse results than in an healthy population, and failures were all linked to infection.

Purpose: The aim of this study was to examine the associations between the success of implant-prosthetic treatment and
systemic CD4+ level, smoking habits, and oral hygiene.

Materials and Methods: This mono-centric study included HIV patients with a stable disease and good oral hygiene
requiring implant rehabilitation. Each patient received at least one dental implant. Prosthesis were delivered after 90 days
in the upper jaw and 60 days in the lower jaw. Primary outcome measures were prosthetic failures, implant failures,
peri-implant marginal bone level changes, and biological complications (peri-implantitis, pus, pain, paresthesia). The
possible association with CD4 count, smoking habits, and oral hygiene was analyzed.

Results: Sixty-eight patients received 194 implants, and 66 patients (190 implants) were followed for 1 year. No significant
associations were found between CD4+ count, oral hygiene-associated variables, and any of the outcome measures. If
compared with nonsmoking/light smoking patients, patients who smoked >10 cigarettes/day suffered a statistically signifi-
cant greater number of implant failures (p 2 .005), presented a comparatively higher number of peri-implantitis (p < .001),
as well as a higher frequency of pus (p 2 .007), and reported pain (p 2 .009).

Conclusion: Within the limitation of the present study, placement of dental implants in HIV-positive patients with stable
disease seems a reasonable treatment option, regardless of CD4+ cell count, provided that they are in a normal range. Oral
hygiene variables were not influent in this group of patient following recall appointments, while HIV-positive heavy
smokers (>10 cigarettes/day) demonstrated an increased risk of early implant failure, peri-implantitis, episodes of pus, and
self-reported pain.

KEY WORDS: AIDS, HIV, implant, implant survival, implantology, osseointegration, peri-implantitis
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INTRODUCTION

The scientific literature about oral implants performed

on HIV-positive patients is relatively scarce and consists

mainly of case reports1–3 or pilot study.4 This is in part

due to the fact that HIV-positive patients rarely were

subjected to this type of treatment as their systemic

disease was associated with a significant reduction of

length and quality of life, and they had other medical

needs, rather than implant-prosthetic rehabilitation.5

The dental treatment was limited, therefore, to the man-

agement of oral lesions and dental emergencies.5 With

the advent of new therapies improving the quality of life

of these patients, implant-prosthetic rehabilitation has

become more and more common for these patients.6

Longitudinal clinical trials about implant-

prosthetic rehabilitation in HIV patients are rare.6 A

recent prospective cohort study conducted at the

IRCCS San Raffaele Hospital, Milan, showed that well-

controlled HIV patients who maintained a proper oral

hygiene and followed a professional maintenance proto-

col obtained only slight worse results in implant reha-

bilitation than an healthy population (survival at patient

level: 57 out of 66 patients; survival at fixture level: 175

out of 190 – 92.1% after 1 year). All the failures were

linked to infection and occurred before 6 months from

insertion (7.9% out of 190 fixtures on nine out of 66

HIV-positive patients).7

Indeed, infection can be a serious complication in

placement of dental implants and could lead to implant

loss, in particular in patients infected with human

immunodeficiency virus.8,9 In such patients, a progres-

sive deterioration in immunity is indicated by a fall

in the T-helper (CD4) cell count, and the risk of

wound infection increases as the immune status

deteriorates.10,11

So, the systemic disease could cause an increase in

the percentage of early failures, and the systemic level of

CD4+, which is to be considered an indicator of the state

of the disease, could be an indicator of the increased risk

for implant failures.

Besides, other factors as cigarette smoking12 and the

level of oral hygiene13 can affect osseointegration and

infections.

The purpose of this study was therefore to investi-

gate the associations between variables related to the

survival of implant-prosthesis treatment (prosthetic

failures, implant failures, biological complication, mar-

ginal bone level change [MBLC]) and systemic CD4+
values, smoking habits, and oral hygiene, in a population

of HIV-positive patients followed for 1 year, undergoing

implant-prosthetic treatment, described in a previous

paper.

In this article, the Strobe guidelines (or Strengthen-

ing the Reporting of Observational Studies in Epidemi-

ology) were followed.14

MATERIALS AND METHODS

This mono-centric trial (IRCCS San Raffaele Hospital in

Milan, Italy) included controlled HIV-affected patients

that required implant rehabilitation. The Italian Minis-

try of Health approved the protocol.

Recruitment

The patients were recruited at the San Luigi Center for

Infective Diseases, IRCCS San Raffaele Hospital, Milan,

in which HIV-infected patients are kept under medical

control. All those who presented medical parameters of

a stable disease were considered (Table 1).7

All patients received and signed a written consent

form for implant procedures.

Interventions Administered

During the first dental examination of the patients, the

following procedures were done:

• General intraoral examination;

• Evaluation of the orthopantomography or any Tc

Dental scans; and

• Implant planning (number of fixtures; the location,

the type of prosthesis).

A few days before the surgery, periodontal health

checkup (by the hygienist or dentist) was performed:

This stage was the T0 for the clinical periodontal param-

eters. Stages T1 and T2 were considered at 6 months and

12 months, respectively, from implant placement. At

these stages, a dental hygienist measured the modified

bleeding index, modified plaque index, probing depth

(PPD), and presence of pus (Table 2).15

Smoking habits were recorded at T0 as number of

cigarettes smoked in a day. Education and motivation to

oral hygiene at home, and instructions about the poten-

tial negative role of smoking were given to all the

patients. Eventual debridement above/below the gingiva

and one stage full-mouth disinfection in case of peri-

odontal patients were administrated.

2 Clinical Implant Dentistry and Related Research, Volume *, Number *, 2015956 Clinical Implant Dentistry and Related Research, Volume 18, Number 5, 2016
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At the day scheduled for the surgery, implants were

positioned after antibiotic prophylaxis with amoxicillin

and clavulanic acid, 2 g orally, 1 hour before surgery. A

full-thickness flap was raised, and implant placement

was conducted in accordance with the manufacturer

protocol (WinSix®, BioSAFin. S.r.l., Ancona, Italy).

Conical implants with rough surface (Full Contact Cov-

ering® surface) and internal hexagon connection were

used (K implants, WinSix, BioSAFin. S.r.l.). Postopera-

tive therapy consisted in amoxicillin and clavulanic acid

1 g × 2 per day for 7 days after surgery, rinse with 0.2%

chlorhexidine twice a day for 15 days after surgery, and

pain medication as needed. Suture removal was carried

out after 7 to 10 days. Re-entry procedures for healing

abutment placement were performed in each case at

least after 50 days from implant placement.

After 90 days for the upper jaw and 60 days for the

lower jaw, a precise impression was made, and remov-

able prosthetic denture or fixed cemented single crowns

and bridge were then delivered. For total removable

TABLE 1 Inclusion and Exclusion Criteria

The eligibility criteria • HIV-positive patients

• Age >18 years

• Total or partial edentulous

• Adequate bone volume (divisions A, B, or C according to Misch classification of bone available23) and

appropriate bone density (classes D1, D2, or D3 Misch24);

• Blood values:

CD4+ level count >400 cells/mm3

Hemoglobin >8 mg/dl;

Absolute neutrophil count >750 cells/mm3;

Platelets >75.000 cells/mm3;

AST < 5 times the upper limit of normal value (ULN);

Bilirubin <2.5 times ULN;

Alkaline phosphatase <5 times ULN;

Creatinine <2.5 mg/ml

Exclusion criteria • Severely immunocompromised patients with a high recurrence of opportunistic infections,

tuberculosis, or malignancy spread;

• Diabetes decompensated;

• Severe malocclusion;

• Severe parafunctions (bruxism);

• Inadequate bone volume (Division D of Misch);

• Inadequate bone density (density D4 Misch);

• Disorders that contraindicate surgical procedures;

• Lack of collaboration;

• Lack of oral hygiene: plaque index superior to 1

TABLE 2 Periodontal Health Indices and Details of Methods of Measurement

Variable Timing Method

Modified Bleeding index (mBI) T1 and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the

implants using a periodontal probe (PGF-GFS, Hu-Friedy).

Modified Plaque index (mPI) T1 and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the

implants using a periodontal probe (PGF-GFS, Hu-Friedy).

Probing depth (PD) T1 and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the

implants using a periodontal probe (PGF-GFS, Hu-Friedy).

Indices were recorded as previously reported.15

Implants in HIV Patients 3Implants in HIV Patients 957
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dentures, ball attachments were screwed directly onto

the abutments, and two ball housings (matrices) were

mounted in the overdenture.

For single crowns and fixed partial dentures, defini-

tive metal ceramic restorations were cemented onto the

definitive abutments.

Follow-Up Evaluation

The appointments with the dental hygienist were sched-

uled each 2 months. For the oral hygiene at home,

patients were instructed on the proper use of aids such

as interproximal brush, mono tuft toothbrush, and

Super floss. Patients were recommended to brush their

teeth at least three times a day.

Outcome Measures

The outcomes considered were as follows:

1. Prothesis failure: when prosthesis has to be replaced

due to implant failure.

2. Implant failure: implant removal dictated by mobil-

ity, progressive marginal bone loss due to peri-

implantitis, and any mechanical complication

rendering the implant not usable (e.g., implant

fracture). The stability of each individual implants

was assessed manually, 6 and 12 months from inser-

tion by tightening the abutment screws with the

removed prostheses.

3. Biological and biomechanical complications

(number and type) were recorded as single episodes

for each implant. Particular attention was used

to assess peri-implantitis (defined as progressive

bone loss with sign of infections around an

osseointegrated implant), presence of pain, pres-

ence of pus, paresthesia of the lower jaw, and

implant fracture.

4. Peri-implant MBLC: Periapical radiographs were

taken at T0 (immediately after the insertion of the

fixture) and at T2 (1-year follow-up). They were

made perpendicular to the long axis of the implant

with long-cone parallel technique using an occlusal

custom template to measure the marginal bone

level. A dedicated dentist measured the changes in

crestal bone height over time. The difference in

bone level was measured radiographically through

specific software (digora 2.5, Soredex, Tuusula,

Finland). The software was calibrated for every

single image using the known implant length and

diameter at the most coronal portion of the neck of

the implant. The linear distance between most

coronal point of bone-to-implant contact and the

coronal margin of the implant collar was measured

to the nearest 0.01 mm, at both mesial and distal

sides and averaged. Bone level changes at single

implants were averaged at patients level and then at

group level.

Analysis of Data

Associations between CD4+ level count, smoking habits,

oral hygiene (PI, BI, and PPD), and the outcome vari-

ables constituted the main target of data analyses.

For CD4+ values, the sample was divided into two

subgroups (CD4+ 2 749.5 vs CD4+ > 749.5) on the

basis of a median split (median: 749.5). With respect to

smoking habits, patients were divided into “nonsmok-

ers /light smokers” (i.e., patients smoking less than 10

cigarettes a day) and “heavy smokers” (i.e., patients

smoking more the 10 cigarettes a day). With respect to

the assessment of oral hygiene, PI, BI, and PPD indexes

were obtained and correlated with the main outcome

measures considered at different points in time (T1,

T2).

To inspect the relation between the level of CD4+
and outcome variables, score variations between groups

of participants were compared and analyzed either with

the chi-squared or the Fisher’s exact test when consid-

ering variables based on nominal data or, alternatively,

with the Mann–Whitney U test when considering

variables based on ordinal data. A multivariate analysis

of variance (manova) was run in order to assess

simultaneous variations in failure of implants versus

failure of prosthesis versus MBLC indices as a function

of a subgrouping of patients into patients with

CD4+ < 749.5 versus CD4+ > 749.5, along with a pos-

sible statistical interaction between the three indices

and patients’ assignment to one of the two CD4+
subgroups.

To inspect the relation between smoking habits and

outcome variables, score variations observed between

groups of participants were compared and analyzed

either with the chi-squared or the Fisher’s exact test

when considering variables based on nominal data (i.e.,

peri-implantitis, pus, pain) or, alternatively, with the

Mann–Whitney U test, when considering variables

based on ordinal data (i.e., number of implant

failures).
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To detect possible associations between the level of

oral hygiene and the study outcomes, a nonparametric

Spearman’s rank correlation analysis was run, relating

the average PI score (i.e., a score obtained by averaging

patients’ PI index considered at T1 and T2) and the

number of implant failures. Always by means of a Spear-

man’s rank correlation analysis, we then correlated this

average PI score with MBLC, and also with the number

of peri-implantitis. Finally, to further illuminate pos-

sible associations with oral health, the outcomes were

correlated with the mean scores of BI and PPD (i.e., with

mean scores obtained by averaging separately both BI

and PPD indexes, considered at T1 and T2).

All analyses were performed with a dedicated soft-

ware (SPSS Inc., version 20.0). The conventional level of

statistical significance was set at α = 0.05.

RESULTS

Demographic data of the sample are reported in Table 3.

Overall, 194 implants were positioned in 68 patients

(22 females and 46 males). Forty-eight patients (70.6%)

received total removable dentures; 11 patients

(16.2%) received partial prosthesis, and nine patients

(13.2%) received single elements. Because of an exacer-

bation of their systemic disease, two patients (each of

them had two implants in the mandible with removable

prosthesis) dropped out from the study between T0 and

T1, thus leading to a final sample of N = 66 patients at

T1 (190 fixtures). The flow chart of the study is repre-

sented in Figure 1.

Failures occurred in 7.9% of the fixtures (15 fixtures

out of 190). Five fixtures out of 190 (2.6%) failed due to

early infection and 10 out of 190 (5.2%) due to peri-

implantitis. Prosthetic failure was registered in two

patients (2.9% of patients) due to the loss of all the

fixtures. Pus and pain were observed in 4/7 and 3/7

patients with peri-implantitis, respectively. No fractures

of fixtures or paresthesia were registered. At T2, the

mean peri-implant MBLC was −1.19 1 0.87 mm.

CD4+ Level

No significant difference was observed comparing

patients with CD4+ 2 749.5 and patients with

CD4+ > 749.5 with respect to any of the outcome vari-

ables (Table 4). A manova confirmed this result by

assessing the significance of simultaneous variations in

the measurement of “failure of implants” versus “failure

of prosthesis” versus “MBLC” indices as a function of

patients grouping with respect to CD4+ levels (patients

with CD4+ 2 749.5 vs patients CD4+ > 749.5). The

multivariate analyses revealed a trivial main effect for

measures, such that the mean values observed for

MBLC were higher than the mean values of both failure

of implants and failure of prosthesis measures – this

effect being simply due to the different scale metrics

used in assessing the three indices. Most importantly,

however, the analysis confirmed the absence of a sig-

nificant difference between groups of patients, and also

revealed no interaction between group of patients and

the three dependent variables entered in the multivari-

ate analyses.

Smoking Habits

The number of implant failures resulted significantly

different between no/light smokers and heavy smokers

(Mann–Whitney U = 508, z = 2.78, p < .005 (Table 5). In

addition, it was also observed that patients smoking >10

cigarettes/day, if compared with their counterparts of

patients smoking <10 cigarettes/day, showed a statisti-

cally significant greater number of peri-implantitis

TABLE 3 Demographic Data of Subjects

Whole Sample No Smokers Smokers (210 Cigarettes/Day) Smokers (>10 Cigarettes/Day)

N: 68 (100%) n: 26 (38.2%) n: 29 (42.6%) n: 13 (19.1%)

Age 55.3 1 17.2 years 50.2 1 10.2 years 56.2 1 9.8 years 58.4 1 12.5 years

(range 40–73) (range 40–62) (range 48–73) (range 42–71)

Gender 46 males (67.6%) 16 Males (23.5%) 22 males (32.3%) 8 males (11.7%)

22 females (32.4%) 10 females (14.7%) 7 females (10.3%) 5 females (7.4%)

CD4+ count

(cell/mm3)

CD4+ count: CD4+ count: CD4+ count: CD4+ count:

726.3 1 201.4 cell/mm3 655.88 1 208.5 779.83 1 203.6 747.69 1 145.04

(range 400–1100 cell/mm3) cell/mm3 cell/mm3 cell/mm3

Implants in HIV Patients 5Implants in HIV Patients 959



302

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2016

Figure 1 Flow chart of the study.

TABLE 4 Results Represented at Patient Level

CD4+ 2 749.5 CD4+ > 749.5

Significance(n = 33) (n = 33)

Failure of implants 6 out of 33 2 out of 33 NS

(18.1%) (6%)

Failure of Prosthesis 2 out of 33 0 out of 33 NS

(6%) (0%)

MBLC 1.09 1 0.32 (mm) 1.12 1 0.36 (mm) NS

Peri-implantitis 5 out of 33 2 out of 33 NS

(15.1%) (6%)

Pus 2 out of 33 0 out of 33 NS

(6%) (0%)

Pain 2 out of 33 0 out of 33 NS

(6%) (0%)

Patients were grouped on the basis of CD4+ level.
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(Mann–Whitney U = 518, z = 3.38, p < .001), a com-

paratively higher incidence of pus (chi-squared = 7.22,

p < .007 with Yates continuity correction, this result

being independently confirmed also by a Fisher’s exact

test, p = .007), and a comparatively higher incidence of

self-reported pain (Chi-squared = 6.85, p < .009 with

Yates continuity correction, this result being indepen-

dently confirmed also by a Fisher Exact test, p = .009).

No/light smokers and heavy smokers showed no

significant differences in mean MBLC recorded on

survived implants after 1 year from insertion (Mann–

Whitney U = 439.5, z = 0.621, p = .53). MBLC was

calculated excluding all those implants affected by peri-

implantitis (10 sites) or early infection (five sites) that

failed before 6 months of follow-up. More specifically,

MBLC of survived implants at 1 year follow-up was

1.09 1 0.35 mm in the first group of patients, and

1.17 1 0.31 mm in the second (comparison) group.

PI, BI, PPD

No statistically significant associations were observed

between averaged PI scores (i.e., scores forming an index

whose values were obtained by averaging patients’ PI

scores across T1 and T2) and implant failures (Spear-

man’s rho = −0.14, p = .25; n = 66); between PI and

MBLC (Spearman’s rho = −0.06, p = .67; n = 66); and

between averaged PI scores and peri-implantitis (Spear-

man’s rho = −0.14, p = .25; n = 66), respectively

(Table 6). A similar pattern of results was observed also

for the averaged BI scores (i.e., scores forming an index

whose values were obtained by averaging patients’ BI

scores across T1 and T2), though no statistically signifi-

cant associations were observed between averaged BI

scores and implant failures (Spearman’s rho = 0.09,

p = .45; n = 66); between averaged PI scores and MBLC

(Spearman’s rho = −0.04, p = .75; n = 66); nor between

averaged PI scores and peri-implantitis (Spearman’s

rho = 0.08, p = .52; n = 66). Also, average PPD scores

(i.e., patients’ PPD values averaged across T1 and T2)

showed any statistically significant association with

implant failure (n = 66, Spearman’s rho = 0.07, p = .57),

nor with MBLC (n = 66, Spearman’s rho = −0.01,

p = .95). No further statistically significant association

emerged between PPD and peri-implantitis (n = 66,

Spearman’s rho = 0.03, p = .84).

DISCUSSION

Limited published scientific evidence is available to

guide clinicians regarding possible increased risks asso-

ciated with dental implant placement in HIV-positive

TABLE 5 Results Represented at Patient Level

No smoking patients
and patients smoking

<10 cigarettes/day

Patients
smoking >10

cigarettes/day Significance

54 (81.9%) 12 (18.1%)

Failure of implants 4 out of 54

(7.4%)

5 out of 12

(41.6%)

Mann–Whitney U = 508,

z = 2.78;

p 2 .005

Failure of Prosthesis 1 1 NS

MBLC 1.09 1 0.35 1.17 mm 1 0.31 NS

Peri-implantitis 2 out of 54

(3.7%)

5 out of 12

(41.6%)

Mann–Whitney

U = 518, z = 3.38

p 2 .001

Pus 1 out of 54

(1.8%)

4 out of 12

(33.3%)

Chi-squared = 7.22

p 2 .007, with Yates continuity correction;

Fisher Exact test

p = .007

Pain 0 out of 54

(0%)

3 out of 12

(25%)

Chi-squared = 6.85

p 2 .009, with Yates continuity correction; Fisher Exact test

p = .009

Patients were grouped on the basis of smoking habits.

Implants in HIV Patients 7Implants in HIV Patients 961



304

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2016

patients. In this study, a group of HIV-positive patients

was subjected to implant-prosthetic therapy and fol-

lowed for a period of 1 year. Implant failures, prosthetic

failures, complications, or MBLC were not significantly

associated to the level of CD4+ in the blood. Different

authors found similar results.4,8,16,17 Oliveira and col-

leagues4 followed 59 implants for 12 months after

loading. Higher baseline levels of pyridinoline and

deoxypyridinoline found in HIV-positive participants

did not interfere with osseointegration after 12 months

of follow-up. They concluded that the placement of

dental implants in HIV-positive patients is a reasonable

treatment, regardless of CD4+ cell count, viral load

levels, and type of antiretroviral therapy.

Stevenson and colleagues,8 in a prospective study

including 20 HIV-positive subjects (test group) and nine

HIV-negative subjects (control group) reported that the

short-term (6 months) success rate was 100% for both

groups, and no difference in clinical outcome was found

between the groups.

Achong and colleagues16 in a report of three cases

indicated that implant surgery may not carry an

increased risk for the HIV-positive patient, and the low

CD4+ cell count levels at the time of implant placement

appear to have no effect on the success of implants. The

various levels of CD4+ cell counts throughout treatment

for these three patients did not correlate with the

outcome of the implants.

Thus, according to our results, the placement of

dental implants in HIV-positive patients seems a reason-

able therapy, regardless of CD4+ cell count, if patients

have a stable disease.

The study of the association between smoking

habits and implant failure did not reach statistical sig-

nificance when participants were grouped into three cat-

egories of patients (no smoking patients vs patients who

smoked 210 cigarettes/day vs patients who smoked >10

cigarettes/day), because of an insufficient number of

patients assigned to each category. When nonsmoking

patients and patients who smoked 210 cigarettes/day

were categorized together, however, we observed signifi-

cantly more implant failures, peri-implantitis, episodes

of pus, and pain in heavy smokers (>10 cigarettes/day)

than nonsmokers–light smokers (<10 cigarettes/day).

Considering the timing of failures, these results correlate

well with the reports in the literature linking smoking to

early implants failures18 and to peri-implantitis.19 HIV-

positive smokers are more susceptible to oral infections

(candidiasis and hairy leukoplakia) than HIV-positive

nonsmokers.20 This susceptibility plays an important

role for implant failure. Implant failures are more fre-

quent among smokers (5.6%) compared with nonsmok-

ers (3.5%),21 probably due to lowering blood flow rate,

due to increased peripheral resistance and platelet

aggregation, or to modifications in the level of

immunoglobulines in the saliva.22

In our sample, MBLC of survived implants at 1-year

follow-up was found to be 1.09 1 0.35 mm in the group

of nonsmokers or light smokers (<10 cigarettes/day),

and 1.17 1 0.31 mm in smokers.

In literature, the average peri-implant bone loss

after 12 months is lower, about 0.47 to 0.49 mm in HIV-

positive patients.4 Perhaps the difference could be

related the fact that bone loss was measured from

implant insertion and not from implant loading.

MBLC was recorded as a difference between base-

line and 1-year data and, because of the early failure

(before 6 months from loading) of implants affected by

TABLE 6 Correlations with Mean PI, Mean BI, and Mean PPD (mean value between registration at T1 and T2)

Variable 1 Variable 2 Significance

Failure of implants Mean PI (1.33 1 0.22) n = 66, Spearman’s rho = −0.14, p = .25

MBLC Mean PI (1.33 1 0.22) n = 66, Spearman’s rho = −0.06 p = .67

Peri-implantitis Mean PI (1.33 1 0.22) n = 66, Spearman’s rho = =−0.14, p = .25

Failure of implants Mean BI (0.64 1 0.26) n = 66, Spearman’s rho = 0.09, p = .45

MBLC Mean BI (0.64 1 0.26) n = 66, Spearman’s rho = −0.04, p = .75

Peri-implantitis Mean BI (0.64 1 0.26) n = 66, Spearman’s rho = 0.08, p = .52

Failure of implants Mean PPD (1.92 1 0.26) n = 66, Spearman’s rho = 0.07, p = .57

MBLC Mean PPD (1.92 1 0.26) n = 66, Spearman’s rho = −0.01, p = .95

Peri-implantitis Mean PPD (1.92 1 0.26) n = 66, Spearman’s rho = 0.03, p = .84
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peri-implantitis, the MBLC value in the groups of

implants with peri-implantitis is unknown. So, the cor-

relation between MLBC and dependent variables cannot

be excluded.

Moreover, the number of implant failures, pros-

thetic failures, peri-implantitis, episodes of pus, and

pain did not correlate with bleeding or oral hygiene or

PPD (mean values of BI, PI, or PPD between T1 and

T2). However, patients were initially included only if

they had a good oral hygiene and followed a strict main-

tenance recall system.

CONCLUSIONS

Within the limitation of the present study, placement of

dental implants in HIV-positive patients with stable

disease seems a reasonable treatment option, regardless

of CD4+ cell count. Oral hygiene variables did not influ-

ence the result of the treatment in a well-maintained

population. HIV-positive heavy smokers (>10 cigarettes/

day) demonstrated an increased risk for implant failure,

for peri implantitis, episodes of pus, and self-reported

pain.
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Implant Prosthetic Rehabilitation in Controlled
HIV-Positive Patients: A Prospective Longitudinal
Study with 1-Year Follow-Up
Enrico F. Gherlone, MD, DMD;* Paolo Capparé, MD, MFS;† Simona Tecco, DDS, PhD;†

Elisabetta Polizzi, BS;‡ Giuseppe Pantaleo, PhD;§ Giorgio Gastaldi, MD, DMD;¶

Maria Gabriella Grusovin, DDS**

ABSTRACT

Purpose: The clinical trial aimed to evaluate the survival of implant-prosthetic rehabilitation in controlled HIV-positive
patients.

Materials and Methods: This mono-centric study included HIV patients with a stable disease, requiring implant rehabili-
tation, with good oral hygiene. Each patient received at least one dental implant. After 90 days in the upper jaw and 60 days
in the lower jaw, the appropriate prosthesis was delivered.Primary outcome measures were prosthetic failures, implant
failures, peri-implant marginal bone level changes (MBLCs), and biological complications (peri-implantitis, pus, pain,
paresthesia). Data were recorded before the intervention (T0), and 6 (T1) and 12 months (T2) after.

Results: Implants were positioned in 68 patients (22 females and 46 males; 194 implants). Two dropouts occurred for
exacerbation of the disease before the sixth month of follow-up, and 66 patients (with 190 implants) completed the study.
Forty-eight patients (70.6%) received total removable dentures; 11 patients (16.2%) received partial prosthesis, and nine
patients (13.2%) received single elements.Implant failure occurred in nine patients (15 fixtures out of 190). These were
early implant failures due to primary infection (five fixtures out of 190: 2.6%) and to peri-implantitis (10 fixtures out of
190: 5.2%). Prosthetic failure was registered in two patients (3% of patients) due to the loss of all the fixtures. Pus and pain
were observed in 4/7 and 3/7 patients with peri-implantitis, respectively. No fractures of fixtures or paresthesia were
registered. At T2, the mean peri-implant MBLC was −1.19 1 0.87 mm.

Conclusions: Within its limitations, the study showed that in a well-controlled population of HIV patients implant
rehabilitation can be a suitable options with results slightly worse to those obtained in normal population.A higher incidence
of peri implant infections in the first six months was present pointing to the need of a proper protocol for infection control.

KEY WORDS: AIDS, HIV, implant, implant survival, implantology, osseointegration, peri-implantitis

INTRODUCTION

AIDS is one of the most serious diseases affecting

humanity. By the end of 2007, about 33 million people

worldwide were living with HIV, and millions had died

of AIDS.1

Today, life expectancy for HIV-infected individuals

has increased due to the use of potent antiretroviral

therapy.2 With the sustained reduction in AIDS-related

morbidity and mortality, the prospect of living with

HIV as a chronic, rather than a terminal, disease has
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increased, and HIV-infected edentulous patients are

becoming informed consumers of oral healthcare and

are requesting a variety of procedures, including dental

implants.3

Oral health is generally very poor for HIV-positive

individuals, as about 40% to 50% of HIV-positive

persons have oral fungal, bacterial or viral infections

often occurring early in the course of the disease.3 The

most important etiopathogenetic factors are immuno-

deficiency states, alterations in the salivary flow (xero-

stomia), nutritional deficiencies, secondary occlusal

trauma and the increase in plaque due to poor oral

hygiene.4

Oral lesions strongly associated with HIV infection

are pseudo-membranous oral candidiasis, oral hairy

leukoplakia, HIV gingivitis and periodontitis, kaposi

sarcoma, non-Hodgkin lymphoma, and dry mouth due

to a decreased salivary flow.5 Moreover, in these

patients, the carious disease is often destructive, affect-

ing large areas of enamel, especially at the cervical–

vestibular, and involves painful symptoms only in very

advanced stages, when it is more difficult to apply con-

servative intervention.5 In addition, there is a high inci-

dence of periodontal ulcerative-necrotic disease.4 Many

of these problems can progress to the point that result

in partial or complete loss of the natural dentition.6

Treatment of oral pathologies is mandatory in HIV

patients to minimize and possibly eliminate all infec-

tions because they can be the starting point for more

serious systemic infections able to undermine the

general health.6 Besides, the pathological problems of

the oral cavity contribute to prevent the social rehabili-

tation of HIV patients, since these individuals can

present functional and aesthetic situations (partially

edentulous and/or total root residues, destructive

caries) not compatible with a good interpersonal rela-

tionship, and their treatments contribute enormously to

the self-esteem.3,4 Implants can be in most cases the

optimal therapeutic solution, but there is a lack of

data7–9 in literature about oral implanto-prosthetic

rehabilitations of HIV patients, except for mandibular

overdenture.10 Data are needed to help in properly treat-

ing these types patients and so in promoting their oral

health and eventual social reintegration into society and

the world of work.

This prospective longitudinal clinical trial aimed to

evaluate survival of implant-prosthetic rehabilitation

in controlled HIV-positive patients, with good oral

hygiene. One-year follow-up after implant insertion was

considered. Survival criteria for implant were presence

of implant stability, absence of radiolucent zone around

the implants, no mucosal suppuration, and no pain

(Buser, and Albrektsson and Isidor).11,12

In this article, the Strobe guidelines (Strengthening

the Reporting of Observational Studies in Epidemiol-

ogy) were followed.13

MATERIALS AND METHODS

This longitudinal prospective mono-centric trial

(IRCCS San Raffaele Hospital in Milan, Italy)14 included

controlled HIV-affected patients that required implant

rehabilitation.

The eligibility criteria were as follows:

• HIV-positive patients

• Age >18 years

• Total or partial edentulous

• Adequate bone volume (divisions A, B, or C accord-

ing to Misch classification of bone available15) and

appropriate bone density (classes D1, D2, or D3

Misch16);

• Blood values:

• CD4+ level count >400 cells/mm3

• Hemoglobin >8 mg/dl

• Absolute neutrophil count >750 cells/mm3

• Platelets >75.000 cells/mm3

• AST < 5 times the upper limit of normal value

(ULN)

• Bilirubin <2.5 times ULN

• Alkaline phosphatase <5 times ULN

• Creatinine <2.5 mg/ml

Exclusion criteria were as follows:

• Severely immunocompromised patients with a high

recurrence of opportunistic infections, tuberculosis,

or malignancy spread

• Diabetes decompensated

• Severe malocclusion

• Severe parafunctions (bruxism)

• Inadequate bone volume (Division D of Misch)

• Inadequate bone density (density D4 Misch)

• Disorders that contraindicate surgical procedures

• Lack of collaboration

• Lack of oral hygiene: plaque index superior to 1

The patients were recruited at the San Luigi Center

for Infective Diseases, IRCCS San Raffaele Hospital,
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Milan, in which HIV-infected patients are kept under

medical control.

All those who submit the medical parameters and

blood values of a stable disease were then addressed at

the Department of Dentistry, IRCCS San Raffaele Hos-

pital, Milan, Italy.

The patients with partial or total edentulism, which

could benefit from an implant-prosthetic rehabilitation,

were then selected according to the described inclusion/

exclusion criteria.

All patients received and signed a written consent

form for implant procedures, and the Italian Ministry of

Health approved the protocol.

Interventions Administered to the Group

During the first dental examination of the patients, the

following procedures were done:

• General intraoral examination

• Evaluation of the orthopantomography or any Tc

Dental scans

• Implant planning (number of fixtures; the location,

the type of prosthesis)

A few days before the surgery, periodontal health

checkup (by the hygienist or dentist) was performed17:

modified bleeding index (mBI); modified plaque index

(mPI); and probing depth (PD) (Table 1). This stage was

the T0 for the clinical periodontal parameters.

At the day scheduled for the surgery, implants were

positioned after antibiotic prophylaxis with amoxicillin

and clavulanic acid, 2 g orally, 1 hour before surgery. A

full-thickness flap was raised, and implant placement

was conducted in accordance with the manufacturer

protocol (WinSix®, BioSAFin. S.r.l., Ancona, Italy).

Conical implants with rough surface (full contact cov-

ering® surface, Biosafin, Ancona, Italy) and internal

hexagon connection were used (K implants, WinSix).

Postoperative therapy consisted of amoxicillin and

clavulanic acid 1 g × 2 per day for 7 days after surgery,

rinse with 0.2% chlorhexidine twice a day for 15 days

after surgery, and pain medication as needed. Suture

removal was carried out after 7 to 10 days. Re-entry

procedures for healing abutment placement were per-

formed in each case at least after 50 days from implant

placement.

After 90 days for the upper jaw and 60 days for the

lower jaw, a precise impression was made.

For total removable dentures, ball attachments were

screwed directly onto the abutments, and two ball hous-

ings (matrices) were mounted in the overdenture.

For single crowns and fixed partial dentures, defini-

tive metal-ceramic restorations were cemented onto the

definitive abutments.

Outcome Measures

The outcomes considered were as follows:

1. Prosthesis failure: when prosthesis has to be

replaced due to implant failure.

2. Implants failure: implant removal dictated by

mobility, progressive marginal bone loss due to

peri-implantitis, any mechanical complication ren-

dering the implant not usable (e.g., implant frac-

ture). The stability of each individual implants was

assessed manually 6 and 12 months from insertion

by tightening the abutment screws with the

removed prostheses.

3. Biological and prosthetic complications (number

and type) were recorded as single episodes for each

implant. Particular attention was used to assess

peri-implantitis (defined as progressive bone loss

with sign of infections around an osseointegrated

implant), presence of pain, presence of pus, pares-

thesia in the lower jaw, implant fracture.

TABLE 1 Periodontal Health Indices and Details of Methods of Measurement

Variable Timing Method

Modified bleeding

index (mBI)

T0, T1, and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the implants

using a periodontal probe (PGF-GFS, Hu-Friedy, Chicago, IL, USA).

Modified plaque

index (mPI)

T0, T1, and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the implants

using a periodontal probe (PGF-GFS, Hu-Friedy, Chicago, IL, USA).

Probing depth

(PD)

T0, T1, and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the implants

using a periodontal probe (PGF-GFS, Hu-Friedy, Chicago, IL, USA).

Implants in HIV Patients 3Implants in HIV Patients 727
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4. Peri-implant marginal bone level changes

(MBLCs): Periapical radiographs were taken at T0

(immediately after the insertion of the fixture) and

at T2 (1-year follow-up). They were made perpen-

dicular to the long axis of the implant with long-

cone parallel technique, using an occlusal custom

template to measure the marginal bone level. A

dedicated dentist measured the changes in crestal

bone height over time. The difference in bone level

was measured radiographically through specific

software (DIGORA 2.5, Soredex, Tuusula, Finland).

The software was calibrated for every single image

using the known implant diameter at the most

coronal portion of the neck of the implant. The

linear distance between most coronal point of

bone-to-implant contact and the coronal margin of

the implant collar was measured to the nearest

0.01 mm, at both mesial and distal sides, and aver-

aged. Bone level changes at single implants were

averaged at patients level and then at group level.

Follow-Up Evaluation

The appointments with the dental hygienist were sched-

uled each 2 months. For the oral hygiene at home,

patients were instructed on the proper use of aids such

as interproximal brush, mono tuft toothbrush, and

Super floss. Patients were recommended to brush their

teeth at least three times a day.

Complete examination of the patient was done at 6

and 12 months after implant insertion.

Analysis of Data

Data were analyzed at patient level. Demographic data

on age, gender, and CD4+ level counts at T0 were

reported and summarized in form of means, standard

deviations, frequencies, and range.

The height, the diameter, and the position of the

inserted fixtures were specified for the whole sample,

and the frequency of the types of prosthetic rehabilita-

tion (upper total; lower total; partial or single elements)

was calculated for the whole sample.

For the outcome measures, the number of implant

failures, prosthetic failures, peri-implantitis, episodes of

pus, pain, paresthesia, and fracture of fixtures was

reported as absolute values and/or percentages in the

whole sample (190 implants in 66 patients). Compari-

sons of MBLC levels among patients with different pros-

thetic rehabilitations were performed by means of a

one-way anova, and a nonparametric Kruskal–Wallis

test for independent samples.

Cumulative survival rate of implants was also

reported.

RESULTS

From November 2008 to May 2010, 256 HIV-positive

patients (age >18 years) were screened at the San Luigi

Center for Infectious Diseases, IRCCS San Raffaele

Hospital, Milan, in which HIV-infected patients are

monitored and given medical assistance. Seventy-three

patients were excluded from further assessment because

they were severely immunocompromised (CD4+ level

<400 cell/mm3), with a high recurrence of opportunistic

infections, tuberculosis, or malignancy spread, and had

altered values of hemoglobin, absolute neutrophil

count, platelets, AST, bilirubin, alkaline phosphatase,

and creatinine.

The remaining patients (N = 183) met the medical

parameters of a stable disease and were thus addressed

to the Department of Dentistry, IRCCS San Raffaele

Hospital, Milan, Italy.

At the Department of Dentistry, patients with

partial or total edentulism (i.e., who could possibly

benefit from implant-prosthetic rehabilitation) were

firstly individuated (n = 158).

Of these 158 patients, 90 were excluded for the fol-

lowing reasons:

• Disorders that contraindicated surgical procedures

(n = 25), among which diabetes decompensated

(n = 13), severe malocclusion (n = 1), severe

parafunctions (bruxism) (n = 4), inadequate bone

volume (division D of Misch) (n = 5)

• Inadequate bone density (density D4 Misch) (n = 1)

• Patients refusing to collaborate (n = 23)

• lack of oral hygiene (n = 31)

Thus, 68 patients (22 females and 46 males) were

included in the study and treated between November

2008 and July 2011. Among them, 26 (38.2%) were no

smokers; 29 (42.6%) were lightly smokers (<10

cigarettes/day), and 13 (19.1%) were heavy smokers.

Because of an exacerbation of their systemic disease, two

patients (each of them had two implants in the mandible

with removable prosthesis) dropped out from the study

between T0 and T1, thus resulting in a final sample

of N = 66 patients at T1 (190 fixtures) (Figure 1).
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Demographic data of patient population are reported in

Table 2.

Fifty-seven patients (83.8%) received two to four

fixtures, nine patients (13.2%) received a single

fixture, and two patients (3%) received five and six

fixtures; consequently, 48 patients (70.6%) were rehabi-

litated with total removable dentures (among them,

30 subjects received the upper dental arch, and 18

patients received the lower dental arch); 11 patients

(16.2%) received partial prosthesis, and nine patients

(13.2%) received single element rehabilitations (Figure 2

and Table 3).

The trend of periodontal health indices over time

for the whole sample is showed in Figure 3. The appoint-

ments with the dental hygienist were scheduled each 2

Figure 1 Flow chart of the sample included in the study.

TABLE 2 Demographic Data of Patient Population

Whole Sample

N: 68 (100%)

Age 55.3 1 17.2 Years (range 40–73)

Gender 46 Males (67.6%)

22 Females (32.4%)

CD4+ count

(cell/mm3)

CD4+ count: 726.3 1 201.4 cell/mm3

(range 400–1,100 cell/mm3)

Smokers 42 (30 males; 12 females)

TABLE 3 Implant Diameter and Length

Diameter
(mm)

Length of the Fixtures (mm)

Total (%)9 (%) 11 (%) 13 (%)

3.3 53 (27.9) 9 (4.7) 5 (2.6) 67 (35.2)

3.8 16 (8.4) 15 (7.9) 18 (9.5) 49 (25.8)

4.5 29 (15.3) 26 (13.7) 19 (10) 74 (38.9)

Total 98 (51.6) 50 (26.3) 42 (22.1) 190
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months during the follow-up. Sometimes, patients failed

to visit the hygienist but they were always recalled for an

another appointment.

Prosthetic Failure

Prosthetic failure was registered in two patients (2.9%)

who had suffered the loss of all the implants positioned

in their mouth; prosthetic failure occurred before T1.

One patient was a female smoker,(CD4+ level 675

cell/mm3; PI = 1) who lost four out of four implants

before T1 (two implants due to peri-implantitis and two

implants due to primary infection) and had received an

upper prosthesis.

The other patient was a male smoker (CD4+ level

689 cell/mm3; PI = 0) who lost two out of two implants

before T1 (one implant due to peri-implantitis and one

implant due to primary infection) and had received an

upper prosthesis.

Implant Failure

Nine patients (out of 66) experienced implant failure,

and a total of 15 fixtures out of 190 (7.9%) were lost

(Table 4). The cumulative survival rate was 92.1%. Ten

implant out of 190 (5.2%) were lost for peri-implantitis

in seven patients; five implants out of 190 (2.7%) were

lost for primary infection in two patients. No fixture

fracture occurred.

Five patients (7.5%) suffered the failure of one

implant: three of them due to peri-implantitis before T1

and the other two due to primary infection soon after

the insertion of the fixture.

Figure 2 Distribution of the implants in the various sites of the mouth.

Figure 3 Trend of the periodontal health indices over time for
the whole sample of patients analyzed (n = 66).

TABLE 4 Cumulative Survival Rate (CSR) of Implants

Fixtures Lost Fixtures CSR (%)

Surgery–10 days 190 1 (Primary failure) 99.47

10 Days–1 month 189 3 (Primary failure) 97.89

1–3 Months 186 1 (Primary failure) 97.37

3–6 Months 185 10 (Peri-implantitis) 92.11

6–1 Year 175 0 92.11
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Three subjects (4.5%) suffered the failure of two

implants. Specifically, a male smoker (CD4+ count: 774

cell/mm3) lost two out of four implants due to peri-

implantitis before T1; another male smoker (CD4+
count: 689 cell/mm3) lost two out of two implants, one

due to peri-implantitis before T1 and the other due to

primary infection; and the third subject was a female

smoker (CD4+ count: 845 cell/mm3) who lost two out of

two implants due to peri-implantitis before T1.

One patient lost four out of four implants: Two

implants were lost for peri-implantitis before T1, and

two implants were lost due to primary infection; this

woman is a smoker (CD4+ count: 675 cell/mm3) and

lost the totality of the implants placed in her mouth

before T1.

Once established as hopeless, the operator removed

all failed implants due to their serious mobility; there-

fore, implants were removed without additional bone

tissue.

Biological and Prosthetic Complications

Peri-implantitis was diagnosed in seven patients

(10.6%), and 10 fixtures out of 190 total fixtures were

interested (5.2%).

Further, in all of these patients, peri-implantitis

always resulted in the loss of the interested fixture before

T1. In all 10 cases, the peri-implantitis has been diag-

nosed after a period of 1 to 3 months from the prosthetic

loading. Treatment procedure was not possible in any

case since, in all cases, the need to remove the fixture in

order to allow adjustment of the prosthesis and prevent

prosthetic failure was immediately evident.

Three patients (4.5% of the whole sample) suffered

from peri-implantitis, which affected the totality

(100%) of their fixtures and also caused the complete

loss of fixtures (100%). The remaining four patients (6%

of the whole sample) suffered from peri-implantitis,

which, instead, affected half (50%) of the positioned

fixtures and also caused the loss of the 50% of the

inserted fixtures.

Pus was observed in 4/7 patients with peri-

implantitis. Pain was registered in 3/7 patients with peri-

implantitis. In three patients, pus and pain were

observed together. These three patients were affected by

serious peri-implantitis; two of them loss the totality of

their fixtures and also experienced prosthesis failure.

No paresthesia and no prosthetic complications

were registered in the whole sample.

Peri-Implant MBLCs

At T2, in 66 patients with 190 fixtures, the mean peri-

implant MBLC was −1.19 mm 1 0.87 mm (−1.18 mm 1

0.85 mm in the mesial site and −1.21 mm 1 0.89 mm in

the distal site).

MBLC did not differ among patients with different

prosthetic rehabilitations (one-way anova: F = 0.53,

p = .662). Estimated means for MBLC were −1.16 mm 1

0.32 in patients with total removable denture on ball

attachment (superior); −1.03 mm 1 0.30 in patients

with total removable denture on ball attachment (infe-

rior); −1.11 mm 1 0.4 in patients wearing partial fixed

prosthetic bridges (cemented); and −1.07 mm 1 0.44 in

patients with single crowns (cemented). A nonparamet-

ric Kruskal–Wallis test for independent samples con-

firmed the absence of statistical differences in MBLC

levels among the four groups of patients (test statis-

tic = 1.35, p = .716).

DISCUSSION

This clinical trial aimed to evaluate the survival of

implant-prosthetic rehabilitation in controlled HIV-

positive patients with a stable disease, requiring implant

rehabilitation, with good oral hygiene. A cumulative sur-

vival rate of 92.11% was reported. Other authors7,18–20

reported higher survival rates of implants placed in

HIV-positive patients, similar to the healthy population.

In a pilot study by Oliveira and colleagues,18 60

dental implants were placed in the posterior mandibles

of 40 volunteers, divided into three groups: the first

group was composed of HIV-positive patients receiving

protease inhibitor (PI)-based HAART; the second

was composed of HIV-positive patients receiving

non-nucleoside reverse transcriptase inhibitor-based

HAART (without PI); the third control group was com-

posed of HIV-negative participants. The authors

assessed peri-implant health 6 and 12 months after

implant loading. After a follow-up period of 12 months,

one patient died for exacerbation of AIDS, and the

remaining implants healed uneventfully, with a good

osseointegration. They concluded that the placement of

dental implants in HIV-positive patients is a reasonable

treatment option, with no statistically significant differ-

ences with healthy population, without evidence of pos-

sible increased risks associated with dental implant

placement in HIV-positive patients.

Kolhatkar and colleagues19 reported two cases of

immediate postextraction implants in HIV-positive
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patients with 100% success and, reviewing the literature

about implantology in HIV-positive patients, described

a total success rate up to 98.6%.

Moreover, Stevenson and colleagues10 reported a

100% success rate in overdenture supported by two

implants in HIV-positive patients compared with

healthy subjects.

However, in the current literature, there are no

studies with implant placements in more than 20 HIV

patients, and often, single case reports were published

and smokers were often excluded.7–9 In our study, 66

patients were followed with 190 implants; 42 of them

were smokers. Fifteen implants out of 190 (7.9%) in

nine patients were early lost (before 6 months from the

insertion), and prosthetic failure was registered before

T1 in two patients (2.9% of the patients) who had suf-

fered early implant failures.

In healthy subjects with healthy tissues and appro-

priate biomechanical load, long-term success rates of

93% to 98% for the fixtures have been described,20–22

and early failure is generally reported in a percentage of

3% due to lack of osseointegration.23 In the present

study, early implant failure was caused by primary infec-

tion (before loading) which occurred in five implants

out of 190 (2.7%) in two patients. Peri-implantitis was

detected in 10 implants out of 190 (5.2%) (seven

patients) and led to implant loss. Two patients experi-

enced both primary infections and peri implantitis.

This higher incidence of infections could probably be

linked to immunologic condition, considering that oral

hygiene was maintained at a good acceptable level, in

which oral indices (mPI and mBI) did not show statis-

tically significant changes over time (Figure 3). Possible

clinical suggestion is to do a meticulous follow-up and

increase the antimicrobial control in HIV patients.

Clinically suggestive is the presence of deep pockets

around implants (mean value 6.5 mm 1 0.49), and PD

increased over time in the whole sample, from a mean

value of 6.5 1 0.49 mm to 7.5 1 0.51 mm, although a

good oral hygiene has been maintained. This trend,

although not statistically significant, could suggest a

possible correlation with the HIV-positive status of

these patients, but this data must be better investigated

by subsequent studies, recalling these patients 3 to 4

years after implant placement and re-evaluating their

PD.24,25

Mean bone loss was 1.19 mm 1 0.87 mm, slightly

higher than values found by Oliveira and colleagues

about in HIV-positive patients (0.47–0.49 mm).18

Perhaps the difference could be related to the presence

of smokers, as Oliveira and colleagues18 did not

include smokers, or to the fact that bone loss was mea-

sured from implant insertion and not from implant

loading.

However, other studies measured bone loss from

implant placement in healthy patients, including

smokers of less than 10 cigarettes/day, and reported

similar values.17,26,27

At 1-year follow-up, all remaining fixtures achieved

good osseointegration, documented by orthopantomo-

graph and, clinically, by stability, absence of pain on

percussion, and presence of infection. A good healing of

the soft tissues and absence of prosthetic complications

were observed in all the patients.

However, the present study presents some limits.

Significant interpatient heterogeneity was recorded for

the values of periodontal health, which could affect the

results and the role of patient-related aspects (smoking

habits, oral hygiene, CD4+ level), which could poten-

tially influence periodontal health, and implant survival

will be analyzed in a following paper.

A specific type of micro-rough implant surface,

obtained with a galvanostatic anodizing process in a

phosphate–sulfate bath, was used. The surface rough-

ness could have an influence on the onset of peri-

implantitis. The eventual influence of surface roughness

will be investigated in a future trial.

The patients were followed in a specialized center,

with expert clinicians working in collaboration with an

infection center, so the generalization of the results

should be considered. Expert clinicians and specialized

hospitals seem much more adequate – with respect to

private medical practice – to properly select HIV

patients eligible for implantology and for the strict

follow-up needed by these patients. In particular, infec-

tious disease specialists could have an important role in

determining the parameters to monitor the status of

the systemic immune system of HIV-positive patients

and to collaborate actively in the selection of patients

at lower risk for implant-prosthetic rehabilitation

treatment.

The results suggest that HIV patients should be

included in a strict follow-up protocol monitoring oral

hygiene and peri-implant health, mostly during the early

phase of implant healing (0–6 months), to manage

undesired complications and early implant failure.
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CONCLUSIONS

Within its limits, the study showed that in a well-

controlled population of HIV patients who maintained

proper oral hygiene and accepted to follow a proper

professional maintenance protocol, implant rehabilita-

tion can be a suitable options with results slightly worse

to those obtained in normal population. A higher inci-

dence of peri implant infections in the first six months

was present pointing to the need of a proper protocol of

infection control.
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Abstract
Purpose: The purpose of this retrospective investigation was to evaluate the use
of a prefabricated bar system for immediately loaded implants placed and restored
according to the All-on-Four concept with up to 24-month follow-up.
Materials and Methods: A total of 51 patients (31 males and 20 females; mean age
63.4 years) presented with edentulous or partially edentulous jaws with severe atro-
phy of the posterior regions. All patients were treated with full-arch fixed prostheses
(28 maxillary, 34 mandibular) each supported by four implants (two vertical, two
distally tilted). The implants were immediately loaded with screw-retained full-
arch restorations. Each prosthesis was supported by a prefabricated metal bar com-
bined with high-density acrylic resin. Follow-up visits were scheduled at 6, 12, and
24 months after initial prosthetic loading. Intraoral radiographs were obtained im-
mediately after surgery and at each follow-up visit by using a custom radiograph
holder and parallel technique. Marginal bone levels were assessed using digital image
analysis. Implant and prosthetic survival and success rates were evaluated. Patient
satisfaction was further assessed using a 100-mm visual analog scale (VAS). Data
were compared by means of the Mantel-Haenszel test.
Results: No drop-outs occurred. The overall implant survival rates were 100% and
98.38% for the vertical and tilted implants respectively. Two of the 62 definitive
fixed prostheses were lost during the observation period due to implant failure. Since
restoration replacement due to implant failure was not judged a prosthodontic failure
according to the survival criteria provided in this study, the overall prosthetic sur-
vival rate was 100%. No statistically significant differences in marginal bone levels
between vertical and tilted implants were detected at 24-month follow-up evaluation
in either jaw. All participants were functionally and esthetically satisfied with their
definitive restorations after 2 years functioning, as confirmed by the average VAS
scores (masticatory function: 99.7; phonetic function: 99.5, esthetics: 99.2).
Conclusions: The preliminary 24-month results indicate that immediate loading
of vertical and tilted implants using the evaluated prefabricated bar system may be a
viable solution for edentulous jaw rehabilitation; however, more long-term prospective
clinical trials are needed to affirm the effectiveness of this surgical-prosthetic protocol.

One of the major challenges facing dentistry has been reha-
bilitation of atrophic maxillary jaws.1 Complete dentures have
provided patients with clinically acceptable esthetic results at
a reasonable cost.2 However, denture instability as well as
soreness, which increases especially with severe bone resorp-
tion, have not been able to offer satisfactory function. Imme-
diate implant-supported rehabilitation of edentulous jaws has
been reported to provide a reliable alternative to conventional

dentures while significantly improving quality of life for eden-
tulous patients.3,4

Implant dentistry has focused on therapeutic protocols that
minimize the number of implants and reduce surgical inva-
siveness. According to the All-on-Four concept, bone augmen-
tation procedures and/or mandibular nerve displacement may
be avoided with this particular strategic placement of four im-
plants (i.e., two vertical in the lateral incisor or canine areas

1Journal of Prosthodontics 00 (2015) 1–8 C© 2015 by the American College of Prosthodontists
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and two distally tilted implants parallel to the anterior sinus
wall or anterior to the mandibular foramen).5,6 Longer implants
may be used secondary to tilted positioning, while improv-
ing the bone-to-implant contact as well as cortical anchorage;
moreover, prosthesis support has been optimized due to shorter
cantilevers.7,8

Studies on biomechanical measurements have demonstrated
that tilted implants, when part of prosthetic support, do not have
a negative effect on load distribution.9,10Prospective, and retro-
spective clinical results on the immediate-function concept by
combining two vertical and two tilted implants with an acrylic
resin interim full-arch fixed prosthesis reported cumulative sur-
vival rates between 92.2% and 100%.11,12 Different prosthetic
designs as well as multiple types of materials have been used
to fabricate prosthetic frameworks.13,14 A truly passive fit of
screw-retained prostheses onto both vertical and tilted implants
has been reported to be mandatory to avoid tensile, compressive,
and bending forces, which may be dangerous for the osseointe-
gration process and/or result in failure of the components.15-19

However, some studies have found that dental implants tolerate
certain levels of misfit.20,21

For an easier prosthesis adaptation, angulated abutments are
needed to reduce the divergence between nonparallel implants.
But, when angulated abutments are used, soldering or laser
welding procedures are often required to achieve passive fit of
the framework.22,23 Laboratory errors are primarily due to the
volumetric inconsistency and linear expansion of the fabrica-
tion materials used.22-24 Using prefabricated precision milled
components to assemble prosthetic frameworks, such as bars,
could be a viable solution to drastically reduce material dis-
tortion, chair time, and the high costs of fabrication. Some
immediate loading protocols of a fixed prosthesis supported by
dental implants using prefabricated bars have been proposed
in the treatment of edentulous mandibles.13,24 The purpose of
this short-term report was to retrospectively evaluate the use
of a prefabricated bar system for immediately loaded implants
placed and restored according to the All-on-Four concept with
up to 24 months follow-up.

Materials and methods

This retrospective study was performed at the Department of
Clinical Sciences and Translational Medicine, Section of Den-
tistry, University of Rome “Tor Vergata.” The investigation was
conducted according to the tenets of the Helsinki Declaration,
and all participants gave their written informed consent for
immediate implant loading.

From September 2011 to November 2012, 51 patients
(31 men, 20 women) with a mean age of 63.4 years (range: 49 to
75 years) were treated with immediately loaded complete-arch
prostheses according to the All-on-Four technique. All patients
met the following inclusion criteria: good health, edentulous
jaws or in need of extraction of the remaining compromised
teeth, atrophy of the mandible or maxilla in posterior regions,
absence of any lesions in the oral cavity. The exclusion criteria
were as follows: health conditions that did not permit surgi-
cal treatment; any disorders in the planned implant area such
as previous tumors or chronic bone diseases; any interfering
medication such as steroid therapy or bisphosphonate therapy;

Figure 1 The new diagnostic removable prosthesis was duplicated to
create an acrylic radiographic template.

alcohol or drug abuse; heavy smoking (>20 cigarettes/day);
uncontrolled diabetes; radiation therapy to head or neck region
within 5 years; high parafunctional activity (based on history
and clinical examination).12

Panoramic radiographs were used to initially image the jaws
and assess the general status of remaining teeth. Study casts
with all anatomic landmarks were obtained from well-extended
impressions of the patients’ jaws and mounted on articulators
using a facebow transfer and accurate interocclusal records.

In partially edentulous patients, the interocclusal record was
recorded to assess occlusal vertical dimension (OVD) and the
occlusal plane of the future screw-retained prostheses. In eden-
tulous patients, new removable prostheses were fabricated to
restore optimal OVD, mandibular position, and occlusal planes.
The new prostheses were duplicated to create an acrylic resin ra-
diographic template. Patients underwent CT scans (LightSpeed
VCT; GE Healthcare, Waukesha, WI) to accurately assess the
quantity of bone for prosthetically driven implant placement
(Fig 1).

Surgical procedure

A single 2 g dose of prophylactic antibiotic (amoxicillin/
clavulanate potassium, Augmentin; GlaxoSmithKline, Verona,
Italy) was administered 1 hour prior to surgery and then
1 g twice a day for the week following surgery.25,26 Anesthe-
sia was induced by local infiltrations of 4% articaine solution
with epinephrine 1:100,000 (Ubistein; 3M Italy SpA, Milan,
Italy). In some cases immediate atraumatic extractions were
performed, the sockets were freed of soft tissue remnants, and
cleaned to minimize infection. When necessary, bone shaping
was performed to level the bone crest.

Implant placement was assisted by a specially designed sur-
gical guide (WINSIX Just Guide; Biosafin, Ancona, Italy) that
facilitated correct implant tilting and precise positioning of the
implants in relation to the opposing jaw and new tooth posi-
tions. The guides were placed into 2-mm holes made at the
midline of the alveolar crest; the titanium band was bent so that
the occlusal centerline of the opposing jaw was followed.

2 Journal of Prosthodontics 00 (2015) 1–8 C© 2015 by the American College of Prosthodontists
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In edentulous mandibles, a mucoperiosteal flap was raised
to expose the crest and the mental foramina with relieving in-
cisions on the buccal aspects in the molar areas. The most
posterior implants (TTx, WINSIX, Biosafin) were placed close
to the anterior wall of the mental loop and were tilted distally
about 30°relative to the occlusal plane. Most of the tilted im-
plants were 3.8 mm in diameter and typically emerged at the
second premolar position. The anterior vertical implants were
placed in the canine or lateral incisor area and were most often
either 3.8 or 3.3 mm in diameter. In edentulous maxillae, a mu-
coperiosteal flap was raised to expose the crest with relieving
incisions on the buccal aspects in the molar areas.

The posterior implant tilting followed the anterior sinus wall
with about 30°of inclination; anterior implants were placed in
lateral incisor positions. The posterior implants were either 4.5
or 3.8 mm in diameter, and the anterior implants were either
3.8 or 3.3 mm in diameter. The implant surgery was performed
following the manufacturer’s instructions; however, in some
cases, the drilling protocol was customized by under-preparing
the width of the implant sites according to the bone density
to obtain primary stability with an insertion torque ranging
between 35 and 45 N/cm.

Each patient received straight anterior and angulated abut-
ments (17°and 30°, Extreme Abutment [EA] , WINSIX;
Biosafin). The abutment angulations were selected to compen-
sate for the divergence between anterior and posterior implants
and to place the prosthetic screw access holes in occlusal or
lingual locations.

Flaps were readapted and sutured back into position with
4-0 nonresorbable suture (Vicryl; Ethicon, Johnson & John-
son, New Brunswick, NJ). Antibiotics, nonsteroidal anti-
inflammatory drugs, and chlorhexidine digluconate 0.2%
mouthwash (to avoid brushing the surgical sites) during the
first 2 weeks after implant placement were prescribed as post-
operative care for all participants.

Prosthetic protocol

After surgery, impression abutment copings (EATx, WINSIX;
BiosafIn) were connected and tightened to straight and angu-
lated abutments with 15 N/cm torque. The radiographic tem-
plates were used as custom open-impression trays. The contacts
between the prostheses and the mucosal regions, which were
not involved in the surgical procedures, were used as anatomical
pre- and postsurgical landmarks (retromolar trigone, maxillary
tuberosity, palatal vault). Therefore, during setting of the
impression material (SnowWhite Plaster no. 2; Kerr, Romulus,
MI), patients were invited to clench in maximum intercuspa-
tion. This allowed the prostheses to seat directly in contact
with the mucosa, avoiding loss of information gained during
the diagnostic phase, and simplifying laboratory procedures
(Fig 2).

Abutment replicas (EAAx, WINSIX; BiosafIn) were con-
nected to the impression copings and tightened to 15 N/cm. All
definitive casts were poured in low-expansion type IV stone
(FujiRock

R©
EP; GC Europe, Leuven, Belgium), and mounted

on fully adjustable articulators using interocclusal records
obtained by the radiographic templates. The radiographic
templates were removed, and the prefabricated removable

Figure 2 The use of the radiographic template as a custom open-tray,
to allow recording of gnathological data, thanks to occluding relation.

Figure 3 Removable prostheses were released and adapted on the
master cast to transfer the occlusion and the vertical dimension of each
patient onto a fully adjustable articulator.

prostheses were accurately adapted on the master casts accord-
ing to anatomical landmarks and interocclusal records (Fig 3).

Straight cylinders (AT, WINSIX; BiosafIn) were screwed
onto the abutment replicas in the casts. Different cylinders
were chosen in relation to margin heights to allow the bars to
be parallel to the occlusal plane. The interimplant distances
were measured, and 3 bar tubes were shortened to the optimal
lengths using the specific cutter bar device and a splitter disk.
Dedicated bar joints (CF and CM, WINSIX; BiosafIn) were
inserted into the tubes. Three units each composed of a tube
and two joints were connected to the cylinders and fixed by
means of resin cements, without soldering procedures (Fig 4).

A silicon index obtained from the preexisting removable
prosthesis was used to evaluate the correct amount of resin
to be removed from the prosthesis to provide a stress-free space
for the bar adaptation without affecting the intermaxillary rela-
tions previously established (Fig 5). The assembled bars were
moved from the master casts to the patient’s mouth, and their
passive nature was checked (Fig 6). Then the passive seating on

Journal of Prosthodontics 00 (2015) 1–8 C© 2015 by the American College of Prosthodontists 3
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Figure 4 Customization of the bar: tubes were shortened at the correct
implant distance and connected to adapters using dedicated bar joints.

Figure 5 (A) and (B) A silicon index obtained from the preexisting
removable prosthesis was used to evaluate the correct amount of resin
to be removed from the prosthesis to provide a stress-free space for the
bar adaptation without affecting the intermaxillary relationship previously
established.

the bar and the occluding relation of the adapted prefabricated
prostheses were evaluated. The removable prosthesis was pro-
vided with four openings for prosthetic screw access, according
to the cylinder emergences.

The prostheses were then intraorally relined with small
amounts of self-curing acrylic resin (Sintodent, Rome, Italy)
just to incorporate the bars. A rubber dam was further used to

Figure 6 The assembled bar was mounted into implants, and its passive
nature was checked.

Figure 7 The bar was attached to the denture with self-curing acrylic
resin and marginal precision was improved by resin addition.

Figure 8 Screw-retained, bar-reinforced, acrylic resin prosthesis
delivery. (A) Frontal view. (B) Occlusal view.

4 Journal of Prosthodontics 00 (2015) 1–8 C© 2015 by the American College of Prosthodontists



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

323

2015

Sannino et al Prefabricated Bar for Immediate Restorations

protect soft tissues. After polymerization, the prostheses con-
nected to the bars were removed from the implants and screwed
onto the master casts and retention, marginal precision, and sta-
bility were improved by resin additions (Fig 7). The prosthetic
parts seated directly in contact with the mucosa were then re-
moved using laboratory burs. Screw-retained, bar-reinforced,
acrylic resin restorations were delivered immediately in all pa-
tients (Fig 8A). The emergence positions of the screw-access
holes of the posterior implants were normally at the level of the
second premolar. The prostheses were designed to hold a mini-
mum of 10 teeth because of the favorable positions achieved by
posterior tilting of the distal implants (Fig 8B). Most definitive
prostheses included 12 teeth, with a maximum of a one-unit
cantilever (�10 mm), which was not reinforced by a bar tube.

All centric and eccentric contacts were assessed by 40µm
articulating paper (Bausch Articulating Paper, Köln, Germany),
until light occlusal contacts, uniformly distributed on the en-
tire prosthetic arch, were obtained. Centric occlusion was used,
with group function for laterotrusive and protrusive excursions.
The prosthetic screws were tightened according to manufac-
turer instructions, and the access holes were sealed with PTFE
tape and a dual-cure, radiopaque, two-component, core build-
up material supplied in an automix delivery system (Clearfil
DC Core Automix; Kuraray Europe GmbH; Hattersheim am
Main, German). Fifteen days after prosthesis delivery, a final
occlusal adjustment was performed. Patients were advised to
adhere to a soft diet for the first 2 months postsurgery and to
return to a regular diet, but avoid harder food items for another
2 months.

Follow-up

Follow-up visits were scheduled each week for the first month
after surgery, once a month up to the sixth month, and annually
up to 2 years after implant insertion. The mean follow-up period
was 29.5 months (range 24 months to 38 months). The primary
outcome measures were implant and prosthetic survival and
success rates.

Implant survival was defined as the absence of implant mo-
bility, swelling, or pain in the surgical site at the time of exam-
ination. Implant success was defined as implant survival plus
marginal bone loss<1.5 mm after 1 year of loading and no
more than 0.2 mm of loss between each follow-up appointment
after the first year of function.

Restoration success was defined as the absence of fractures of
the framework or the acrylic resin superstructure, even if one or
more implants supporting the restoration have been removed.
(Prosthesis success was evaluated using modified evaluation
criteria suggested by the California Dental Association).27 A
“surviving prosthesis” was a prosthetic reconstruction that was
stable and in good function.

The secondary outcome with respect to efficacy was the
marginal bone level changes. Radiographic evaluations of
marginal bone level were made using intraoral radiographs at
1 and 2 years using a custom radiograph holder and parallel
technique (Fig 9). All radiographs were displayed in an image
analysis program (Scion Image v4.0.2; NIH Scion Corpora-
tion 4.0.2, Frederick, MD) and evaluated under standardized
conditions.

Figure 9 (A) Intraoral radiographs after implant surgery and immediate
loading. (B) After 24 months, stable marginal bone levels were shown.

The software was calibrated for every image by considering
the length of the implant. Bone levels were recorded mesial and
distal for each implant, using the implant/abutment junction as
reference points. The first bone-to-implant contact at surgery
was defined as the baseline. Marginal bone loss was calculated
as the difference between the readings at the examination and
the baseline value.

The third outcome, assessed at the 2-year follow-up exami-
nation, was patient satisfaction. Patients gave their overall sat-
isfaction score regarding masticatory—phonetic function and
esthetics of their definitive implant-supported restorations on a
100-mm visual analogue scale (VAS; 0= maximal disagree-
ing or minimal experienced and 100= maximal agreement or
maximal experienced).

Statistics

Statistical calculations were performed with the statistical soft-
ware SPSS 14 for Windows (SPSS Inc., Chicago, IL). The
marginal bone levels were reported as means± standard devi-
ations at 12 and 24 months. Marginal bone remodeling around
the vertical and tilted implants was recorded.

Data were subjected to statistical analysis with the Mantel-
Haenszel test and the odds ratio determination, which provided
all the necessary parameters to determine the significance. The
Mantel-Haenszel test was applied to the contingency tables
after converting the data into quantitative categorical dichoto-
mous data. The dichotomy was based on the median value of
quantitative data, thus the values less than or equal to the me-
dian were included in the zero class, while the values more than
the median in the first class.

Results

Thirty-nine patients (76.5%) were edentulous, and 12 (23.5%)
were partially edentulous on the day of surgery. Eight patients
(15.7%) were smokers, and five (9.8%) exhibited signs of

Journal of Prosthodontics 00 (2015) 1–8 C� 2015 by the American College of Prosthodontists 5
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Table 1 Distribution of implants according to diameter and length

Maxilla (n = 28)

Length Length Length
11 mm 13 mm 15 mm

Vertical (n = 56) Diameter 3.3 mm 6 2 0
Diameter 3.8 mm 8 22 2
Diameter 4.5 mm 4 8 4

Tilted (n = 56) Diameter 3.3 mm 0 4 2
Diameter 3.8 mm 4 12 16
Diameter 4.5 mm 0 8 10

Mandible (n = 34)

Length Length Length
11 mm 13 mm 15 mm

Vertical (n = 68) Diameter 3.3 mm 8 12 0
Diameter 3.8 mm 10 16 4
Diameter 4.5 mm 2 12 4

Tilted (n = 68) Diameter 3.3 mm 0 4 4
Diameter 3.8 mm 2 18 14
Diameter 4.5 mm 2 12 12

occasional parafunctional activity (based on history and
clinical examination). Treatment was performed in 28 maxilla
(45.16%) and 34 mandibles (54.84%).

The opposing arches presented implant-supported restora-
tions (n= 6 mandible, n= 5 maxilla), fixed prostheses on teeth
(n = 5 mandible, n= 9 maxilla), removable partial dentures
(n = 4 mandible, n= 4 maxilla), maxillary complete dentures
(n = 8 mandible, n= 9 maxilla), and natural dentition (n= 5
mandible, n= 7 maxilla). A total of 248 implants (TTx, WIN-
SIX; Biosafin) were placed and immediately loaded (Table 1).
Nine implants were placed into fresh extraction sockets, and
239 were placed into healed sites.

All implants achieved primary stability at placement with
a minimum torque of 35 N/cm and were immediately loaded
supporting 62 fixed interim prostheses. The mean (SD) implant
length was 12.61 mm (1.24 mm) for the vertical and 13.81 mm
(1.22 mm) for the tilted implants. During the first 4 months after
implant placement, two patients lost one tilted implant (max-
illary) each due to mobility. Two implants of the same length
and larger diameter were placed, and left unloaded until a new
definitve prosthesis was completed and inserted. The definitive
prosthesis was supported by three immediately loaded implants
and one replaced implant. No additional implant failures were
experienced during the study period accounting for a cumula-
tive implant survival rate of 100% and 98.38% for the vertical
and the tilted implants, respectively, and a cumulative prosthetic
survival rate of 100% at 24 months. No dropouts occurred.

Four patients presented with fracture of a resin tooth of the
prosthesis. The prostheses were repaired without removal from
the oral cavity. No signs of excessive occlusal wear were noted
at the 24-month evaluation in any patient. No other mechanical
complications (such as screw loosening and/or fracture, bar
fracture) occurred during the entire follow-up period.

The VAS results revealed that all participants were function-
ally and esthetically satisfied with their definitive prosthesis.
The average VAS score was 99.7 (SD: 2.1; range: 95 to 100)
for masticatory function, 99.5± 2.2 (range: 95 to 100) for
phonetic function, and 99.2 (SD: 2.9; range: 90 to 100) for
esthetics.

Radiographic results

At the 24-month evaluation, marginal bone loss averaged 1.07
± 0.33 mm for vertical and 1.10± 0.32 mm for tilted implants
in the maxilla. In the mandible a mean marginal bone loss of
1.08± 0.40 mm for vertical implants and 1.12± 0.39 mm for
tilted implants was found (Table 2). No statistically significant
differences in crestal bone loss between tilted and vertical im-
plants were detected at 12- and 24-month follow-up evaluations
in either jaw.

Discussion

The 2-year clinical and radiological results of this investigation
have shown how vertical and tilted implants supporting restora-
tions with prefabricated bar could have a favorable prognosis;
however, several variables were present in this study (i.e., eden-
tulous vs. dentate patients, type of antagonist, etc.) and might
have affected the results. Two patients lost one implant each,
and all prostheses survived on the remaining three implants
until the replacement implants were loaded. The cumulative
implant survival rate (99.19%) was comparable to results ob-
tained with other reported immediate/early loading protocols
for the same indication.5,6,12

There were no statistically significant differences in marginal
bone loss between vertical and tilted implants at 24 months
in either jaw. According to the findings of others, tilted im-
plants were similar on the mesial and distal surfaces for bone
resorption patterns.5-8 Studies on biomechanical measurements
demonstrated that tilted implants, when part of a prosthetic sup-
port, do not have a negative effect on the load distribution.9,10

No postloading mechanical complications such as bar fracture
or screw loosening or fracture were observed throughout the
study.

Resin tooth fracture of the prosthesis did occur in four pa-
tients, but did not require replacement of the prosthesis itself,
indicating a prosthetic survival rate of 100%. No correlation
was found between such fractures and the type of opposing
dentition; therefore, a possible explanation could be occasional
parafunctional habits or poor occlusal equilibration. Restora-
tion replacements due to implant failure have not been judged a
prosthodontic failure according to the success and survival cri-
teria provided in the study, therefore they have not been counted
in the statistical calculation.

At the 24-month follow-up, bone healing was uneventful, and
good soft-tissue health was maintained in all cases. No signs of
adverse biological conditions were detected.

The advantages of a full-arch fixed prosthesis supported by
two anterior vertical and two distal tilted implants are well
known: longer implants may be placed, implant-to-bone con-
tact area and primary implant stability may be increased, tilting
the implant relative to the foramina or the anterior sinus walls

6 Journal of Prosthodontics 00 (2015) 1–8 C� 2015 by the American College of Prosthodontists
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Table 2 Radiographic results: mean marginal bone loss

Jaw Maxilla Mandible

Placement Vertical Tilted Vertical Tilted

Time (months) T-12 T-24 T-12 T-24 T-12 T-24 T-12 T-24
Implants 56 56 56 56 68 68 68 68
Average (mm) –1.02 –1.07 –1.05 –1.10 –1.01 –1.08 –1.06 –1.12
SD 0.33 0.33 0.33 0.32 0.37 0.40 0.38 0.39

reduces or eliminates the need for a prosthetic cantilever, result-
ing in better load distribution, and the use of bone grafts may be
avoided, resulting in significantly less morbidity and dramat-
ically lower financial costs associated with those procedures.
Furthermore, the immediate function concept with immediate
screw-retained restoration based only on four implants repre-
sents a major advantage for patients, providing less expensive,
and less time-consuming treatments.

Despite the many benefits offered by this surgical-prosthetic
protocol, the prosthesis adaptation may be difficult due to dif-
ferent implants’ orientation. These drawbacks can be overcome
using angulated abutments, which correct the divergence of the
tilted implants and adjust the implant platform height. Never-
theless, a perfect parallelism and the same height of the four
implant platforms are never achieved, nor is a perfect passive
fit between the framework and the implants, which is required
for a successful restoration.16 Unlike natural teeth, implants are
unable to fit to the misfits, since they do not have the resiliency
of the periodontal ligament.15,18 A poor fit between structures
introduces harmful tensile, compressive, and bending forces
and may result in failure of the components as well as loss of
osseointegration.15,18,19

Soldering or laser welding procedure is often required to
compensate dimensional distortion, which can be introduced
at any step of the fabrication process, due to the volumetric
inconsistency and linear expansion of the materials used.21-23

This leads to an increase in laboratory time and costs.18 The
system investigated in the present study could overcome these
weak aspects and offer some benefits for the patient, the clinical
team, and the laboratory. The prefabricated bar is composed of
precision-milled cylinders, universal bar joints, bar tubes, and
fixation screws.

The reproducible and constant manufacturing processes of
the components also improves the physical and mechanical
properties of the component materials. This ensures high accu-
racy and thus passive fit when the bar is assembled, as opposed
to the traditional way of manual manufacture (casting or sol-
dering), which is prone to numerous subjective errors. Passive
seating is improved by the design of the bar joints, which can
rotate inside the bar tubes and overcome slight undercuts of the
cylinders, thanks to cylindrical and elliptical shapes. Thus no
lateral stress is generated on the implants, reducing the risk of
implant failure.

The real splinting of the four cylinders (i.e., the four implants)
is performed by the acrylic resin; however, each tube supported
by two cylinders may improve the mechanical strength of the

prosthetic span, which is subjected to compressive and bending
forces during masticatory function. Each tube is stable and pro-
vides support only if it is supported by two cylinders, because
there are no welding points between different parts. Therefore,
the tubes have not been used as a support for the cantilever
units. In the present study only one cantilever unit fracture was
observed. The lack of the tube has made the repair procedure
and the finishing of the prosthesis easier.

In a clinical study prefabricated bars were compared to
custom-made bars used for implant-retained mandibular
complete overdentures.14 The authors stated that the increase
in bone loss recorded (18-month follow-up) in the cast bar
group was more than in the prefabricated bar group, perhaps
attributable to the accuracy in fabrication of the prefabri-
cated bar, where it has a high-polished surface, precision,
and stress-free properties. These results may be attributed
to the difference in the amount of load transmitted to the
supporting structures by a rigid cast bar unit and a relatively
flexible prefabricated bar joint used to retain the mandibular
overdentures.

A finite element analysis evaluated the influence of bar
framework material on the distribution of static stresses in
an overdenture-retaining bar system. The authors concluded
that several bar framework materials such as gold alloy,
silver-palladium alloy, commercially pure titanium, and cobalt-
chromium alloy transfer significant stress to the supporting
peri-implant tissues.18

This system is relatively inexpensive compared with con-
ventional gold castings and CAD/CAM options, since no lab-
oratory time is required to fabricate the bar, and there are no
costly implant components or gold-alloy charges. Furthermore
customization of the bar components may be done directly at
the dental chair with existing dentures or indirectly at the dental
laboratory with new dentures.

When a prefabricated bar is intended to be used for a screw-
retained acrylic resin prosthesis, great attention should be given
to the size of the bar components. An accurate preliminary as-
sessment of the components’ volume is mandatory to enable
a passive housing of the structure into the prosthesis. One of
the major benefits of this system is that it can be used modify-
ing the existing prosthesis, provided there is enough space to
host the bar in the denture crestal aspect. A preliminary mount-
ing of the stone casts in an articulator with the existing denture
could be useful to evaluate the available space and the best
position for each component. This advantage enables cost re-
duction of a new prosthesis and to keep patient esthetics and

Journal of Prosthodontics 00 (2015) 1–8 C© 2015 by the American College of Prosthodontists 7
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intermaxillary relation unchanged, while improving bite force,
oral function, and prosthetic stability.

The high success rate obtained with this protocol may be the
result of an accurate diagnosis supported by a simple and repeat-
able prosthodontic protocol, which provides a transition from
a diagnostic removable denture to a screw-retained implant-
supported prosthesis. Versatility and biomechanical reliability
of the bar components, providing a passive fit, play a key role
in the uniform load distribution at the bone-implant interface.

The overall esthetic outcome of the treatment was judged
excellent by the clinician and the patients. Patient comfort in-
creased due to the reduced treatment time, morbidity, and over-
all costs, as confirmed by the overall satisfaction score.

Conclusions

The results of this retrospective study demonstrated high suc-
cess rates, a low number of complications, and high patient
satisfaction regarding masticatory function, phonetic function,
and esthetics. Prefabricated bars for screw-retained, immedi-
ately loaded, full-arch prostheses supported by two vertical and
two tilted implants may be a reliable solution for the treatment
of edentulous jaws. These procedures may result in improved
economic benefits for patients and clinicians; however, more
long-term prospective clinical trials are needed to confirm the
effectiveness of this surgical-prosthetic protocol.
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ABSTRACT

Background: A recent study showed that implant-prosthetic rehabilitation in well-controlled HIV patients gave slightly
worse results than in an healthy population, and failures were all linked to infection.

Purpose: The aim of this study was to examine the associations between the success of implant-prosthetic treatment and
systemic CD4+ level, smoking habits, and oral hygiene.

Materials and Methods: This mono-centric study included HIV patients with a stable disease and good oral hygiene
requiring implant rehabilitation. Each patient received at least one dental implant. Prosthesis were delivered after 90 days
in the upper jaw and 60 days in the lower jaw. Primary outcome measures were prosthetic failures, implant failures,
peri-implant marginal bone level changes, and biological complications (peri-implantitis, pus, pain, paresthesia). The
possible association with CD4 count, smoking habits, and oral hygiene was analyzed.

Results: Sixty-eight patients received 194 implants, and 66 patients (190 implants) were followed for 1 year. No significant
associations were found between CD4+ count, oral hygiene-associated variables, and any of the outcome measures. If
compared with nonsmoking/light smoking patients, patients who smoked >10 cigarettes/day suffered a statistically signifi-
cant greater number of implant failures (p 2 .005), presented a comparatively higher number of peri-implantitis (p < .001),
as well as a higher frequency of pus (p 2 .007), and reported pain (p 2 .009).

Conclusion: Within the limitation of the present study, placement of dental implants in HIV-positive patients with stable
disease seems a reasonable treatment option, regardless of CD4+ cell count, provided that they are in a normal range. Oral
hygiene variables were not influent in this group of patient following recall appointments, while HIV-positive heavy
smokers (>10 cigarettes/day) demonstrated an increased risk of early implant failure, peri-implantitis, episodes of pus, and
self-reported pain.
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INTRODUCTION

The scientific literature about oral implants performed

on HIV-positive patients is relatively scarce and consists

mainly of case reports1–3 or pilot study.4 This is in part

due to the fact that HIV-positive patients rarely were

subjected to this type of treatment as their systemic

disease was associated with a significant reduction of

length and quality of life, and they had other medical

needs, rather than implant-prosthetic rehabilitation.5

The dental treatment was limited, therefore, to the man-

agement of oral lesions and dental emergencies.5 With

the advent of new therapies improving the quality of life

of these patients, implant-prosthetic rehabilitation has

become more and more common for these patients.6

Longitudinal clinical trials about implant-

prosthetic rehabilitation in HIV patients are rare.6 A

recent prospective cohort study conducted at the

IRCCS San Raffaele Hospital, Milan, showed that well-

controlled HIV patients who maintained a proper oral

hygiene and followed a professional maintenance proto-

col obtained only slight worse results in implant reha-

bilitation than an healthy population (survival at patient

level: 57 out of 66 patients; survival at fixture level: 175

out of 190 – 92.1% after 1 year). All the failures were

linked to infection and occurred before 6 months from

insertion (7.9% out of 190 fixtures on nine out of 66

HIV-positive patients).7

Indeed, infection can be a serious complication in

placement of dental implants and could lead to implant

loss, in particular in patients infected with human

immunodeficiency virus.8,9 In such patients, a progres-

sive deterioration in immunity is indicated by a fall

in the T-helper (CD4) cell count, and the risk of

wound infection increases as the immune status

deteriorates.10,11

So, the systemic disease could cause an increase in

the percentage of early failures, and the systemic level of

CD4+, which is to be considered an indicator of the state

of the disease, could be an indicator of the increased risk

for implant failures.

Besides, other factors as cigarette smoking12 and the

level of oral hygiene13 can affect osseointegration and

infections.

The purpose of this study was therefore to investi-

gate the associations between variables related to the

survival of implant-prosthesis treatment (prosthetic

failures, implant failures, biological complication, mar-

ginal bone level change [MBLC]) and systemic CD4+
values, smoking habits, and oral hygiene, in a population

of HIV-positive patients followed for 1 year, undergoing

implant-prosthetic treatment, described in a previous

paper.

In this article, the Strobe guidelines (or Strengthen-

ing the Reporting of Observational Studies in Epidemi-

ology) were followed.14

MATERIALS AND METHODS

This mono-centric trial (IRCCS San Raffaele Hospital in

Milan, Italy) included controlled HIV-affected patients

that required implant rehabilitation. The Italian Minis-

try of Health approved the protocol.

Recruitment

The patients were recruited at the San Luigi Center for

Infective Diseases, IRCCS San Raffaele Hospital, Milan,

in which HIV-infected patients are kept under medical

control. All those who presented medical parameters of

a stable disease were considered (Table 1).7

All patients received and signed a written consent

form for implant procedures.

Interventions Administered

During the first dental examination of the patients, the

following procedures were done:

• General intraoral examination;

• Evaluation of the orthopantomography or any Tc

Dental scans; and

• Implant planning (number of fixtures; the location,

the type of prosthesis).

A few days before the surgery, periodontal health

checkup (by the hygienist or dentist) was performed:

This stage was the T0 for the clinical periodontal param-

eters. Stages T1 and T2 were considered at 6 months and

12 months, respectively, from implant placement. At

these stages, a dental hygienist measured the modified

bleeding index, modified plaque index, probing depth

(PPD), and presence of pus (Table 2).15

Smoking habits were recorded at T0 as number of

cigarettes smoked in a day. Education and motivation to

oral hygiene at home, and instructions about the poten-

tial negative role of smoking were given to all the

patients. Eventual debridement above/below the gingiva

and one stage full-mouth disinfection in case of peri-

odontal patients were administrated.

2 Clinical Implant Dentistry and Related Research, Volume *, Number *, 2015
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At the day scheduled for the surgery, implants were

positioned after antibiotic prophylaxis with amoxicillin

and clavulanic acid, 2 g orally, 1 hour before surgery. A

full-thickness flap was raised, and implant placement

was conducted in accordance with the manufacturer

protocol (WinSix®, BioSAFin. S.r.l., Ancona, Italy).

Conical implants with rough surface (Full Contact Cov-

ering® surface) and internal hexagon connection were

used (K implants, WinSix, BioSAFin. S.r.l.). Postopera-

tive therapy consisted in amoxicillin and clavulanic acid

1 g × 2 per day for 7 days after surgery, rinse with 0.2%

chlorhexidine twice a day for 15 days after surgery, and

pain medication as needed. Suture removal was carried

out after 7 to 10 days. Re-entry procedures for healing

abutment placement were performed in each case at

least after 50 days from implant placement.

After 90 days for the upper jaw and 60 days for the

lower jaw, a precise impression was made, and remov-

able prosthetic denture or fixed cemented single crowns

and bridge were then delivered. For total removable

TABLE 1 Inclusion and Exclusion Criteria

The eligibility criteria • HIV-positive patients

• Age >18 years

• Total or partial edentulous

• Adequate bone volume (divisions A, B, or C according to Misch classification of bone available23) and

appropriate bone density (classes D1, D2, or D3 Misch24);

• Blood values:

CD4+ level count >400 cells/mm3

Hemoglobin >8 mg/dl;

Absolute neutrophil count >750 cells/mm3;

Platelets >75.000 cells/mm3;

AST < 5 times the upper limit of normal value (ULN);

Bilirubin <2.5 times ULN;

Alkaline phosphatase <5 times ULN;

Creatinine <2.5 mg/ml

Exclusion criteria • Severely immunocompromised patients with a high recurrence of opportunistic infections,

tuberculosis, or malignancy spread;

• Diabetes decompensated;

• Severe malocclusion;

• Severe parafunctions (bruxism);

• Inadequate bone volume (Division D of Misch);

• Inadequate bone density (density D4 Misch);

• Disorders that contraindicate surgical procedures;

• Lack of collaboration;

• Lack of oral hygiene: plaque index superior to 1

TABLE 2 Periodontal Health Indices and Details of Methods of Measurement

Variable Timing Method

Modified Bleeding index (mBI) T1 and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the

implants using a periodontal probe (PGF-GFS, Hu-Friedy).

Modified Plaque index (mPI) T1 and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the

implants using a periodontal probe (PGF-GFS, Hu-Friedy).

Probing depth (PD) T1 and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the

implants using a periodontal probe (PGF-GFS, Hu-Friedy).

Indices were recorded as previously reported.15

Implants in HIV Patients 3
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dentures, ball attachments were screwed directly onto

the abutments, and two ball housings (matrices) were

mounted in the overdenture.

For single crowns and fixed partial dentures, defini-

tive metal ceramic restorations were cemented onto the

definitive abutments.

Follow-Up Evaluation

The appointments with the dental hygienist were sched-

uled each 2 months. For the oral hygiene at home,

patients were instructed on the proper use of aids such

as interproximal brush, mono tuft toothbrush, and

Super floss. Patients were recommended to brush their

teeth at least three times a day.

Outcome Measures

The outcomes considered were as follows:

1. Prothesis failure: when prosthesis has to be replaced

due to implant failure.

2. Implant failure: implant removal dictated by mobil-

ity, progressive marginal bone loss due to peri-

implantitis, and any mechanical complication

rendering the implant not usable (e.g., implant

fracture). The stability of each individual implants

was assessed manually, 6 and 12 months from inser-

tion by tightening the abutment screws with the

removed prostheses.

3. Biological and biomechanical complications

(number and type) were recorded as single episodes

for each implant. Particular attention was used

to assess peri-implantitis (defined as progressive

bone loss with sign of infections around an

osseointegrated implant), presence of pain, pres-

ence of pus, paresthesia of the lower jaw, and

implant fracture.

4. Peri-implant MBLC: Periapical radiographs were

taken at T0 (immediately after the insertion of the

fixture) and at T2 (1-year follow-up). They were

made perpendicular to the long axis of the implant

with long-cone parallel technique using an occlusal

custom template to measure the marginal bone

level. A dedicated dentist measured the changes in

crestal bone height over time. The difference in

bone level was measured radiographically through

specific software (digora 2.5, Soredex, Tuusula,

Finland). The software was calibrated for every

single image using the known implant length and

diameter at the most coronal portion of the neck of

the implant. The linear distance between most

coronal point of bone-to-implant contact and the

coronal margin of the implant collar was measured

to the nearest 0.01 mm, at both mesial and distal

sides and averaged. Bone level changes at single

implants were averaged at patients level and then at

group level.

Analysis of Data

Associations between CD4+ level count, smoking habits,

oral hygiene (PI, BI, and PPD), and the outcome vari-

ables constituted the main target of data analyses.

For CD4+ values, the sample was divided into two

subgroups (CD4+ 2 749.5 vs CD4+ > 749.5) on the

basis of a median split (median: 749.5). With respect to

smoking habits, patients were divided into “nonsmok-

ers /light smokers” (i.e., patients smoking less than 10

cigarettes a day) and “heavy smokers” (i.e., patients

smoking more the 10 cigarettes a day). With respect to

the assessment of oral hygiene, PI, BI, and PPD indexes

were obtained and correlated with the main outcome

measures considered at different points in time (T1,

T2).

To inspect the relation between the level of CD4+
and outcome variables, score variations between groups

of participants were compared and analyzed either with

the chi-squared or the Fisher’s exact test when consid-

ering variables based on nominal data or, alternatively,

with the Mann–Whitney U test when considering

variables based on ordinal data. A multivariate analysis

of variance (manova) was run in order to assess

simultaneous variations in failure of implants versus

failure of prosthesis versus MBLC indices as a function

of a subgrouping of patients into patients with

CD4+ < 749.5 versus CD4+ > 749.5, along with a pos-

sible statistical interaction between the three indices

and patients’ assignment to one of the two CD4+
subgroups.

To inspect the relation between smoking habits and

outcome variables, score variations observed between

groups of participants were compared and analyzed

either with the chi-squared or the Fisher’s exact test

when considering variables based on nominal data (i.e.,

peri-implantitis, pus, pain) or, alternatively, with the

Mann–Whitney U test, when considering variables

based on ordinal data (i.e., number of implant

failures).
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To detect possible associations between the level of

oral hygiene and the study outcomes, a nonparametric

Spearman’s rank correlation analysis was run, relating

the average PI score (i.e., a score obtained by averaging

patients’ PI index considered at T1 and T2) and the

number of implant failures. Always by means of a Spear-

man’s rank correlation analysis, we then correlated this

average PI score with MBLC, and also with the number

of peri-implantitis. Finally, to further illuminate pos-

sible associations with oral health, the outcomes were

correlated with the mean scores of BI and PPD (i.e., with

mean scores obtained by averaging separately both BI

and PPD indexes, considered at T1 and T2).

All analyses were performed with a dedicated soft-

ware (SPSS Inc., version 20.0). The conventional level of

statistical significance was set at α = 0.05.

RESULTS

Demographic data of the sample are reported in Table 3.

Overall, 194 implants were positioned in 68 patients

(22 females and 46 males). Forty-eight patients (70.6%)

received total removable dentures; 11 patients

(16.2%) received partial prosthesis, and nine patients

(13.2%) received single elements. Because of an exacer-

bation of their systemic disease, two patients (each of

them had two implants in the mandible with removable

prosthesis) dropped out from the study between T0 and

T1, thus leading to a final sample of N = 66 patients at

T1 (190 fixtures). The flow chart of the study is repre-

sented in Figure 1.

Failures occurred in 7.9% of the fixtures (15 fixtures

out of 190). Five fixtures out of 190 (2.6%) failed due to

early infection and 10 out of 190 (5.2%) due to peri-

implantitis. Prosthetic failure was registered in two

patients (2.9% of patients) due to the loss of all the

fixtures. Pus and pain were observed in 4/7 and 3/7

patients with peri-implantitis, respectively. No fractures

of fixtures or paresthesia were registered. At T2, the

mean peri-implant MBLC was −1.19 1 0.87 mm.

CD4+ Level

No significant difference was observed comparing

patients with CD4+ 2 749.5 and patients with

CD4+ > 749.5 with respect to any of the outcome vari-

ables (Table 4). A manova confirmed this result by

assessing the significance of simultaneous variations in

the measurement of “failure of implants” versus “failure

of prosthesis” versus “MBLC” indices as a function of

patients grouping with respect to CD4+ levels (patients

with CD4+ 2 749.5 vs patients CD4+ > 749.5). The

multivariate analyses revealed a trivial main effect for

measures, such that the mean values observed for

MBLC were higher than the mean values of both failure

of implants and failure of prosthesis measures – this

effect being simply due to the different scale metrics

used in assessing the three indices. Most importantly,

however, the analysis confirmed the absence of a sig-

nificant difference between groups of patients, and also

revealed no interaction between group of patients and

the three dependent variables entered in the multivari-

ate analyses.

Smoking Habits

The number of implant failures resulted significantly

different between no/light smokers and heavy smokers

(Mann–Whitney U = 508, z = 2.78, p < .005 (Table 5). In

addition, it was also observed that patients smoking >10

cigarettes/day, if compared with their counterparts of

patients smoking <10 cigarettes/day, showed a statisti-

cally significant greater number of peri-implantitis

TABLE 3 Demographic Data of Subjects

Whole Sample No Smokers Smokers (210 Cigarettes/Day) Smokers (>10 Cigarettes/Day)

N: 68 (100%) n: 26 (38.2%) n: 29 (42.6%) n: 13 (19.1%)

Age 55.3 1 17.2 years 50.2 1 10.2 years 56.2 1 9.8 years 58.4 1 12.5 years

(range 40–73) (range 40–62) (range 48–73) (range 42–71)

Gender 46 males (67.6%) 16 Males (23.5%) 22 males (32.3%) 8 males (11.7%)

22 females (32.4%) 10 females (14.7%) 7 females (10.3%) 5 females (7.4%)

CD4+ count

(cell/mm3)

CD4+ count: CD4+ count: CD4+ count: CD4+ count:

726.3 1 201.4 cell/mm3 655.88 1 208.5 779.83 1 203.6 747.69 1 145.04

(range 400–1100 cell/mm3) cell/mm3 cell/mm3 cell/mm3
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Figure 1 Flow chart of the study.

TABLE 4 Results Represented at Patient Level

CD4+ 2 749.5 CD4+ > 749.5

Significance(n = 33) (n = 33)

Failure of implants 6 out of 33 2 out of 33 NS

(18.1%) (6%)

Failure of Prosthesis 2 out of 33 0 out of 33 NS

(6%) (0%)

MBLC 1.09 1 0.32 (mm) 1.12 1 0.36 (mm) NS

Peri-implantitis 5 out of 33 2 out of 33 NS

(15.1%) (6%)

Pus 2 out of 33 0 out of 33 NS

(6%) (0%)

Pain 2 out of 33 0 out of 33 NS

(6%) (0%)

Patients were grouped on the basis of CD4+ level.
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(Mann–Whitney U = 518, z = 3.38, p < .001), a com-

paratively higher incidence of pus (chi-squared = 7.22,

p < .007 with Yates continuity correction, this result

being independently confirmed also by a Fisher’s exact

test, p = .007), and a comparatively higher incidence of

self-reported pain (Chi-squared = 6.85, p < .009 with

Yates continuity correction, this result being indepen-

dently confirmed also by a Fisher Exact test, p = .009).

No/light smokers and heavy smokers showed no

significant differences in mean MBLC recorded on

survived implants after 1 year from insertion (Mann–

Whitney U = 439.5, z = 0.621, p = .53). MBLC was

calculated excluding all those implants affected by peri-

implantitis (10 sites) or early infection (five sites) that

failed before 6 months of follow-up. More specifically,

MBLC of survived implants at 1 year follow-up was

1.09 1 0.35 mm in the first group of patients, and

1.17 1 0.31 mm in the second (comparison) group.

PI, BI, PPD

No statistically significant associations were observed

between averaged PI scores (i.e., scores forming an index

whose values were obtained by averaging patients’ PI

scores across T1 and T2) and implant failures (Spear-

man’s rho = −0.14, p = .25; n = 66); between PI and

MBLC (Spearman’s rho = −0.06, p = .67; n = 66); and

between averaged PI scores and peri-implantitis (Spear-

man’s rho = −0.14, p = .25; n = 66), respectively

(Table 6). A similar pattern of results was observed also

for the averaged BI scores (i.e., scores forming an index

whose values were obtained by averaging patients’ BI

scores across T1 and T2), though no statistically signifi-

cant associations were observed between averaged BI

scores and implant failures (Spearman’s rho = 0.09,

p = .45; n = 66); between averaged PI scores and MBLC

(Spearman’s rho = −0.04, p = .75; n = 66); nor between

averaged PI scores and peri-implantitis (Spearman’s

rho = 0.08, p = .52; n = 66). Also, average PPD scores

(i.e., patients’ PPD values averaged across T1 and T2)

showed any statistically significant association with

implant failure (n = 66, Spearman’s rho = 0.07, p = .57),

nor with MBLC (n = 66, Spearman’s rho = −0.01,

p = .95). No further statistically significant association

emerged between PPD and peri-implantitis (n = 66,

Spearman’s rho = 0.03, p = .84).

DISCUSSION

Limited published scientific evidence is available to

guide clinicians regarding possible increased risks asso-

ciated with dental implant placement in HIV-positive

TABLE 5 Results Represented at Patient Level

No smoking patients
and patients smoking

<10 cigarettes/day

Patients
smoking >10

cigarettes/day Significance

54 (81.9%) 12 (18.1%)

Failure of implants 4 out of 54

(7.4%)

5 out of 12

(41.6%)

Mann–Whitney U = 508,

z = 2.78;

p 2 .005

Failure of Prosthesis 1 1 NS

MBLC 1.09 1 0.35 1.17 mm 1 0.31 NS

Peri-implantitis 2 out of 54

(3.7%)

5 out of 12

(41.6%)

Mann–Whitney

U = 518, z = 3.38

p 2 .001

Pus 1 out of 54

(1.8%)

4 out of 12

(33.3%)

Chi-squared = 7.22

p 2 .007, with Yates continuity correction;

Fisher Exact test

p = .007

Pain 0 out of 54

(0%)

3 out of 12

(25%)

Chi-squared = 6.85

p 2 .009, with Yates continuity correction; Fisher Exact test

p = .009

Patients were grouped on the basis of smoking habits.
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patients. In this study, a group of HIV-positive patients

was subjected to implant-prosthetic therapy and fol-

lowed for a period of 1 year. Implant failures, prosthetic

failures, complications, or MBLC were not significantly

associated to the level of CD4+ in the blood. Different

authors found similar results.4,8,16,17 Oliveira and col-

leagues4 followed 59 implants for 12 months after

loading. Higher baseline levels of pyridinoline and

deoxypyridinoline found in HIV-positive participants

did not interfere with osseointegration after 12 months

of follow-up. They concluded that the placement of

dental implants in HIV-positive patients is a reasonable

treatment, regardless of CD4+ cell count, viral load

levels, and type of antiretroviral therapy.

Stevenson and colleagues,8 in a prospective study

including 20 HIV-positive subjects (test group) and nine

HIV-negative subjects (control group) reported that the

short-term (6 months) success rate was 100% for both

groups, and no difference in clinical outcome was found

between the groups.

Achong and colleagues16 in a report of three cases

indicated that implant surgery may not carry an

increased risk for the HIV-positive patient, and the low

CD4+ cell count levels at the time of implant placement

appear to have no effect on the success of implants. The

various levels of CD4+ cell counts throughout treatment

for these three patients did not correlate with the

outcome of the implants.

Thus, according to our results, the placement of

dental implants in HIV-positive patients seems a reason-

able therapy, regardless of CD4+ cell count, if patients

have a stable disease.

The study of the association between smoking

habits and implant failure did not reach statistical sig-

nificance when participants were grouped into three cat-

egories of patients (no smoking patients vs patients who

smoked 210 cigarettes/day vs patients who smoked >10

cigarettes/day), because of an insufficient number of

patients assigned to each category. When nonsmoking

patients and patients who smoked 210 cigarettes/day

were categorized together, however, we observed signifi-

cantly more implant failures, peri-implantitis, episodes

of pus, and pain in heavy smokers (>10 cigarettes/day)

than nonsmokers–light smokers (<10 cigarettes/day).

Considering the timing of failures, these results correlate

well with the reports in the literature linking smoking to

early implants failures18 and to peri-implantitis.19 HIV-

positive smokers are more susceptible to oral infections

(candidiasis and hairy leukoplakia) than HIV-positive

nonsmokers.20 This susceptibility plays an important

role for implant failure. Implant failures are more fre-

quent among smokers (5.6%) compared with nonsmok-

ers (3.5%),21 probably due to lowering blood flow rate,

due to increased peripheral resistance and platelet

aggregation, or to modifications in the level of

immunoglobulines in the saliva.22

In our sample, MBLC of survived implants at 1-year

follow-up was found to be 1.09 1 0.35 mm in the group

of nonsmokers or light smokers (<10 cigarettes/day),

and 1.17 1 0.31 mm in smokers.

In literature, the average peri-implant bone loss

after 12 months is lower, about 0.47 to 0.49 mm in HIV-

positive patients.4 Perhaps the difference could be

related the fact that bone loss was measured from

implant insertion and not from implant loading.

MBLC was recorded as a difference between base-

line and 1-year data and, because of the early failure

(before 6 months from loading) of implants affected by

TABLE 6 Correlations with Mean PI, Mean BI, and Mean PPD (mean value between registration at T1 and T2)

Variable 1 Variable 2 Significance

Failure of implants Mean PI (1.33 1 0.22) n = 66, Spearman’s rho = −0.14, p = .25

MBLC Mean PI (1.33 1 0.22) n = 66, Spearman’s rho = −0.06 p = .67

Peri-implantitis Mean PI (1.33 1 0.22) n = 66, Spearman’s rho = =−0.14, p = .25

Failure of implants Mean BI (0.64 1 0.26) n = 66, Spearman’s rho = 0.09, p = .45

MBLC Mean BI (0.64 1 0.26) n = 66, Spearman’s rho = −0.04, p = .75

Peri-implantitis Mean BI (0.64 1 0.26) n = 66, Spearman’s rho = 0.08, p = .52

Failure of implants Mean PPD (1.92 1 0.26) n = 66, Spearman’s rho = 0.07, p = .57

MBLC Mean PPD (1.92 1 0.26) n = 66, Spearman’s rho = −0.01, p = .95

Peri-implantitis Mean PPD (1.92 1 0.26) n = 66, Spearman’s rho = 0.03, p = .84
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peri-implantitis, the MBLC value in the groups of

implants with peri-implantitis is unknown. So, the cor-

relation between MLBC and dependent variables cannot

be excluded.

Moreover, the number of implant failures, pros-

thetic failures, peri-implantitis, episodes of pus, and

pain did not correlate with bleeding or oral hygiene or

PPD (mean values of BI, PI, or PPD between T1 and

T2). However, patients were initially included only if

they had a good oral hygiene and followed a strict main-

tenance recall system.

CONCLUSIONS

Within the limitation of the present study, placement of

dental implants in HIV-positive patients with stable

disease seems a reasonable treatment option, regardless

of CD4+ cell count. Oral hygiene variables did not influ-

ence the result of the treatment in a well-maintained

population. HIV-positive heavy smokers (>10 cigarettes/

day) demonstrated an increased risk for implant failure,

for peri implantitis, episodes of pus, and self-reported

pain.
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Implant Prosthetic Rehabilitation in Controlled
HIV-Positive Patients: A Prospective Longitudinal
Study with 1-Year Follow-Up
Enrico F. Gherlone, MD, DMD;* Paolo Capparé, MD, MFS;† Simona Tecco, DDS, PhD;†

Elisabetta Polizzi, BS;‡ Giuseppe Pantaleo, PhD;§ Giorgio Gastaldi, MD, DMD;¶

Maria Gabriella Grusovin, DDS**

ABSTRACT

Purpose: The clinical trial aimed to evaluate the survival of implant-prosthetic rehabilitation in controlled HIV-positive
patients.

Materials and Methods: This mono-centric study included HIV patients with a stable disease, requiring implant rehabili-
tation, with good oral hygiene. Each patient received at least one dental implant. After 90 days in the upper jaw and 60 days
in the lower jaw, the appropriate prosthesis was delivered.Primary outcome measures were prosthetic failures, implant
failures, peri-implant marginal bone level changes (MBLCs), and biological complications (peri-implantitis, pus, pain,
paresthesia). Data were recorded before the intervention (T0), and 6 (T1) and 12 months (T2) after.

Results: Implants were positioned in 68 patients (22 females and 46 males; 194 implants). Two dropouts occurred for
exacerbation of the disease before the sixth month of follow-up, and 66 patients (with 190 implants) completed the study.
Forty-eight patients (70.6%) received total removable dentures; 11 patients (16.2%) received partial prosthesis, and nine
patients (13.2%) received single elements.Implant failure occurred in nine patients (15 fixtures out of 190). These were
early implant failures due to primary infection (five fixtures out of 190: 2.6%) and to peri-implantitis (10 fixtures out of
190: 5.2%). Prosthetic failure was registered in two patients (3% of patients) due to the loss of all the fixtures. Pus and pain
were observed in 4/7 and 3/7 patients with peri-implantitis, respectively. No fractures of fixtures or paresthesia were
registered. At T2, the mean peri-implant MBLC was −1.19 1 0.87 mm.

Conclusions: Within its limitations, the study showed that in a well-controlled population of HIV patients implant
rehabilitation can be a suitable options with results slightly worse to those obtained in normal population.A higher incidence
of peri implant infections in the first six months was present pointing to the need of a proper protocol for infection control.

KEY WORDS: AIDS, HIV, implant, implant survival, implantology, osseointegration, peri-implantitis

INTRODUCTION

AIDS is one of the most serious diseases affecting

humanity. By the end of 2007, about 33 million people

worldwide were living with HIV, and millions had died

of AIDS.1

Today, life expectancy for HIV-infected individuals

has increased due to the use of potent antiretroviral

therapy.2 With the sustained reduction in AIDS-related

morbidity and mortality, the prospect of living with

HIV as a chronic, rather than a terminal, disease has
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increased, and HIV-infected edentulous patients are

becoming informed consumers of oral healthcare and

are requesting a variety of procedures, including dental

implants.3

Oral health is generally very poor for HIV-positive

individuals, as about 40% to 50% of HIV-positive

persons have oral fungal, bacterial or viral infections

often occurring early in the course of the disease.3 The

most important etiopathogenetic factors are immuno-

deficiency states, alterations in the salivary flow (xero-

stomia), nutritional deficiencies, secondary occlusal

trauma and the increase in plaque due to poor oral

hygiene.4

Oral lesions strongly associated with HIV infection

are pseudo-membranous oral candidiasis, oral hairy

leukoplakia, HIV gingivitis and periodontitis, kaposi

sarcoma, non-Hodgkin lymphoma, and dry mouth due

to a decreased salivary flow.5 Moreover, in these

patients, the carious disease is often destructive, affect-

ing large areas of enamel, especially at the cervical–

vestibular, and involves painful symptoms only in very

advanced stages, when it is more difficult to apply con-

servative intervention.5 In addition, there is a high inci-

dence of periodontal ulcerative-necrotic disease.4 Many

of these problems can progress to the point that result

in partial or complete loss of the natural dentition.6

Treatment of oral pathologies is mandatory in HIV

patients to minimize and possibly eliminate all infec-

tions because they can be the starting point for more

serious systemic infections able to undermine the

general health.6 Besides, the pathological problems of

the oral cavity contribute to prevent the social rehabili-

tation of HIV patients, since these individuals can

present functional and aesthetic situations (partially

edentulous and/or total root residues, destructive

caries) not compatible with a good interpersonal rela-

tionship, and their treatments contribute enormously to

the self-esteem.3,4 Implants can be in most cases the

optimal therapeutic solution, but there is a lack of

data7–9 in literature about oral implanto-prosthetic

rehabilitations of HIV patients, except for mandibular

overdenture.10 Data are needed to help in properly treat-

ing these types patients and so in promoting their oral

health and eventual social reintegration into society and

the world of work.

This prospective longitudinal clinical trial aimed to

evaluate survival of implant-prosthetic rehabilitation

in controlled HIV-positive patients, with good oral

hygiene. One-year follow-up after implant insertion was

considered. Survival criteria for implant were presence

of implant stability, absence of radiolucent zone around

the implants, no mucosal suppuration, and no pain

(Buser, and Albrektsson and Isidor).11,12

In this article, the Strobe guidelines (Strengthening

the Reporting of Observational Studies in Epidemiol-

ogy) were followed.13

MATERIALS AND METHODS

This longitudinal prospective mono-centric trial

(IRCCS San Raffaele Hospital in Milan, Italy)14 included

controlled HIV-affected patients that required implant

rehabilitation.

The eligibility criteria were as follows:

• HIV-positive patients

• Age >18 years

• Total or partial edentulous

• Adequate bone volume (divisions A, B, or C accord-

ing to Misch classification of bone available15) and

appropriate bone density (classes D1, D2, or D3

Misch16);

• Blood values:

• CD4+ level count >400 cells/mm3

• Hemoglobin >8 mg/dl

• Absolute neutrophil count >750 cells/mm3

• Platelets >75.000 cells/mm3

• AST < 5 times the upper limit of normal value

(ULN)

• Bilirubin <2.5 times ULN

• Alkaline phosphatase <5 times ULN

• Creatinine <2.5 mg/ml

Exclusion criteria were as follows:

• Severely immunocompromised patients with a high

recurrence of opportunistic infections, tuberculosis,

or malignancy spread

• Diabetes decompensated

• Severe malocclusion

• Severe parafunctions (bruxism)

• Inadequate bone volume (Division D of Misch)

• Inadequate bone density (density D4 Misch)

• Disorders that contraindicate surgical procedures

• Lack of collaboration

• Lack of oral hygiene: plaque index superior to 1

The patients were recruited at the San Luigi Center

for Infective Diseases, IRCCS San Raffaele Hospital,
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Milan, in which HIV-infected patients are kept under

medical control.

All those who submit the medical parameters and

blood values of a stable disease were then addressed at

the Department of Dentistry, IRCCS San Raffaele Hos-

pital, Milan, Italy.

The patients with partial or total edentulism, which

could benefit from an implant-prosthetic rehabilitation,

were then selected according to the described inclusion/

exclusion criteria.

All patients received and signed a written consent

form for implant procedures, and the Italian Ministry of

Health approved the protocol.

Interventions Administered to the Group

During the first dental examination of the patients, the

following procedures were done:

• General intraoral examination

• Evaluation of the orthopantomography or any Tc

Dental scans

• Implant planning (number of fixtures; the location,

the type of prosthesis)

A few days before the surgery, periodontal health

checkup (by the hygienist or dentist) was performed17:

modified bleeding index (mBI); modified plaque index

(mPI); and probing depth (PD) (Table 1). This stage was

the T0 for the clinical periodontal parameters.

At the day scheduled for the surgery, implants were

positioned after antibiotic prophylaxis with amoxicillin

and clavulanic acid, 2 g orally, 1 hour before surgery. A

full-thickness flap was raised, and implant placement

was conducted in accordance with the manufacturer

protocol (WinSix®, BioSAFin. S.r.l., Ancona, Italy).

Conical implants with rough surface (full contact cov-

ering® surface, Biosafin, Ancona, Italy) and internal

hexagon connection were used (K implants, WinSix).

Postoperative therapy consisted of amoxicillin and

clavulanic acid 1 g × 2 per day for 7 days after surgery,

rinse with 0.2% chlorhexidine twice a day for 15 days

after surgery, and pain medication as needed. Suture

removal was carried out after 7 to 10 days. Re-entry

procedures for healing abutment placement were per-

formed in each case at least after 50 days from implant

placement.

After 90 days for the upper jaw and 60 days for the

lower jaw, a precise impression was made.

For total removable dentures, ball attachments were

screwed directly onto the abutments, and two ball hous-

ings (matrices) were mounted in the overdenture.

For single crowns and fixed partial dentures, defini-

tive metal-ceramic restorations were cemented onto the

definitive abutments.

Outcome Measures

The outcomes considered were as follows:

1. Prosthesis failure: when prosthesis has to be

replaced due to implant failure.

2. Implants failure: implant removal dictated by

mobility, progressive marginal bone loss due to

peri-implantitis, any mechanical complication ren-

dering the implant not usable (e.g., implant frac-

ture). The stability of each individual implants was

assessed manually 6 and 12 months from insertion

by tightening the abutment screws with the

removed prostheses.

3. Biological and prosthetic complications (number

and type) were recorded as single episodes for each

implant. Particular attention was used to assess

peri-implantitis (defined as progressive bone loss

with sign of infections around an osseointegrated

implant), presence of pain, presence of pus, pares-

thesia in the lower jaw, implant fracture.

TABLE 1 Periodontal Health Indices and Details of Methods of Measurement

Variable Timing Method

Modified bleeding

index (mBI)

T0, T1, and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the implants

using a periodontal probe (PGF-GFS, Hu-Friedy, Chicago, IL, USA).

Modified plaque

index (mPI)

T0, T1, and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the implants

using a periodontal probe (PGF-GFS, Hu-Friedy, Chicago, IL, USA).

Probing depth

(PD)

T0, T1, and T2 Values were recorded at the mesial, distal, buccal, and palatal surfaces of the implants

using a periodontal probe (PGF-GFS, Hu-Friedy, Chicago, IL, USA).

Implants in HIV Patients 3
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4. Peri-implant marginal bone level changes

(MBLCs): Periapical radiographs were taken at T0

(immediately after the insertion of the fixture) and

at T2 (1-year follow-up). They were made perpen-

dicular to the long axis of the implant with long-

cone parallel technique, using an occlusal custom

template to measure the marginal bone level. A

dedicated dentist measured the changes in crestal

bone height over time. The difference in bone level

was measured radiographically through specific

software (DIGORA 2.5, Soredex, Tuusula, Finland).

The software was calibrated for every single image

using the known implant diameter at the most

coronal portion of the neck of the implant. The

linear distance between most coronal point of

bone-to-implant contact and the coronal margin of

the implant collar was measured to the nearest

0.01 mm, at both mesial and distal sides, and aver-

aged. Bone level changes at single implants were

averaged at patients level and then at group level.

Follow-Up Evaluation

The appointments with the dental hygienist were sched-

uled each 2 months. For the oral hygiene at home,

patients were instructed on the proper use of aids such

as interproximal brush, mono tuft toothbrush, and

Super floss. Patients were recommended to brush their

teeth at least three times a day.

Complete examination of the patient was done at 6

and 12 months after implant insertion.

Analysis of Data

Data were analyzed at patient level. Demographic data

on age, gender, and CD4+ level counts at T0 were

reported and summarized in form of means, standard

deviations, frequencies, and range.

The height, the diameter, and the position of the

inserted fixtures were specified for the whole sample,

and the frequency of the types of prosthetic rehabilita-

tion (upper total; lower total; partial or single elements)

was calculated for the whole sample.

For the outcome measures, the number of implant

failures, prosthetic failures, peri-implantitis, episodes of

pus, pain, paresthesia, and fracture of fixtures was

reported as absolute values and/or percentages in the

whole sample (190 implants in 66 patients). Compari-

sons of MBLC levels among patients with different pros-

thetic rehabilitations were performed by means of a

one-way anova, and a nonparametric Kruskal–Wallis

test for independent samples.

Cumulative survival rate of implants was also

reported.

RESULTS

From November 2008 to May 2010, 256 HIV-positive

patients (age >18 years) were screened at the San Luigi

Center for Infectious Diseases, IRCCS San Raffaele

Hospital, Milan, in which HIV-infected patients are

monitored and given medical assistance. Seventy-three

patients were excluded from further assessment because

they were severely immunocompromised (CD4+ level

<400 cell/mm3), with a high recurrence of opportunistic

infections, tuberculosis, or malignancy spread, and had

altered values of hemoglobin, absolute neutrophil

count, platelets, AST, bilirubin, alkaline phosphatase,

and creatinine.

The remaining patients (N = 183) met the medical

parameters of a stable disease and were thus addressed

to the Department of Dentistry, IRCCS San Raffaele

Hospital, Milan, Italy.

At the Department of Dentistry, patients with

partial or total edentulism (i.e., who could possibly

benefit from implant-prosthetic rehabilitation) were

firstly individuated (n = 158).

Of these 158 patients, 90 were excluded for the fol-

lowing reasons:

• Disorders that contraindicated surgical procedures

(n = 25), among which diabetes decompensated

(n = 13), severe malocclusion (n = 1), severe

parafunctions (bruxism) (n = 4), inadequate bone

volume (division D of Misch) (n = 5)

• Inadequate bone density (density D4 Misch) (n = 1)

• Patients refusing to collaborate (n = 23)

• lack of oral hygiene (n = 31)

Thus, 68 patients (22 females and 46 males) were

included in the study and treated between November

2008 and July 2011. Among them, 26 (38.2%) were no

smokers; 29 (42.6%) were lightly smokers (<10

cigarettes/day), and 13 (19.1%) were heavy smokers.

Because of an exacerbation of their systemic disease, two

patients (each of them had two implants in the mandible

with removable prosthesis) dropped out from the study

between T0 and T1, thus resulting in a final sample

of N = 66 patients at T1 (190 fixtures) (Figure 1).
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Demographic data of patient population are reported in

Table 2.

Fifty-seven patients (83.8%) received two to four

fixtures, nine patients (13.2%) received a single

fixture, and two patients (3%) received five and six

fixtures; consequently, 48 patients (70.6%) were rehabi-

litated with total removable dentures (among them,

30 subjects received the upper dental arch, and 18

patients received the lower dental arch); 11 patients

(16.2%) received partial prosthesis, and nine patients

(13.2%) received single element rehabilitations (Figure 2

and Table 3).

The trend of periodontal health indices over time

for the whole sample is showed in Figure 3. The appoint-

ments with the dental hygienist were scheduled each 2

Figure 1 Flow chart of the sample included in the study.

TABLE 2 Demographic Data of Patient Population

Whole Sample

N: 68 (100%)

Age 55.3 1 17.2 Years (range 40–73)

Gender 46 Males (67.6%)

22 Females (32.4%)

CD4+ count

(cell/mm3)

CD4+ count: 726.3 1 201.4 cell/mm3

(range 400–1,100 cell/mm3)

Smokers 42 (30 males; 12 females)

TABLE 3 Implant Diameter and Length

Diameter
(mm)

Length of the Fixtures (mm)

Total (%)9 (%) 11 (%) 13 (%)

3.3 53 (27.9) 9 (4.7) 5 (2.6) 67 (35.2)

3.8 16 (8.4) 15 (7.9) 18 (9.5) 49 (25.8)

4.5 29 (15.3) 26 (13.7) 19 (10) 74 (38.9)

Total 98 (51.6) 50 (26.3) 42 (22.1) 190

Implants in HIV Patients 5
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months during the follow-up. Sometimes, patients failed

to visit the hygienist but they were always recalled for an

another appointment.

Prosthetic Failure

Prosthetic failure was registered in two patients (2.9%)

who had suffered the loss of all the implants positioned

in their mouth; prosthetic failure occurred before T1.

One patient was a female smoker,(CD4+ level 675

cell/mm3; PI = 1) who lost four out of four implants

before T1 (two implants due to peri-implantitis and two

implants due to primary infection) and had received an

upper prosthesis.

The other patient was a male smoker (CD4+ level

689 cell/mm3; PI = 0) who lost two out of two implants

before T1 (one implant due to peri-implantitis and one

implant due to primary infection) and had received an

upper prosthesis.

Implant Failure

Nine patients (out of 66) experienced implant failure,

and a total of 15 fixtures out of 190 (7.9%) were lost

(Table 4). The cumulative survival rate was 92.1%. Ten

implant out of 190 (5.2%) were lost for peri-implantitis

in seven patients; five implants out of 190 (2.7%) were

lost for primary infection in two patients. No fixture

fracture occurred.

Five patients (7.5%) suffered the failure of one

implant: three of them due to peri-implantitis before T1

and the other two due to primary infection soon after

the insertion of the fixture.

Figure 2 Distribution of the implants in the various sites of the mouth.

Figure 3 Trend of the periodontal health indices over time for
the whole sample of patients analyzed (n = 66).

TABLE 4 Cumulative Survival Rate (CSR) of Implants

Fixtures Lost Fixtures CSR (%)

Surgery–10 days 190 1 (Primary failure) 99.47

10 Days–1 month 189 3 (Primary failure) 97.89

1–3 Months 186 1 (Primary failure) 97.37

3–6 Months 185 10 (Peri-implantitis) 92.11

6–1 Year 175 0 92.11
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Three subjects (4.5%) suffered the failure of two

implants. Specifically, a male smoker (CD4+ count: 774

cell/mm3) lost two out of four implants due to peri-

implantitis before T1; another male smoker (CD4+
count: 689 cell/mm3) lost two out of two implants, one

due to peri-implantitis before T1 and the other due to

primary infection; and the third subject was a female

smoker (CD4+ count: 845 cell/mm3) who lost two out of

two implants due to peri-implantitis before T1.

One patient lost four out of four implants: Two

implants were lost for peri-implantitis before T1, and

two implants were lost due to primary infection; this

woman is a smoker (CD4+ count: 675 cell/mm3) and

lost the totality of the implants placed in her mouth

before T1.

Once established as hopeless, the operator removed

all failed implants due to their serious mobility; there-

fore, implants were removed without additional bone

tissue.

Biological and Prosthetic Complications

Peri-implantitis was diagnosed in seven patients

(10.6%), and 10 fixtures out of 190 total fixtures were

interested (5.2%).

Further, in all of these patients, peri-implantitis

always resulted in the loss of the interested fixture before

T1. In all 10 cases, the peri-implantitis has been diag-

nosed after a period of 1 to 3 months from the prosthetic

loading. Treatment procedure was not possible in any

case since, in all cases, the need to remove the fixture in

order to allow adjustment of the prosthesis and prevent

prosthetic failure was immediately evident.

Three patients (4.5% of the whole sample) suffered

from peri-implantitis, which affected the totality

(100%) of their fixtures and also caused the complete

loss of fixtures (100%). The remaining four patients (6%

of the whole sample) suffered from peri-implantitis,

which, instead, affected half (50%) of the positioned

fixtures and also caused the loss of the 50% of the

inserted fixtures.

Pus was observed in 4/7 patients with peri-

implantitis. Pain was registered in 3/7 patients with peri-

implantitis. In three patients, pus and pain were

observed together. These three patients were affected by

serious peri-implantitis; two of them loss the totality of

their fixtures and also experienced prosthesis failure.

No paresthesia and no prosthetic complications

were registered in the whole sample.

Peri-Implant MBLCs

At T2, in 66 patients with 190 fixtures, the mean peri-

implant MBLC was −1.19 mm 1 0.87 mm (−1.18 mm 1

0.85 mm in the mesial site and −1.21 mm 1 0.89 mm in

the distal site).

MBLC did not differ among patients with different

prosthetic rehabilitations (one-way anova: F = 0.53,

p = .662). Estimated means for MBLC were −1.16 mm 1

0.32 in patients with total removable denture on ball

attachment (superior); −1.03 mm 1 0.30 in patients

with total removable denture on ball attachment (infe-

rior); −1.11 mm 1 0.4 in patients wearing partial fixed

prosthetic bridges (cemented); and −1.07 mm 1 0.44 in

patients with single crowns (cemented). A nonparamet-

ric Kruskal–Wallis test for independent samples con-

firmed the absence of statistical differences in MBLC

levels among the four groups of patients (test statis-

tic = 1.35, p = .716).

DISCUSSION

This clinical trial aimed to evaluate the survival of

implant-prosthetic rehabilitation in controlled HIV-

positive patients with a stable disease, requiring implant

rehabilitation, with good oral hygiene. A cumulative sur-

vival rate of 92.11% was reported. Other authors7,18–20

reported higher survival rates of implants placed in

HIV-positive patients, similar to the healthy population.

In a pilot study by Oliveira and colleagues,18 60

dental implants were placed in the posterior mandibles

of 40 volunteers, divided into three groups: the first

group was composed of HIV-positive patients receiving

protease inhibitor (PI)-based HAART; the second

was composed of HIV-positive patients receiving

non-nucleoside reverse transcriptase inhibitor-based

HAART (without PI); the third control group was com-

posed of HIV-negative participants. The authors

assessed peri-implant health 6 and 12 months after

implant loading. After a follow-up period of 12 months,

one patient died for exacerbation of AIDS, and the

remaining implants healed uneventfully, with a good

osseointegration. They concluded that the placement of

dental implants in HIV-positive patients is a reasonable

treatment option, with no statistically significant differ-

ences with healthy population, without evidence of pos-

sible increased risks associated with dental implant

placement in HIV-positive patients.

Kolhatkar and colleagues19 reported two cases of

immediate postextraction implants in HIV-positive

Implants in HIV Patients 7
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patients with 100% success and, reviewing the literature

about implantology in HIV-positive patients, described

a total success rate up to 98.6%.

Moreover, Stevenson and colleagues10 reported a

100% success rate in overdenture supported by two

implants in HIV-positive patients compared with

healthy subjects.

However, in the current literature, there are no

studies with implant placements in more than 20 HIV

patients, and often, single case reports were published

and smokers were often excluded.7–9 In our study, 66

patients were followed with 190 implants; 42 of them

were smokers. Fifteen implants out of 190 (7.9%) in

nine patients were early lost (before 6 months from the

insertion), and prosthetic failure was registered before

T1 in two patients (2.9% of the patients) who had suf-

fered early implant failures.

In healthy subjects with healthy tissues and appro-

priate biomechanical load, long-term success rates of

93% to 98% for the fixtures have been described,20–22

and early failure is generally reported in a percentage of

3% due to lack of osseointegration.23 In the present

study, early implant failure was caused by primary infec-

tion (before loading) which occurred in five implants

out of 190 (2.7%) in two patients. Peri-implantitis was

detected in 10 implants out of 190 (5.2%) (seven

patients) and led to implant loss. Two patients experi-

enced both primary infections and peri implantitis.

This higher incidence of infections could probably be

linked to immunologic condition, considering that oral

hygiene was maintained at a good acceptable level, in

which oral indices (mPI and mBI) did not show statis-

tically significant changes over time (Figure 3). Possible

clinical suggestion is to do a meticulous follow-up and

increase the antimicrobial control in HIV patients.

Clinically suggestive is the presence of deep pockets

around implants (mean value 6.5 mm 1 0.49), and PD

increased over time in the whole sample, from a mean

value of 6.5 1 0.49 mm to 7.5 1 0.51 mm, although a

good oral hygiene has been maintained. This trend,

although not statistically significant, could suggest a

possible correlation with the HIV-positive status of

these patients, but this data must be better investigated

by subsequent studies, recalling these patients 3 to 4

years after implant placement and re-evaluating their

PD.24,25

Mean bone loss was 1.19 mm 1 0.87 mm, slightly

higher than values found by Oliveira and colleagues

about in HIV-positive patients (0.47–0.49 mm).18

Perhaps the difference could be related to the presence

of smokers, as Oliveira and colleagues18 did not

include smokers, or to the fact that bone loss was mea-

sured from implant insertion and not from implant

loading.

However, other studies measured bone loss from

implant placement in healthy patients, including

smokers of less than 10 cigarettes/day, and reported

similar values.17,26,27

At 1-year follow-up, all remaining fixtures achieved

good osseointegration, documented by orthopantomo-

graph and, clinically, by stability, absence of pain on

percussion, and presence of infection. A good healing of

the soft tissues and absence of prosthetic complications

were observed in all the patients.

However, the present study presents some limits.

Significant interpatient heterogeneity was recorded for

the values of periodontal health, which could affect the

results and the role of patient-related aspects (smoking

habits, oral hygiene, CD4+ level), which could poten-

tially influence periodontal health, and implant survival

will be analyzed in a following paper.

A specific type of micro-rough implant surface,

obtained with a galvanostatic anodizing process in a

phosphate–sulfate bath, was used. The surface rough-

ness could have an influence on the onset of peri-

implantitis. The eventual influence of surface roughness

will be investigated in a future trial.

The patients were followed in a specialized center,

with expert clinicians working in collaboration with an

infection center, so the generalization of the results

should be considered. Expert clinicians and specialized

hospitals seem much more adequate – with respect to

private medical practice – to properly select HIV

patients eligible for implantology and for the strict

follow-up needed by these patients. In particular, infec-

tious disease specialists could have an important role in

determining the parameters to monitor the status of

the systemic immune system of HIV-positive patients

and to collaborate actively in the selection of patients

at lower risk for implant-prosthetic rehabilitation

treatment.

The results suggest that HIV patients should be

included in a strict follow-up protocol monitoring oral

hygiene and peri-implant health, mostly during the early

phase of implant healing (0–6 months), to manage

undesired complications and early implant failure.
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CONCLUSIONS

Within its limits, the study showed that in a well-

controlled population of HIV patients who maintained

proper oral hygiene and accepted to follow a proper

professional maintenance protocol, implant rehabilita-

tion can be a suitable options with results slightly worse

to those obtained in normal population. A higher inci-

dence of peri implant infections in the first six months

was present pointing to the need of a proper protocol of

infection control.

ACKNOWLEDGMENT

This study was co-funded by the Italian Ministry of

Health, protocol number RF-FSR-2007-646412.

REFERENCES

1. Murphy R. Treatment of HIV infection. In: Crowe S, Hoy J,

Mills J, eds. Management of the HIV infected patient. 2nd

ed. London: Martin Dunitz Ltd., 2002:117–128.

2. Passaes CP, Saez-Cirion A. HIV cure research: advances and

prospects. Virology 2014; 454–455:340–352.

3. Bergendal B. Evidence and clinical improvement: current

experiences with dental implants in individuals with rare

disorders. Int J Prosthodont 2006; 19:132–134.

4. Hwang D, Wang HL. Medical contraindications to implant

therapy: part II: relative contraindications. Implant Dent

2007; 16:13–23.

5. Patton L, Glick M. Clinician’s guide to treatment of HIV-

infected patients. 3rd ed. Baltimore, MD: American Academy

of Oral Medicine, 2001.

6. Alves M, Mulligan R, Passaro D, et al. Longitudinal evalua-

tion of loss of attachment in HIV-infected women compared

to HIV-uninfected women. J Periodontol 2006; 77:773–779.

7. Achong RM, Shetty K, Arribas A, Block MS. Implant in

HIV-positive patients: 3 case reports. J Oral Maxillofac Surg

2006; 64:1199–1203.

8. Baron M, Gritsch F, Hansy AM, Haas R. Implants in HIV-

positive patient: a case report. Int J Oral Maxillofac Implants

2004; 19:425–430.

9. Strietzel FP, Rothe S, Reichart PA, Schmidt-Westhausen AM.

Implant-Prosthetic treatment in HIV-infected patients

receiving highly active antiretroviral therapy: report of cases.

Int J Oral Maxillofac Implants 2006; 21:951–956.

10. Stevenson GC, Riano PC, Moretti AJ, Nichols CM,

Engelmeier RL, Flaitz CM. Short-term success of

osseointegrated dental implants in HIV-positive Individuals:

a prospective study. J Contemp Dent Pract 2007; 8:1–10.

11. Buser D, Mericske-Stern R, Dula K, Lang NP. Clinical expe-

rience with one-stage, non-submerged dental implants. Adv

Dent Res 1999; 13:153–161.

12. Albrektsson T, Isidor F. Consensus report in Session V. In:

Lang NP, Karring T, eds. Proceedings of the 1st European

workshop on periodontology. London: Quintessence,

1993:365–369.

13. von Elm E, Altman DG, Egger M, et al. The Strengthening

the Reporting of Observational Studies in Epidemiology

(STROBE) statement: guidelines for reporting observational

studies. J Clin Epidemiol 2008; 61:344–349.

14. Hanson BP. Designing, conducting and reporting clinical

research. A step by step approach. Injury 2006; 37: 583–

594.

15. Misch CE. Divisions of available bone in implant dentistry.

Int J Oral Implantol 1990; 7:9–17.

16. Misch CE. Bone classification, training keys to implant

success. Dent Today 1989; 8:39–44.

17. Crespi R, Capparé P, Gherlone E. A 4-year evaluation of the

peri-implant parameters of immediately loaded implants

placed in fresh extraction sockets. J Periodontol 2010;

81:1629–1634.

18. Oliveira MA, Gallottini M, Pallos D, Maluf P, Jablonka F,

Ortega KL. The success of endosseous implants in human

immunodeficiency virus-positive patients receiving anti-

retroviral therapy. A pilot study. J Am Dent Assoc 2011;

142:1010–1016.

19. Kolhatkar S, Khalid S, Rolecki A, Bhola M, Winkler JR.

Immediate dental implant placement in HIV-positive

patients receiving highly active antiretroviral therapy: a

report of two cases and a review of the literature of implants

placed in HIV-positive individuals. J Periodontol 2011;

82:505–511.

20. Shetty K, Achong R. Dental implants in the HIV-positive

patient. Case report and review of the literature. Gen Dent

2005; 53:434–437.

21. Papaspyridakos P, Mokti M, Chen CJ, Benic GI,

Gallucci GO, Chronopoulos V. Implant and prosthodontic

survival rates with implant fixed complete dental prostheses

in the edentulous mandible after at least 5 years: a systematic

review. Clin Implant Dent Relat Res 2014; 16:705–717.

22. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A

systematic review of the survival and complication rates of

implant-supported fixed dental prostheses (FDPs) after a

mean observation period of at least 5 years. Clin Oral

Implants Res 2012; 23(Suppl 6):22–38.

23. Han HU, Kim S, Han DH. Multifactorial evaluation of

implant failure: a 19-year retrospective study. Int J Oral

Maxillofac Implants 2014; 29:303–310.

24. Manor Y, Oubaid S, Mardinger O, Chaushu G, Nissan J.

Characteristics of early versus late implant failure: a retro-

spective study. J Oral Maxillofac Surg 2009; 67:2649–2652.

25. Patton LL, Shugards DA, Bonito AJ. A systematic review of

complication risks for HIV-positive patients undergoing

invasive dental procedures. J Am Dent Assoc 2002; 133:195–

203.

Implants in HIV Patients 9



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

351

2015

26. Prosper L, Crespi R, Valenti E, Capparé P, Gherlone E. Five-

year follow-up of wide-diameter implants placed in fresh

molar extraction sockets in the mandible: immediate versus

delayed loading. Int J Oral Maxillofac Implants 2010;

25:607–612.

27. Crespi R, Capparé P, Gherlone E. Immediate versus delayed

loading of dental implants placed in fresh extraction sockets

in the maxillary esthetic zone: a clinical comparative study.

Int J Oral Maxillofac Implants 2008; 23:753–758.

10 Clinical Implant Dentistry and Related Research, Volume *, Number *, 2015



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

352

2015

Topic: Implant therapy outcomes, surgical aspect                                                                    

References

Conclusions

Background and Aim

             MINIMALLY INVASIVE FLAP TECHNIQUE 
                    FOR KERATINIZED GINGIVA PLACEMENT AROUND IMPLANTS

          Dott. Pierluigi Pelagalli – Dott. Gian Luca Carlesi
         Private practice Rome

310

1. Shropp L., Wenzel A., Kostopulos L., Karring T. Bone healing and soft tissue contour changes following
single-tooth extraction: A clinical and radiographic 12 months prospective study Int J Perio Rest Dent 2003;
23:313-323

2. Linkevicius T., et al. - The Influence of Soft Tissue Thickness on Crestal Bone Changes Around Implants: A
1-Year Prospective Controlled Clinical Trial  -  - J Oral Maxillofacial Implants 2009; 24:712-719

3. Lin GH, Chan HL, Wang H - The Significance of Keratinized Mucosa on Implant - Health: A Systematic
Review. J Periodontol. 2013 Mar

The aim of this study is to asseverate the validity of a surgical technique
called Minimally Invasive Flap (MIF) which with a very limited invasivity at
the level of the soft tissues lead to an increase of the perimplant
keratinized bandwidth.
MIF technique is applied in cases where, although the gingival tissues
are still  preserved, the  opercolarization of a  flapless approach is
excessively mutilating and does not guarantee the preservation of an
adeguate band of keratinized gingiva, and when an apical repositioned
flap  have to be considered excessively intrusive.
MIF technique has the purpose , through a minimally invasive partial
thickness flap, to move the crestal keratinized gingiva  buccally and to
reposition the mucogingival line more apical.

The presence of an adeguate width of keratinized gengiva around
implants is an essential condition for long maintenance of implant health.
That condition  achieve more natural  perimplant prostetic profiles,  a
more easy cleneability, a more resistence to bacterial attack of oral
enviroment. After tooth extraction occurs a reduction of the amount of
keratinized gingiva due to the contraction of the tissues in the early
stages of healing.
Therefore the restoration of an adequate proportion of keratinized
gingiva around the implant is essential for a proper placement of a dental
implant. Usually at the second stage of implant surgery is necessary to
lift a partial thickness flap to reposition the keratinized gingiva from the
top of the ridge to the buccal side of the implant suturing it to the
periosteum, meanwhile a flapless approach results in a execution of an
operculum of keratinized tissue whose  margins, in many cases can be
too close to the mucogengival line, not guaranteeing a minimum
bandwidth of keratinized gengiva.
Current implant surgery looks more and more towards a minimally
invasive approach and therefore the opportunity to perform techniques
ensuring less morbility for patient, less bone resorption around implants,
less surgical sessions.
In this study, we propose a surgical technique that, without lifting a flap,
allows us to gain an amount of keratinized gingiva at the same time of
implant placement, reducing the number of surgery stages and the
invasiveness of the procedure.

The indication of the tecnique is in cases where the residual amplitude
of keratinized gingiva is between 6 and 8 mm.
We selected 20 cases to evaluate the average gain of keratinized
gingiva with the approach of minimally invasive flap.
We measured the amplitude of keratinized tissue  prior to implant
placement (T0), immediately after insertion(T1), at three months, before
the protesitation (T2) ,at 6 (T3)  and 12 (T4)  months after insertion.
We expect  an increase of the band of keratinized gingiva that be stable
after surgery.
Trasmucosal implants with large prosthetic platform or submerged
implants with dedicated trasmucosal screws were  used  to help buccal
stabilisation of the flap.

The surgical tecnique (MIF) allows to increase the amount of
perimplant keratinized gingiva by a mini invasive partial-thickness flap
at the same time of first surgery without additional interventions.
For the type of approach, for the amount of the gain of tissue, the
technique appears to be limited to cases in which is needed an
improvement of the prostetic profile of the implant and in which there is
not  a severe deficiency of keratinized gingiva.
The tecnique need medium and long term followup to confirm clinical
results obtained.
The technique have to be applicated at selected cases, and always not
in substitution of tissue regeneration procedures.

Abstract

Results

Methods and Materials

Presented at

Surgical Technique

A partial thickness flap was made by an incision along axis of adiacent
teeth, without involving papille, with a scharp horizontal dissection in
buccal side. The dissection extends till mucogengiva line, mesially and
distally the programmed implant position. No releasing incision was
made. The pocket flap obtained have the sufficient mobilization to be
moved in buccal and apical direction by only the pressure  imprinted by
the trasmucosal platform of inserted implant. Usually no suture is
necessary becouse flap results sufficiently stable.
Healing is made by first intention.

In all 20 patients was obtained an augmentation of band of keratinized
tissue between 3 and 5 mm, The apical migration of mucogengival
junction was observed in totality of cases. The neck of implants was
allways sorrounded by a wide keratinized band.
The healing time is less than an apical repositionig flap becouse the
healing is always by first intention due to no presence of granulation
tissue.The morbility is comparable at flapless implant insertion.
The tecnique reduce the surgical session: no second surgery is needed.
The healing period of mucosal tissues coincides with osteointegration
period reducing the cumulative treatment time.
The prosthetic neck of implants results more natural and esthetic, easy to
clean by oral hygiene aids.
The gain of keratinized gingiva appear stable during one year follow up.

Case 1

Case 2

Case 3
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Scopo del lavoro
Scopo del lavoro è presentare i vantaggi del Digital Smile De-
sign (DSD), una tecnica computerizzata per progettare il caso 
clinico, che permette di lavorare con foto e video dei pazienti. 
La moderna tecnologia digitale, unita all’esperienza ed alla 
sensibilità estetica dell’odontoiatra, è fondamentale ai fini del 
successo del Digital Smile Design, che offre al paziente miglio-
re pianificazione dell’iter terapeutico e maggiore predicibilità di 
risultati estetici finali. Il DSD rappresenta quindi uno strumento 
per migliorare la comunicazione e il confronto con il paziente, 
grazie al fatto che, attraverso l’uso di immagini elaborate, sarà 
possibile vedere sul monitor digitale le fotografie prima/dopo.

materiali e metodi
Viene presentato il caso di una paziente di anni 60 sottopo-
sta ad una riabilitazione protesica fissa implanto-supportata 
nell’arcata superiore e ad una riabilitazione protesica fissa su 
denti naturali nell’arcata inferiore. Il protocollo DSD (Digital 
Smile Design) utilizzato ha previsto innanzitutto l’acquisizione 
delle immagini del paziente a mezzo di fotografie digitali e 
video, che hanno consentito di rilevare le fasi dinamiche del 
sorriso (mimetica, fonetica, rapporti dento-labiali). Il passo 
seguente è stato il virtual planning, attraverso l’elaborazione 
delle immagini, a cui sono seguiti il wax up diagnostico digitale 
ed analogico, il mock up, la realizzazione del provvisorio e del 
restauro definitivo.

riSultati e concluSioni
Il caso presentato dimostra come anche nelle riabilitazioni 
complesse la programmazione virtuale del piano di trattamento 
è uno strumento utile sia per l’odontoiatra, che riesce in questo 
modo a trasmettere più informazioni possibili  e dettagliate al 
proprio odontotecnico, sia per il paziente, che riesce ad avere in 
anteprima un’idea precisa del timing operativo e di quale sarà il 
risultato finale del trattamento a cui si sottoporrà, interagendo 
in maniera esplicita con l’odontoiatra. Il risultato estetico finale 

ottenuto, nel caso presentato, è sovrapponibile al progetto 
virtuale iniziale e dimostra, pertanto, che il DSD è un valido 
strumento anche in implantologia.

L’estetica del sorriso è una nuova disciplina 
odontoiatrica che si ispira al concetto di bel-
lezza risalente alle teorie matematiche del-

le proporzioni del viso dell’antica Grecia, all’epo-
ca rinascimentale italiana e a innumerevoli studi 
sull’argomento.
Il sorriso, poiché posto al centro del viso, è al cen-
tro della comunicazione espressiva ed emotiva del 
soggetto; quindi una buona estetica del sorriso è da-
ta dalla armonicità con le proporzioni del viso e dal-
la coerenza con la personalità e con l’emotività del-
la persona.
Oggi l’uso di software 2D e 3D, associato al fotori-
tocco, offre la possibilità di elaborare dati e para-
metri personalizzandoli per ogni specifica esigenza 
clinico-estetica.
La soddisfazione del paziente per il risultato del trat-
tamento estetico a cui si sottopone dipende dalla ca-
pacità dell’odontoiatra di capire le sue esigenze ed i 
suoi desideri e di trasferire tali informazioni al pro-
prio odontotecnico. In questo contesto si colloca il Di-
gital Smile Design, una tecnica computerizzata per 
progettare il caso clinico, che permette di lavorare 
con foto e video dei pazienti (1, 2, 3, 4). Il protocollo 
prevede innanzitutto l’acquisizione di fotografie di-
gitali e video del paziente, che consentano di rileva-
re le fasi dinamiche del sorriso (mimetica, fonetica, 
rapporti dento-labiali). L’importazione di questi da-
ti è ovviamente complementare all’anamnesi, poiché 
parte integrante dell’esame obiettivo intra ed extra 
orale. Il passo seguente è il virtual planning attra-
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presentva un quadro di parodontopatia 
cronica diffusa con mobilità dei monco-
ni protesici dell’arcata superiore. L’arcata 
inferiore mostrava un quadro parodonto-
patico meno grave con assenza degli ele-
menti 3.4, 3.6, 3.7, 4.4, 4.6, 4.7 (figg. 5 e 6).
La paziente ha rifiutato di sottoporsi ad 
interventi di rigenerazione ossea, per-
tanto il piano di trattamento elaborato ha 
previsto per l’arcata superiore una riabi-
litazione implantoprotesica, estraendo gli 
elementi dentari compromessi ad ecce-
zione dei due canini che sono stati man-
tenuti anche nella protesizzazione defini-
tiva. Nell’arcata inferiore, considerando 
lo spessore esiguo della cresta, la ridotta 
altezza ossea e la richiesta esplicita della 
paziente di non volersi sottoporre ad ulte-
riori interventi, si è deciso di recuperare 
dal punto di vista parodontale gli elemen-

do invariate le misure anatomiche; sarà 
così possibile effettuare un calcolo af-
fidabile della futura composizione den-
tale, non solo esteticamente ma anche 
funzionalmente

materiali e metodi

Descrizione del caso
Paziente di sesso femminile, età 60 anni, 
si è presentata presso la nostra struttura 
lamentando difficoltà alla masticazione, 
mobilità degli elementi dentali dell’arca-
ta superiore, mancanza di alcuni  elemen-
ti dentali nell’arcata inferiore ed espri-
mendo il desiderio di migliorare l’estetica  
del suo sorriso. All’anamnesi non si regi-
stravano patologie di rilievo e la pazien-
te riferiva di fumare circa 20 sigarette al 
giorno. All’esame clinico e radiografico si 

verso l’elaborazione delle immagini, a cui 
seguirà il wax up diagnostico digitale ed 
analogico, il mock up, la realizzazione del 
provvisorio e del restauro definitivo (figg. 
1, 2 e 3).
La posizione più corretta per ritrarre il vi-
so del paziente è quelle relativa al piano 
estetico, perpendicolare al piano che cor-
re al centro dell’angolo che si forma tra il 
piano di Francoforte e quello di Camper.
Per quanto riguarda l’importazione del-
le reali misure del soggetto fotografato è 
possibile usare strumenti di misurazio-
ne “artigianali”, come squadre e righelli, 
preferibilmente metallici, in modo da po-
terli sterilizzare. Per avere una misura-
zione precisa e dettagliata degli elementi 
dentali e dei parametri gengivali, si può 
fare uso di calibri digitali. Le misure così 
ottenute risulteranno efficaci nella comu-
nicazione tra odontoiatra e odontotecnico 
e verranno tradotte nella ceratura diagno-
stica tridimensionale e nei consecutivi 
mock-up che verranno presentati ed ana-
lizzati direttamente nel cavo orale del pa-
ziente (5, 6, 7, 8).
L’elaborazione digitale delle immagini 
può essere eseguita con diversi software 
facilmente reperibili sul web freeware o 
a pagamento; nel nostro protocollo abbia-
mo utilizzato il Keynote (applicazione di 
presentazione sviluppata da Apple per le 
piattaforme Mac OS X), che rende sempli-
ce lo Smile Design grazie al disegno den-
tale schematizzato con veri e propri outli-
ne (contorni digitali). Inoltre abbiamo 
creato la libreria Digital Dental Photos 
Database, comprendente tipologie diver-
se di dentature relativamente alla forma e 
al colore, quest’ultimo facilmente modifi-
cabile in relazione alla quantità e qualità 
di luce (fig. 4). Sono disponibili anche li-
brerie dentali preformate per protesi mo-
bili fornite dalle aziende leader nel setto-
re; inoltre è possibile creare delle smile 
library costituite da fotografie con visi di 
modelli e modelle sorridenti, le cui denta-
ture possono essere estrapolate e utiliz-
zate per l’elaborazione delle immagini (9, 
10, 11, 12, 13).
La trasposizione deve essere calibra-
ta, cioè gli elementi devono essere spo-
stati nelle posizioni desiderate mantenen-

Fig. 1
Digital Smile Design.

Fig. 2
Strumentazione 
digitale.

Fig. 3
Protocollo DSD.

Fig. 4
Digital Dental Design.
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Vengono misurate le proporzioni corret-
te e disegnate le linee ai margini di ogni 
dente anteriore, l’asse dei denti, i contor-
ni delle labbra e la linea del sorriso. Suc-
cessivamente il progetto virtuale viene 
inviato al laboratorio; rilevate le impronte 
delle arcate dentarie del paziente, viene 
fabbricato un modello in gesso sul quale 
viene modellata la nuova sagomatura dei 
denti corrispondente allo studio esegui-
to con lo Smile Design. Su questo modello 
cerato viene poi stampata una mascheri-
na di silicone, che fungerà da stampo per 
fabbricare la mascherina in resina acrili-
ca che il paziente indosserà direttamente 
sui propri denti, visualizzando immedia-
tamente quello che sarà il risultato este-
tico finale.
Sulla base del mock-up e delle modifiche 
ad esso apportate, vengono realizzati dap-
prima i provvisori ed infine il manufatto 
protesico definitivo (figg. 8a-8h).

Procedure chirurgiche e protesiche
Previa bonifica degli elementi dentari 
dell’arcata superiore, ad eccezione degli 
incisivi centrali e dei canini, si procede 
all’inserimento degli impianti sommer-
si (Winsix, Biosafin) in posizione 1.2, 1.4, 
1.5 e 2.2, 2.4, 2.5 (figg. 9 e 10). I lembi ven-
gono suturati con filo in seta 4/0. Subito 
dopo la fase chirurgica, si ribasa un prov-
visorio armato in resina acrilica prece-
dentemente preparato sulla base della ce-
ratura diagnostica e del progetto virtuale 
(DSD), che viene cementato sugli elemen-
ti dentari residui (figg. 11 e 12).
Nell’arcata inferiore vengono preparati i 
monconi protesici che supporteranno un 
provvisorio in resina acrilica precedente-
mente preparato.
La paziente viene così dimessa con tera-
pia farmacologica di supporto antibiotica 
e antidolorifica e le suture rimosse dopo 7 
giorni. Dopo 4 mesi dalla fase chirurgica, 
stabilizzati i tessuti ed avvenuta l’osteoin-
tegrazione, si procede alla riapertura de-
gli impianti ed all’avulsione degli incisivi 
centrali, quindi vengono prese le impron-
te e si procede  al confezionamento di  un 
secondo provvisorio a supporto implan-
tare (figg. 13 e 14). A distanza di 6 mesi 
dal secondo provvisorio vengono prese le 

ne virtuale della riabilitazione protesica, 
utilizzando delle smile library, costituite 
da prototipi di denti, di forma e dimensio-
ni diverse.
Il primo passo è stato quello di tracciare 
sulla foto extraorale frontale del pazien-
te una linea orizzontale ed una vertica-
le. L’immagine viene centrata, spostata e 
ruotata fino a quando la linea bipupillare 
diventa orizzontale, successivamente vie-
ne definita la linea mediana del viso.

ti dentari residui  ed eseguire un riabili-
tazione protesica fissa.
La progettazione del caso clinico è stata 
eseguita mediante l’utilizzo del Digital 
Smile Design, con l’impiego della piatta-
forma Mac OS X e del programma Keyno-
te. Le fotografie ed i video raccolti (figg. 
7a, 7b e 7c) sono stati scaricati e inseri-
ti nella presentazione di Keynote, quindi 
si è proceduto all’analisi estetica digita-
le del volto e del sorriso  ed all’elaborazio-

Fig. 5
Ortopantomografia 
iniziale.

Fig. 6
Full radiografico.

Figg. 7a, 7b e 7c
Documentazione 
fotografica iniziale.
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impronte deifinitive e viene realizzatata 
una struttura in lasermelting e ceramica 
nell’arcata superiore, in zirconia nell’ar-
cata inferiore. Le strutture sono realizza-
te sovrapponendo con il CAD i provvisori 
alle impronte definitive (figg. 15-19).

diScuSSione

Per individuare il piano di trattamento e 
i risultati clinici, l’odontoiatra deve discu-
tere con il paziente una serie di fattori, 
tra cui le aspettative personali riguardo 
al risultato estetico e funzionale, la pro-
gnosi a lungo termine, il numero di den-
ti interessati ed il materiale restaurativo 
da impiegare. 

Fig. 9
Avulsione
degli elementi 
dentari 
ed inserimento
degli impianti.

Fig. 10
Ortopantomografia 
postoperatoria.

Fig. 8a  Virtual Planning.

Fig. 8c  Virtual Planning.

Fig. 8e  Virtual Planning.

Fig. 8g  Virtual Planning.

Fig. 8b  Virtual Planning.

Fig. 8d  Virtual Planning.

Fig. 8f  Virtual Planning.

Fig. 8h  Analisi prima/dopo. 
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dopo, indice di predicibilità ed elemen-
to di confronto esplicito con il pazien-
te stesso. L’utilizzo del DSD può essere 

fatto che, proprio attraverso l’uso di im-
magini elaborate, sarà possibile vedere 
sul monitor digitale le fotografie prima/

Il Digital Smile Design rappresenta quin-
di uno strumento per migliorare la comu-
nicazione con il paziente, considerando il 

Fig. 11  Ceratura diagnostica.

Fig. 13  Impronte degli impianti osteointegrati.

Fig. 15  Impronte per realizzazione del definitivo.

Fig. 17  Situazione intraorale con monconi definitivi.

Fig. 19  Ortopantomografia finale. Figg. 18a e 18b  Finalizzazione protesica.

Fig. 12  Primo provvisorio post chirurgia.

Fig. 14  Secondo provvisorio a supporto implantare.

Fig. 16  Elaborazione CAD.
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netics, dental-labial relationships). The next step 
was the virtual planning, that is image processing, 
which was followed by the digital and analogic 
diagnostic wax-up, the mock-up and subsequen-
tly the placement of the temporary and, eventual-
ly, the final prostheses.

results anD conclusions
The case reported shows how, even in complex 
rehabilitations, virtual treatment planning is a 
useful tool for both the dentist, who can supply 
clearer and more detailed information to the den-
tal technician, and the patient, who can better un-
derstand operative timing and the final results of 
the treatment, and hopefully be more compliant. 
The final aesthetic result of the case reported is 
very similar to the initial virtual plan, thus showing 
that DSD is a valid tool also in oral implantology.

aim of the work
Digital Smile Design (DSD) is a computer pro-
gramme for  treatment planning based on pho-
tographs and videos of the patient. Modern di-
gital technology combined with experience and 
aesthetic sensitivity of the dentist is the basis of 
the success of DSD in predicting the final aesthe-
tic result and planning the procedures. DSD is a 
tool that improves communication with patients: 
image processing enables to show them on a digi-
tal monitor the final outcome before starting tre-
atment, which can be better understood by the 
patient.

materials anD methoDs
We  report the case of a 60 years old female pa-
tient requiring an implant-supported fixed pro-
sthesis in the upper jaw and a fixed prosthodon-
tic rehabilitation on natural teeth in  the lower jaw. 
The DSD protocol enabled, through the use of 
images and videos of the patient, to show her the 
dynamic phases of the smile (camouflage, pho-

fatto in odontoiatria estetica adesiva, in 
protesi, ortodonzia, parodontolologia ed 
implantologia.

concluSioni

Il caso presentato dimostra come anche 
nelle riabilitazioni complesse la program-
mazione virtuale del piano di trattamento 
sia uno strumento utile sia per l’odontoia-
tra,  che riesce in questo modo a trasmet-
tere più informazioni possibili e detta-
gliate al proprio odontotecnico, sia per il 
paziente, che riesce ad avere in antepri-
ma un’idea precisa del timing operativo 
e di quale sarà il risultato finale del trat-
tamento a cui si sottoporrà, interagendo 
in maniera esplicita con l’odontoiatra. Il 
risultato estetico finale ottenuto, nel caso 
in questione, è sovrapponibile al progetto 
virtuale iniziale e dimostra pertanto che 
il DSD è un valido strumento anche in im-
plantologia. ● 
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Materiali e Metodi. Sono stati 
valutati 3312 impianti posizionati 
in 1537 pazienti tra marzo 2006 
e marzo 2015 presso l’Unità 
Operativa Complessa di Odon-
toiatria dell’I.R.C.C.S. Ospe-
dale San Raffaele di Milano. Di 
questi impianti, 2673 sono stati 
posizionati in 1427 pazienti che 
si sottopongono con regolarità 
a programma di mantenimento 
presso il Centro di Igiene Ora-
le e Prevenzione attivo presso 
l’U.O.C. Odontoiatria 
(Grafico 1)

I restanti pazienti, invece, non 
hanno aderito al programma di 
mantenimento. Nei pazienti sot-
toposti a mantenimento è stato 
possibile rilevare, per ciascun 
impianto, l’insieme dei parametri 
clinici atti a valutare lo stato di 
salute del sito implantare: pro-
fondità di sondaggio (PPD), san-
guinamento a sondaggio (BoP), 

segni radiografici di evidente ri-
assorbimento osseo perimplan-
tare e mobilità.

Analisi dei dati. Sul campione di 
3312 impianti, l’1.99%, pari a 66 
unità posizionate in 63 pazienti, 
sono andati incontro a fallimen-
to, mostrando un dato percen-
tuale di incidenza di insuccesso 
allineato ai valori osservabili in 
letteratura
(Grafico 2).

É stato osservato come, tra i 
66 impianti falliti, 18 erano stati 
posizionati in soggetti dediti al 
tabagismo e 37 in pazienti già 
colpititi da parodontite. Restrin-
gendo l’analisi solo ai pazienti 
sottoposti a follow-up, l’inciden-
za di fallimento scende al valore 
percentuale dell‘1.35%, per tota-
li 36 impianti. Sempre tra questi 
pazienti, il valore medio della 
PPD (Grafico 3), 

rilevato in quattro siti per ciascun 
impianto, si dimostra nel 84,7% 
dei casi < 4mm (9056 siti di son-
daggio su 10692 complessivi).
Analizzando infine i dati relativi 
ai valori medi dell’indice di plac-
ca secondo O’Leary (PI) e di san-
guinamento (BoP) nei pazienti in 
mantenimento, nei soggetti an-
dati incontro a fallimento si è os-
servato per entrambi i parametri 
un valore medio nettamente più 
alto rispetto ai valori osservati 
tra coloro che invece mostrano 
buone condizioni di salute dei 
tessuti perimplantari: nello spe-
cifico, tra i pazienti in buone con-
dizioni di salute dei tessuti pe-
rimplantari il dato medio del PI è 
del 16,5% e per quanto riguarda 
il BoP del 5,9%. Nei pazienti an-
dati incontro a fallimento implan-
tare i valori medi si attestano in-
vece, rispettivamente, al 42,3% 
ed al 61,5% (Grafico 4).

RICERCA CONTINUA

• Impianti in follow up
• Drop-out

• Impianti in successo
   sopravvivenza
• Impianti falliti

• PPD<4 mm  
• PPD>4 mm  
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Conclusioni. Nella ricerca del successo a lungo termine delle riabilitazioni protesiche a supporto im-
plantare, un programma di mantenimento calibrato in base alle specifiche peculiarità del paziente risulta 
essere un fattore fondamentale, in quanto occasione utile a fare prevenzione della patologia perimplan-
tare ed a intercettare in fase precoce l’insorgenza di fenomeni infiammatori dei tessuti perimplantari e/o 
problematiche meccaniche dell’insieme implanto-protesico.
L’abbattimento dell’incidenza di fallimento osservato in pazienti afferenti ad un tale programma di follow-
up, pur in assenza di indagini relative ai fenomeni microbiologici alla base di questi risultati, può comun-
que essere ritenuto elemento probatorio dell’efficacia di un simile atteggiamento clinico.
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caso clinico del mese

novembre-dicembre 2015 • XXvi 09808

Il presente caso clinico descrive la 
riabilitazione implantoprotesica ma-
scellare di una paziente in esiti di 

fallimento implantare con grave compro-
missione degli elementi dentari residui. 
Si decide pertanto di rimuovere gli im-
pianti non osteointegrati mantenendone 
solo alcuni, inserendone altri con cari-
co immediato previa bonifica degli ele-
menti dentari residui. Viene realizzata 
quindi una riabilitazione fissa a suppor-
to implantare. Il risultato estetico finale 
dimostra un’ottima guarigione e gestione 
dei tessuti molli.

Riabilitazione estetica 
complessa in paziente con 
esiti di fallimento implantare

1
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Fig. 1

Ortopanoramica iniziale.

Fig. 2

Situazione iniziale, visione 
frontale: presenza di 

fistole in corrispondenza 
degli elementi dentari 
residui, incongruità del 
manufatto protesico.

Fig. 3

Situazione iniziale
dopo rimozione del

manufatto protesico.

Fig. 4

Situazione iniziale,
visione occlusale.

Fig. 5

Inserimento impianti.

angelo_cardarelli@libero.it
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Fig. 6 

Innesto connettivale 
perimplantare; vengono 
mantenuti gli impianti 

osteointegrati.

Fig. 7

Estrazioni dei denti residui, 
rimozione ed inserimento 

di nuovi impianti con 
carico immediato.

Fig. 8

Rimozione impianti
non osteointegrati.

Fig. 9

Guarigione
a 6 mesi.

Fig. 10

Finalizzazione
protesica.

Fig. 11

Situazione
finale.

Fig. 12

Situazione finale 
extraorale.

Fig. 13

Ortopanoramica
finale.

%
 im

g

15% 20%

le
g

en
da

diagnosi controllo

15%

studio

50%

trattamento

8 9

6 7

10 11

1312



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

366

2015



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

367

2015



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

368

2015



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

369

2015

Vol. 64 - Suppl. 1 al No. 2 MINERVA STOMATOLOGICA 211

 ABSTRACT

Application of innovative technologies in ae-
sthetic fixed prosthodontic 
F. Cattoni 1, F. Ferrini 1, M. Manacorda 1

1Department of Dentistry IRCCS San Raffaele Hospital, Mi-
lan, Italy, Dental School Vita-Salute San Raffaele University, 
Milan, Italy 

Aim. Aesthetics of the cranio-facial district is a disci-
pline that deals with the recovery of the patient’s func-
tions and natural harmony of hard and soft tissues. 

In detail, the aesthetics of the mouth aims for the 
same goal, with the same care: the restoration of func-
tion, in respect of the natural dental-tissue harmony. 
Purpose of this work is the evaluation of the applica-
bility in an aesthetic perspective of new technologies, 
sequentially applied to a single case report, in order to 
verify the clinical efficiency of these technologies, since 
the diagnostic to the end of the treatment. 

Methods. For diagnostic and therapeutic planning 
we used the Dental digitized design technique (Digital 
Smile Design), followed by a traditional objective and 
functional evaluation to confirm the diagnostic project. 
So we used a Laser Soft Tissue Design through the surgi-
cal protocol: 980 nm laser diode, previously enabled op-
tical fiber 300 micron, continuous wave 2 watts power, 
putting the instrument at 90 degrees from the tissue’s 
surface. 

Then we took an optical impression using an Intraoral 
Scanner (Carestream). 

The technical construction of the prosthodontic ele-
ments was processed via CAD/CAM. 

The patient is an adult, female, 24 years old, who 
needs restoration of the natural elements 11 and 21, for 
both functional and aesthetic purpose. The element 11 
is not vital, already reconstructed and needs an aesthetic 
crown in Lithium disilicate adhesively cemented. For the 
element 21, which is vital, an adhesively cemented Lithi-
um disilicate aesthetic veneer was planned. 

Results. The clinical case has been dealt with inno-
vative methods and there has been a good match of the 
digital design with the functional and aesthetic needs of 
the patient, both verified in the oral cavity in the provi-
sional as well as in the definitive stage. The result has 
been an ideal healing of the tissues post laser guided 
surgery and precision in the ultimate artifacts. 

Conclusions. The use of new digital and surgical 
technologies both in diagnostics and through the treat-
ment, aims to maximize the final result, prosthetically as 
well as aesthetically. 
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Equine and Porcine Bone Substitutes in Maxillary
Sinus Augmentation: A Histological and

Immunohistochemical Analysis of VEGF Expression

Stefano Tetè, MD, DDS,* Vincenzo Luca Zizzari, DDS,† Raffaele Vinci, MD, DDS,‡ Susi Zara, PhD,†
Umberto Di Tore, DDS,* Marco Manica, DDS,§ Amelia Cataldi, MD,† Carmen Mortellaro, MD, DDS,||¶

Adriano Piattelli, MD, DDS,* and Enrico Gherlone, MD, DDS‡

Abstract: The aim of this work was to investigate the morphologi-
cal structure and the expression of vascular endothelial growth fac-
tor (VEGF) after maxillary sinus augmentation through equine and
porcine bone substitutes in humans.

Ten patients showing edentulous posterior maxilla underwent max-
illary sinus augmentation through particulate equine bone substitute
and 10 patients through particulate porcine bone substitute. At the
moment of implants insertion, 6 months after grafting, bone speci-
mens were withdrawn and processed for morphological and immu-
nohistochemical analyses.

Notwithstanding the almost comparable clinical performances of
both bone substitutes, histological results showed a better integration
when an equine bone substitute was used compared to a porcine one.
In particular, evident signs of particles resorption were observed in
equine bone substitute group specimens compared to porcine ones.
Immunohistochemical analysis showed a statistically significant in-
crease of VEGF expression in equine compared to porcine bone sub-
stitute group specimens.

These results showed both bone substitutes to achieve compa-
rable clinical performance, indicating their successful use for bone
regenerative procedures. However, in the same experimental time,
equine group specimens showed evident resorption phenomena, where-
as no or little signs of resorption were evident in the porcine group
specimens. However, a more rapid and intense vascularization was
achieved in equine bone substitute group, as demonstrated by immu-
nohistochemical analysis for VEGF expression. Even if differences in
vascularization significantly affect the clinical performance of a heter-
ologous bone substitute, its ability to be resorbed is also very impor-
tant in influencing long-term integration and long-term predictability
of implant-prosthetic rehabilitation in regenerated sites.

Key Words: Equine bone substitute, porcine bone substitute,
maxillary sinus augmentation, immunohistochemical analysis, VEGF

(J Craniofac Surg 2014;25: 835–839)

To allow implant-supported rehabilitation of edentulous ridges af-
fected by severe bone atrophy, bone regeneration procedures are

often necessary. Especially in the posterior maxilla, after teeth extrac-
tion, alveolar bone undergoes remodeling phenomena together with
maxillary sinus hyperpneumatization, resulting in an insufficient bone
height to ensure stability to implant insertion.1 A classification of re-
sidual bone in the posterior maxilla was introduced with the purpose
of considering, besides the width and the height of the residual alveo-
lar bone, also the relationship between upper and lower jaw after the
remodeling phenomena take place.2 To correct severe bone defects
when the intermaxillary relationship is maintained and to have suit-
able prosthetic results, maxillary sinus augmentation procedure repre-
sents a valid treatment solution.3,4 In recent years, different materials
have been proposed and used to ensure bone regeneration through
grafting the maxillary sinus: intraoral or extraoral autologous bone,
homologous grafts, heterologous grafts, alloplastic grafts, or a combi-
nation of these.5–8 Autologous bone graft is still considered the gold
standard for bone regeneration. However, the morbidity involved with
its use may induce many patients to refuse this treatment. Instead, dif-
ferent heterologous bone substitutes were utilized for sinus augmen-
tation.9 As previously reported, heterologous biomaterials were found
to be as clinically efficient as autologous bone for their osteoconduc-
tive potential, though not much is known about their capability to be
fully resorbed or about the time they need to be entirely substituted
by newly formed bone.7 As the biological response of the host tissue
can be related to the biomaterial derivation and to the treatment it
underwent before its clinical use, attention was addressed on the in-
teractions occurring between bone substitutes and host tissue.9–11

Different heterologous biomaterials have been proposed for clinical
use in oral surgery; bovine-derived bone substitutes represent one of
the most popular and well-documented categories. They were de-
scribed to have osteoconductive properties and to be well integrated
in host bone tissue as shown in both in vitro histological and clinical
studies.12 However, the possibility of prion disease transmission as-
sociated with the use of this source of heterologous bone led to other
different sources for bone substitutes.13,14 In literature, few data are
reported concerning the use of equine or porcine bone substitutes.
Recent studies described equine-derived bone as being able to induce
osteoblast differentiation, to be resorbed in vitro by osteoclasts, and
to be successfully used in mandibular ridge augmentation.15,16 On
the other hand, porcine-derived bone may be successfully used to
obtain osteogenesis in guided bone regeneration techniques.17,18

Independently by their derivation, all bone substitutes from a non-
human mammal species must undergo a series of deantigenation pro-
cesses to make them suitable for clinical use by reducing antigenicity
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and any possible risks of cross-infections. One of the most utilized
way to completely eliminate the organic components (sugars, lipids,
proteins) of an animal-derived bone tissue is the thermal deantige-
nation at high temperatures (about 500–1200°C). Even if it allows
the removal of the entire organic component, thus avoiding the onset
of an immune response of the host, this treatment also modifies the
mineral structure of bone hydroxyapatite, and thus the resulting bio-
material usually possesses a reduced resorption potential. On the con-
trary, equine-derived bone substitutes are deantigenated by a proteolytic
process through digestive enzymes at about 37°C, selective for the
organic component, which leaves unaltered the ability of the bioma-
terial to be reabsorbed in vivo.19

The host tissue response to a bone substitute may be evaluated
by immunohistochemical analysis for the expression of molecules
specifically involved in the bone healing process.11 In this process,
vascular endothelial growth factor (VEGF) plays an important role.
VEGF is produced by endothelial cells and osteoblasts, and is in-
volved in initial bone remodeling phases because it regulates osteo-
blast evolution.20,21 VEGF is also capable of inducing the growth of
new blood vessels and plays a significant role in the preservation and
development of endothelial fenestrations,22,23 thus supporting new
blood vessels formation in the site of grafting, which is a fundamen-
tal phase for graft integration.

The aim of this work was to evaluate the morphological struc-
ture and the expression of VEGF after maxillary sinus augmentation
through equine and porcine bone substitutes in humans.

PATIENTS AND METHODS

Patients
Twenty patients, 8 males and 12 females, aged between 51

and 63 years, with inadequate bone volume in the posterior maxilla,
classified as class C according to Chiapasco’s classification of the
posterior maxilla,2 who were scheduled for maxillary sinus augmen-
tation procedures before implants placement, were included in this
study. All patients gave written informed consent in accordance with
the Local Ethics Committee, in compliance with Italian legislation
and with the code of Ethical Principles for Medical Research involv-
ing Human Subjects of the World Medical Association (Declaration
of Helsinki). The patients were randomly divided into 2 groups. Ten
patients (3 males, 7 females; age range 51–59) underwent maxillary
sinus augmentation procedure through a particulate bone substitute
of equine origin (BioBone Osteoconductor Mix; BioSAF IN S.r.l.,
Ancona, Italy), and 10 patients (5 males, 5 females; age range 52–63)
underwent maxillary sinus augmentation procedure through a parti-
culate bone substitute of swine origin (Gen-Os; Tecnoss, Turin, Italy).
BioBone Osteoconductor Mix is a resorbable, collagen-deprived, and
deantigenated osteoconductive biomaterial, obtained after deantige-
nation at 37°C in a humid atmosphere, made up of a corticocancel-
lous mixture of equine origin (particle width 0.5–1 mm). Gen-Os are
commercially available collagenated swine-derived corticocancellous
bone chips, with particle width between 250 and 1000 μm.

Before surgical procedures, patients underwent complete medi-
cal anamnesis and radiographic examinations, including orthopanto-
mography and cone beam computed tomography. All the selected
patients had healthy systemic conditions, including the absence of
any diseases that would contraindicate oral surgery. The exclusion cri-
teria were uncontrolled periodontal disease, sinusitis, severe illness,
unstable diabetes, drug abuse, a history of head and neck irradiation,
and chemotherapy. Moreover, antibiotic therapy (amoxicillin 875 mg/
clavulanic acid 125 mg, Augmentin, 2 g an hour before) was admin-
istered to all patients preoperatively.

Surgical Procedures
The soft tissue was incised and flapped back to expose the

underlying lateral wall of the maxillary sinus. The bone wall was then
removed with a piezoelectric instrument (Easy Surgery; BioSAF IN
S.r.l.) exposing the Schneiderian membrane. The membrane was
then cut back from the inner face of the lower portion of the maxil-
lary sinus cavity. The newly formed space within the bone cavity of
the sinus inferior to the intact membrane was filled with the hetero-
logous bone substitute and then covered by a collagen membrane
(BioBone Collagen Membrane; BioSAF IN S.r.l.).

Closure of the surgical access was obtained with 3-0 sutures
(Silkam/Virgin Silk; B. Braun Melsungen AG, Germany). For all
patients, the postoperative therapy protocol comprised administra-
tion of antibiotic (Augmentin) 2 g/day for 10 days, nonsteroidal anal-
gesic drug (ketoprofen, OKI; Dompè, L’Aquila, Italy) at a dose of
200 mg twice daily for 3 days, and cortisone (Betametason, Bentelan;
Defiante Farmaceutico, Madeira, Portugal) 4 mg/day for 2 days and
2 mg on day 3. Moreover, soft diet and oral hygiene, including rinsing
3 times daily with 0.2% chlorhexidine (Corsodyl; GlaxoSmithKline)
mouthwash and the application at the surgical site of 1% chlorhexi-
dine gel (Corsodyl), were prescribed. Sutures were removed 10 days
after the intervention and postoperative check-ups scheduled weekly
for the first month, and then monthly by clinical and radiographical
examination with periapical x-rays in the grafted area.

As postoperative healing was uneventful for all the patients,
after about 6 months they all underwent a second surgery for implant
placement. The implant features (diameter and length) were decided
according to the anatomic situation individuated by clinical and radio-
graphic examinations. However, all implants inserted had diameters
between 3.3 mm and 4.5 mm, and lengths between 9 mm and 13 mm.

During implant insertion, bone samples were retrieved by a
3-mm-diameter and 8-mm-height trephine bur under sterile saline
solution irrigation at the sites of implant placement to obtain
significant specimens of bone regenerated with both heterolo-
gous bone substitutes. Pharmacological protocol included antibiotic
(Augmentin 2 g an hour before) and nonsteroidal analgesic drugs
to be taken as required.

Light Microscopy and
Immunohistochemical Analysis

Bone specimens, fixed in phosphate-buffered formalin solu-
tion, were decalcified in 10% tetrahydrated EDTA solution according
to data sheet (MIELODEC kit; Bio-Optica, Milan, Italy), dehydrated
through ascending alcohol concentrations, and then paraffin-embedded,
to be sectioned at 5 μm thick. Sections were then dewaxed (alcohols
progressively lower concentrations) and processed for hematoxylin-
eosin staining and for immunohistochemical analysis.

Tissue sections with hematoxylin-eosin staining were observed
to detect the presence of area of tissue remodeling.

To detect VEGF, immunohistochemical analysis was per-
formed on 5-μm-thick tissue sections for each experimental speci-
men, by means of Ultravision LP Detection System HRP Polymer
and DAB Plus Chromogen (Lab Vision Thermo, Fremont, CA). Sec-
tions were incubated in the presence of rabbit polyclonal anti-VEGF
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) and succes-
sively in the presence of specific HRP-conjugated secondary antibody.
Peroxidase was developed using diaminobenzidine chromogen and
nuclei were hematoxylin counterstained. Negative controls were per-
formed by omitting the primary antibody.

Samples were then observed by means of Leica DM 4000 light
microscopy (Leica Cambridge Ltd, Cambridge, UK) equipped
with a Leica DFC 320 camera (Leica Cambridge Ltd) for comput-
erized images.
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Image Analysis and Statistical Evaluation
After digitizing the images derived from hematoxylin-eosin

stained sections, the presence of native bone tissue was recognized
by the presence of osteocyte lacunae-containing cells, whereas the
newly formed bone tissue was recognized by the absence of lacunae.

Densitometric evaluation was obtained by measuring the per-
centage area (±SD) determined by direct visual evaluation of 10 fields
(mean values) for each of 5 slides per specimen at 20� magnification.

After digitizing the images derived from immunohistochemi-
cal stained sections, QWin Plus 3.5 software (Leica Cambridge Ltd)
was used to evaluate VEGF expression. Image analysis of protein
expression was performed through the quantification of threshold area
for brown color, as average value per 10 fields, randomly chosen, for
each sample at light microscope observation. Negative control im-
ages were randomly chosen. The statistical significance was evalu-
ated by the Wilcoxon and Mann-Whitney tests, using R Software,
version 2.12.1 for Mac and setting P = 0.05. After collecting results,
the mean data were reported and shown in a histogram using Excel
2008 for Mac.

RESULTS
Morphological analysis was performed by light microscope

after hematoxylin-eosin staining (Fig. 1). A better integration was
shown when an equine bone substitute is used compared to a porcine
one, and more evident signs of particles resorption were observed in
equine bone substitute group specimens compared to porcine ones.

In particular, hematoxylin-eosin staining highlights new bone
formation in equine bone substitute group along with areas of native
bone tissue and connective fibers. Moreover, the grafted biomaterial
particles are easily distinguishable because of lack of cellular struc-
ture, and they appear in part resorbed and well integrated with the
newly formed bone tissue. Abundant areas of newly formed bone tis-
sue are recognizable for the lack of bone lacunae.

In samples from the porcine bone substitute group, the bone
particles are still clearly distinguishable from native bone tissue for
absence of viable cells. The size of the bone particles appears quite
unchanged and no clear evidence of resorption is detected. Samples
from equine bone substitute group showed a significant higher
amount of newly formed bone tissue compared to the native tissue
than in porcine ones (Fig. 2).

VEGF expression modifications occurring after different bone
graft insertion and the evaluation of clinical applicability and integ-
ration ability of these grafts were then carried out. Densitometric values
obtained from immunohistochemical analysis reveal a statistically sig-
nificant increase in VEGF expression in samples from equine com-
pared to porcine bone substitute group (P < 0.05) (Fig. 3).

DISCUSSION
Most previous studies, to assess the success of a maxillary sinus

augmentation procedure, take into consideration the survival rate of

implants placed in regenerated sites.24,25 In our study, we evaluated
the success of regenerative therapy directly at the time of implant
placement, that is 6 months after grafting, by histological and immu-
nohistochemical analyses.

Treatment of edentulous sites in the posterior maxilla requires
a correct approach to obtain a functional implant-supported resto-
ration. This goal may be achieved through adequate reconstruction
by regenerative techniques with the use of bone substitutes. Even if
the best performance of autologous bone grafts was widely demon-
strated,23,26 clinicians are constantly searching for a heterologous bone
substitute that permits to combine the osteoregenerative features of
autologous bone, eliminating at the same time the limits imposed by
the need for a second surgical intervention for withdrawal.10 More-
over, most heterologous bone substitutes currently used in clinical
practice do not show ideal characteristics for bone regeneration such

FIGURE 1. Hematoxylin and eosin staining of equine and porcine bone substitutes
specimens. Magnification �20 (inset �40). Group A: bone tissue specimens
obtained from equine bone substitute grafted area; group B: bone tissue specimens
obtained from porcine bone substitute grafted area.

FIGURE 2. Graphic representation of densitometric evaluation of newly formed
bone tissue and native bone in equine and porcine bone substitutes specimens.
Data are expressed as area % (±SD) determined by direct visual evaluation of
10 fields (mean values) for each of 5 slides per specimen at �20 magnification.
Group A, bone tissue specimens obtained from equine bone substitute grafted
area; Group B, bone tissue specimens obtained from porcine bone substitute
grafted area. *Group A newly formed bone tissue versus group B newly formed
bone tissue, P < 0.05; group A native bone tissue versus group B native bone
tissue, P < 0.05.

FIGURE 3. Immunohistochemical analysis of VEGF expression in equine and
porcine bone substitutes specimens. Magnification �20. Group A, bone tissue
specimens obtained from equine bone substitute grafted area; Group B, bone
tissue specimens obtained from porcine bone substitute grafted area; C (−),
negative control; D, graphic representation of VEGF positive area % (±SD)
densitometric analysis determined by direct visual counting of 10 fields (mean
values) for each of 5 slides per specimen at �20 magnification. *Group A versus
group B, P < 0.05.
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as biological safety; osteogenic, osteoinductive, and angiogenic poten-
tials; long shelf-life; no size restrictions; and reasonable cost.27,28

Heterologous biomaterials of different origins are success-
fully used as filling material for maxillary sinus augmentation.29,30

As previously described, heterologous bone particles work only as
osteoconductive biomaterial and they usually undergo slow resorp-
tion.31,32 A biomaterial exhibiting no or scarce resorption could
cause problems for a correct bone regeneration because of lower os-
teogenesis capability in respect to native autologous bone during the
remodeling phase.33 The biological behavior of a heterologous bone
substitute is also affected by the treatment it undergoes before in vivo
utilization. Most heterologous bone substitutes of animal origin, such
as bovine and porcine, are treated by thermal deantigenation to make
them suitable for clinical use by reducing antigenicity and possible
risks of cross-infections. However, this treatment is known to alter
the mineral structure of bone hydroxyapatite, thus reducing the oste-
oclastic remodeling rate of the bone substitute. Clinically, the perfor-
mance of the biomaterial is not significantly affected by this kind of
treatment, as the bone substitute acts principally as a bioinert scaf-
fold. In fact, bovine and porcine bone substitutes have been success-
fully used for years in guided bone regeneration techniques, even
if residual biomaterial particles could be detected after many years
from grafting.20,33

On the contrary, equine-derived bone substitutes are deanti-
genated by a proteolytic, low-temperature process, selective for the
organic component, that seems to increase the capabilities of a bone
substitute subjected to this kind of process to be resorpted.34 In fact,
recent scientific evidence shows that biomaterials treated in this way
undergo resorption and remodeling in about 12 months.20 In litera-
ture, only a few studies have reported on the use of an equine bone
substitute, which appeared to be able to induce osteoblasts differen-
tiation, to be resorbed in vitro by osteoclasts, and to be safely used
in mandibular bone regeneration.20,35

The aim of this work was to investigate the morphological
aspect and the expression of VEGF after maxillary sinus augmen-
tation through equine and porcine bone substitutes in humans. Light
microscopic analysis strongly evidenced that sites treated with the
equine bone substitute showed good integration between host tis-
sue and graft. Moreover, after a mean healing period of 6 months,
the grafted biomaterial seemed to have activated intense remodeling
phenomena, as confirmed by the existence of large areas of newly
formed bone tissue, while particles of the porcine-derived bone sub-
stitute showed only few signs of resorption.

To support these morphological aspects, the occurrence of
new angiogenic processes was evaluated by checking VEGF ex-
pression. Vascularization has a crucial role in the regulation of bone
remodeling and repair. New blood vessel formation is necessary to
allow circulating osteoblast precursors to reach the remodeling site.20

Moreover, VEGF is also involved in supporting osteoblast growth
during the initial phase of bone graft integration.36 In the present
study, VEGF expression resulted higher in sites treated with equine
bone substitute than in those treated with the porcine one, indicating
that neoangiogenic phenomena occurred both earlier and an intense
way between the 2 groups at the same healing time.

Even if long-term results are not yet available to evaluate
host-tissue response after a longer healing period, the present results
indicate that both equine- and porcine-derived bone substitutes could
be successfully used for regenerative therapy of intraoral bone defects.
Still aware that differences in vascularization significantly affect the
clinical performance of a heterologous bone substitute, its ability to
be resorbed is also very important in influencing long-term integra-
tion and long-term predictability of implant-prosthetic rehabilitation
in regenerated sites. In fact, the higher resorption capabilities of the
equine-derived bone substitute compared to porcine-derived one,

which probably could be due to the deantigenation process this bio-
material undergoes, could represent an added value to this category
of bone substitute.
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Abstract

Purpose The aim of this study was to evaluate cumula-

tive survival rate of implants placed on augmented max-

illary sinus using a mixture of autologous bone harvested

from the maxillary tuberosity and bovine-derived HA and

to assess the height of the grafted material through radio-

graphic evaluation.

Methods Thirty-five patients were treated with maxillary

sinus augmentation and 93 implant fixtures were installed.

The height of the augmented sinus and the gain of bone

volume were measured by Cone Beam CT Scan and

intraoral radiographs immediately after augmentation and

up to 48 months subsequently. Changes in the height of the

sinus graft material were calculated radiographically.

Results The cumulative survival rate was 98.92 % in all

93 implants. Additionally, normal healing process without

any complication was observed in all patients. The original

sinus height was a mean of 4.52 mm (range 2.0–6.4 mm)

and the augmented sinus height was a mean of 14.1 mm

(range 12.0–16.5 mm) after the surgery. The bone volume

gain was a mean 9.613 mm (range 7–13 mm).

Conclusions Within the limitations of this study, it would

appear from the clinical and radiographic results that the

sinus lift procedure with autologous bone graft harvested

from the maxillary tuberosity combined with deproteinized

bovine bone allows for a predictable outcome regarding the

amount of bone formation in sinus floor augmentation and

the immediate placement of implants, when possible, is

recommended.

Keywords Dental implants � Maxillary sinus �
Autologous bone graft � Heterologous bone graft �
Survival rate � Immediate implant placement �
Delayed implant placement

Purpose

The presence of alveolar bone with sufficient volume and/

or density is considered to be a prerequisite for implant

placement, integration, and load behavior. However, bone

resorption following tooth extraction or due to advanced

periodontal disease and/or pneumatization of the maxillary

sinus may result in insufficient bone in horizontal and/or

more frequently vertical dimension for the placement of

dental implants. Although good results have been presented

with short implants [1], larger implants are generally

preferable in order to endure loading forces on the pros-

thetic reconstruction; in fact, increased failure rates with

short and/or narrow implants have been reported previously

[2, 3]. The most common treatment planning in the pos-

terior maxilla is the augmentation of the maxillary sinus

floor, which involves a modification/reduction of the sinus

cavity aiming at the production of bone inside a space

previously being a portion of the sinus cavity. This is most

often achieved in combination with bone grafts and/or

substitutes that are placed inside the sinus cavity with the

aim to create space for and accelerate bone formation.

Implant placement is performed simultaneously with the

sinus-lift procedure if adequate amounts of alveolar bone
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are present and a good primary stability of the implants can

be achieved or at a later time point when some new bone

formation is expected to have occurred inside the sinus

cavity.

The aim of this study was to determine the clinical and

radiographic efficacy of a mixture of autologous bone

harvested from the maxillary tuberosity using bone scraper

(safescraper twist—META, Reggio Emilia, Italy), bovine-

derived HA (Bio-Osss—Geistlich Pharma, Wolhusen,

Switzerland; particle size of 0.25–1 mm) placed as a graft

to elevate the maxillary sinus floor, and the use of a bior-

esorbable porcine-derived collagen membrane (Bio-Gides,

Geistlich Pharma, Wolhusen, Switzerland) covering lateral

access window. In order to accomplish this, the survival

rate of the implants was evaluated. Furthermore, in all

patients mean values were calculated. Differences in

RHBG (residual height bone graft) according to the timing

of implantation were analyzed. Correlation between the

RHBG and follow-up period was determined.

Materials and Methods

Patients

A total of 35 patients (15 women and 20 men; ages-ranged

24–75 years) were included in this study and provided with

a total of 93 implants (Table 1). The study was performed

according to the Helsinki declaration of [4].

The preoperative diagnosis was made by carrying out

Cone Beam CT Scan and periapical radiograhy. Patients

were included in the study if no systemic or local contra-

indications were encountered. Particularly, the evaluation

included the general health and the oral health status, and

the correct interarch relationship.

Inclusion criteria were severe atrophy (\ 7 mm) of the

alveolar process in the sinus area bi- or unilaterally and the

presence of a Misch type 3 or 4 sinus situation [5]. All

patients received oral hygiene instructions before entering

the study. After information about the procedure they were

required to sign a consent form. Exclusion criteria were

poor general health, e.g., severe renal/or liver disease,

acute myocardial infarction within the past 12 months,

uncontrolled coagulation disorders, uncontrolled metabolic

diseases, radiotherapy to the head in the past 24 months,

treatment with intravenous bisphosphonates or with oral

bisphosphonates for[3 years, psychiatric problems, heavy

smoking ([10 cigarettes/day), alcohol or drug abuse,

maxillary sinus pathologies, oral infections, and uncon-

trolled periodontal disease.

Sinus floor augmentation was carried out on both sides

in five patients and on one side in 30 patients. Thus, a total

of 35 patients with severe atrophic maxillae or sinus

pneumatization undergoing 40 sinus lift augmentation

procedures were evaluated prospectively.

Surgical Procedure

One hour before starting the surgical procedure, all patients

received 2 g of amoxicillin, and immediately before the

surgical procedure, they rinsed for 2 min with a 0.2 %

clorhexidine solution. All surgical procedures were com-

pleted by the same surgeon under local anesthesia. A mid-

crestal incision was made, and a vertical releasing incision

was additionally placed anteriorly, normally just posterior

to the canine area. A mucoperiosteal flap was elevated

buccally and palatally, allowing access to the lateral sinus

wall. Then, an osteotomy was performed at the lateral

surface of the sinus wall using a piezoelectric device (Pi-

ezosurgery, Mectron Spa, Carasco Genova, Italy) and the

sinus membrane was carefully elevated superiorly starting

from the inferior border of the osteotomy site, and com-

pletely and carefully dissected from the medial and inferior

walls of the sinus. All surgical procedures were performed

with high accuracy to avoid perforation of the sinus

membrane, in order to prevent sinusitis and loss of bone

graft material. The floor, lateral wall and posterior wall of

the membrane were carefully detached and pushed upward

to provide the required space for the implant to be placed.

Two-stage implant system was used (Fig. 1). The number,

diameter and length of implants in each case was deter-

mined according to the prosthetic plan and the quality and

quantity of the recipient bone. Then, a portion of the antral

space was filled with a composite graft consisting of the

autogenous bone harvested from maxillary tuberosity by a

bone scraper (safescraper twist—META, Reggio Emilia,

Italy) and Bio-Osss (Geistlich Pharma, Wolhusen, Swit-

zerland; particle size of 0.25–1 mm) (Fig. 2) and gently

packed over the bone into the sinus (Fig. 3). The amount of

harvested bone was obviously dependent of the lateral

maxillary wall thickness; hence, the maxillary plate in the

sinus area provided an amount of bone that ranged from 0.5

to 2 ml. This bone graft was placed in a receptacle in which

additional Bio-Oss granules were added to increase the

final graft volume that was dependent on the sinus size with

a mixture in a 1:1 ratio. The lateral access window was

then covered with a bioresorbable porcine-derived collagen

membrane (Bio-Gides, Geistlich Pharma, Wolhusen,

Switzerland) to prevent soft tissue invasion and bone graft

spreading, and to promote bone formation. The Bio-Gides

membrane was trimmed to cover the osteotomy window,

extending about 3 mm beyond its borders, and it was not

fixed with pins or tacks (Fig. 4). The mucoperiosteal flap

was repositioned and sutured using 4/0 resorbable suture

material (Trofilorc, LorcaMarin, SA, Murcia, Spain) to

achieve closure of a tension-free flap.
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Table 1 Case summary

Case Age Sex Area System Diameter Length Stage OSH ASH BHG Bone quality Follow-up RHBG (mm)

1 59 F 26 27 Biohorizons 4.6 12 1 4.8 13.8 9 IV 9 8.6

2 50 M 26 27 3i 3.75 13 2 2.7 14.2 11.5 IV 60 10.6

3 46 F 15 16 17 Biohorizons 3.8 12 1 6.3 14.9 8.6 IV 24 7.9

3 46 F 26 27 Biohorizons 5.7 13.7 8 7.3

4 51 M 25 Biohorizons 3.8 12 1 5.1 12.9 7.8 IV 12 7.3

4 51 M 26 Biohorizons 4.6 12

4 51 M 27 Biohorizons 3.8 12

5 75 F 15 16 17 Biohorizons 4.6 12 2 3.5 12.8 9.3 V 25 8.59

6 60 F 25 26 Biohorizons 3.8 12 1 6.4 15.1 8.7 IV 48 7.9

6 60 F 27 Biohorizons 4.6 12

7 61 M 16 17 Biohorizons 3.8 12 1 5.6 13.3 7.7 IV 10 7.29

7 61 M 26 27 Biohorizons 3.8 12 1 6.4 13.8 7.4 6.99

8 75 M 15 16 17 Biohorizons 4.6 12 1 5.5 13.2 7.7 III 15 7.17

8 75 M 25 26 27 Biohorizons 4.6 12 1 5.4 13 7.6 7.07

9 45 M 16 17 Biohorizons 4.6 12 2 2.5 15.2 12.7 IV 9 12.3

10 55 M 15 16 17 Biohorizons 4.6 12 1 3.8 14.2 10.4 III 12 9.9

11 58 M 26 27 Biohorizons 4.6 12 1 5.4 14.6 9.2 III 9 8.8

12 70 M 15 16 Biohorizons 3.8 12 1 5.6 14.8 9.2 III 11 8.78

13 56 F 25 26 Biohorizons 4.6 12 1 4.4 14.4 10 III 13 9.45

14 46 F 24 25 26 Xive 3.8 13 1 5 15 10 IV 48 9.2

15 40 F 14 15 16 Xive 3.8 13 1 3 13.9 10.9 IV 48 10.1

15 40 F 14 15 16 Xive 3.8 13

15 40 F 14 15 16 Xive 4.5 11

15 40 F 25 26 3i 3.75 13 2

16 48 M 14 15 16 Nobel 4 13 1 4.5 14.5 10 V 48 9.2

16 48 M 14 15 16 Nobel 4 4 16.5 12.5 11.7

17 50 M 15 16 3i 4 13 1 3.2 15 11.8 IV 48 11

18 60 M 13 14 Xive 3.8 1 4.1 14.2 10.1 V 36 9.34

18 60 M 13 14 Xive 4.5

18 60 M 23 24 25 Xive 13 2 3.9 14.5 10.6 9.84

19 54 F 15 16 Winsix 3.8 11 1 4.9 13.5 8.6 IV 48 7.8

20 48 M 16 17 Winsix 5.2 11 1 5.1 13.7 8.6 IV 36 7.84

21 61 F 15 16 26 27 Winsix 4.5 13 2 2.9 15.9 13 IV 44 12.22

22 41 M 26 27 Winsix 4.5 13 1 5 12 7 IV 45 6.22

23 53 F 15 17 Winsix 3.8 11 1 5.1 12.9 7.8 IV 48 7

24 69 M 25 27 Winsix 5.9 11 1 5 15.6 10.6 IV 37 9.84

25 37 F 15 17 25 27 Winsix 3.8 13 2 2.7 14.6 11.9 IV 47 11.11

26 71 M 15 17 25 27 Winsix 4.5 13 1 4.8 13.7 8.9 IV 46 8.11

27 51 F 26 27 Winsix 4.5 11 1 5 13.9 8.9 IV 45 8.12

28 43 M 16 17 Winsix 4.5 13 1 4.3 15.1 10.8 IV 48 10

29 29 M 15 Winsix 4.5 13 1 4.7 12.9 8.2 III 45 7.42

30 33 M 15 16 Winsix 3.8 11 2 3 14.2 11.2 IV 47 10.41

31 68 F 26 Winsix 4.5 13 1 5.3 15.3 10 IV 48 9.2

32 24 M 15 Winsix 4.5 13 1 4.9 13.2 8.3 III 48 7.5

33 35 M 16 17 Winsix 4.5 11 1 4.7 14.7 10 IV 45 9.22

34 59 F 14 16 Winsix 4.5 13 2 2 13.1 11.5 IV 48 10.7

35 52 F 26 Winsix 3.8 11 1 4.9 13.9 9 IV 48 8.2

OSH Original sinus height, ASH Augmented sinus heights, BHG Bone height gain, RHBG Reduced heights bone gain
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Postoperatively, all patients received 1 g of amoxicillin

6 h after surgery and 2 g twice daily for 4 days after sur-

gery and non-steroid analgesic postoperatively as needed.

All the patients were also instructed to rinse twice daily

over a period of 2 weeks using a 0.12 % chlorhexidine

gluconate solution. They were also advised not to blow

their noses for 15 days. Ten days after surgery the sutures

were removed.

In 9 cases, the sinus were of type 4 of Misch [5], and

therefore implants were placed after a healing period of

8 months (two-stage surgery). In the remaining 31 cases,

on which there were[5 mm of bone present between the

residual alveolar crest and the floor of the maxillary sinus,

the implants were immediately placed.

A total of 93 screw-shaped titanium implants were

inserted: 37 tapered internal implants with a laser

microgrooved coronal design (Biohorizons, Birmingham,

Ala); 36 implants Winsix (Winsix Ltd, Lincoln Inn’s Field,

London); 3 implants Branemark System (NobelBiocare

AB, Gotenborg, Sweden); 11 implants were from Xive

(Dentsply Friadent, Mannheim, Germany),and 6 implants

were from 3i (BIOMET 3i, Riverside Drive Palm Beach

Gardens, FL). The diameters of Biohorizons’s implants

were 3.8 mm (15); 4.6 mm (22)and their lengths were

12 mm. The diameters of Winsix’s implants were 3.8 mm

(11); 4.5 mm (21); 5.2 mm (2); 5.9 mm (2) and their

lengths were 11 mm (15) and 13 mm (21). The diameter of

Branemark’s implants were 4.0 mm (3) and their lengths

were 13 mm (3). The diameters of Xive’s implants were

3.8 mm (8); 4.5 mm (3) and their lengths were 11 mm (1)

and 13 mm (10).

All patients were rehabilitated with fixed implant-sup-

ported prostheses (Fig. 5). None of the patients were

rehabilitated with removable implant-supported overden-

tures. All implants were loaded.

Fig. 2 Autogenous bone harvested from maxillary tuberosity by a

bone scraper

Fig. 1 The floor, lateral and posterior wall of the membrane were

carefully detached and pushed upward to provide the required space

for the implant to be placed

Fig. 3 Bone harvested from maxillary tuberosity and Bio-Osss were

gently packed over the bone into the sinus

Fig. 4 The lateral access window was then covered with a biore-

sorbable porcine-derived collagen membrane
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Radiographic Examinations

Cone Beam CT scan was obtained before the surgery

(baseline), immediately after the sinus augmentation, the

1 year after the surgery. Additional radiographs were

obtained every 12 months through the follow-up period. In

the defined implant area, bone density was measured in

Hounsfield units.

The periapical radiographs used for analysis were taken

with the long-cone technique and were analyzed by a

computerized measuring technique with image analysis

software (Digora, Soredex, Helsinki, Finland) measuring

the distance between two points. Internal calibration was

performed for each radiograph on three inter-thread dis-

tances (3.7 mm), given that the tips of two consecutive

threads are separated by 1.2 mm. The precision of the

measuring system was 0.01 mm.

The landmarks, appearing in Fig. 6, served to calculate

the measurements, where:

RBH: the vertical distance between the most coronal

bone-implant contact and the most apical implant-bone

contact.

ASH: were measured from the 1st bone to implant

contact points to the base of the maxillary sinus, which

was elevated with bone graft at the mesial and distal

aspects of the implants.

All measurements were made twice by one blinded

investigator with a 12-month interval between the

measurements.

The augmented sinus heights (ASH) were measured

from the 1st bone to implant contact points to the base of

the maxillary sinus, which was elevated with bone graft at

the mesial and distal aspects of the implants. The volume

of marginal bone loss (MBL) was obtained compared with

the periapical radiographs and CBCT scan, cross-sectional

slices, immediately taken after the surgery and 1 year

postoperatively. The reduced height of bone graft (RHBG)

was calculated based on the changes in the ASH and MBL.

Statistical Analysis

In all patients mean values were calculated. There was a

substantial difference in the sample means of RHBG in the

two sub-samples (Stage 1 and Stage 2) respectively of 8.47

and 10.70 mm. This result was subjected to a test of sig-

nificance to verify the inference result of the sample on the

population of origin.

Fig. 5 All patients were rehabilitated with fixed implant-supported

prostheses: a From buccal point of view, b from occlusal point of

view

Fig. 6 Schematic drawing of the parameters measured on

radiographs

Table 2 Radiographic analysis (mean ± SD)

12 months: RHBG (mm)/Time (mo): mean 0.71 ± 0.41

48 months: RHBG (mm)/Time (mo): mean 0.90 ± 0.41

R2:0.089

RHBG reduced height of bone graft
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It was assumed that the two populations were indepen-

dent with unknown but equal variances.

Therefore we wanted to test whether the two means

were equal to each other (H0: l1 = l2) against the alter-

native hypothesis that the sample mean (Stage 1) was less

than the average for the second sample (Stage two) (H1:

l1\ l2).
Estimating that the sampling variances will reach a

value of statistical Student’s t test of -7,569, compared

with the value of the standardized t distribution with 91

degrees of freedom and a significance level of 0.05, is

much lower:

t(91Þ\ t(91Þ0:05 ! �7; 569\� 1; 662

This result leads to the rejection of the null hypothesis and

acceptance of the alternative hypothesis of a significant

reduction in the sample RHBG Stage 1 vs Stage 2.

There was no linear correlation between RHBG and

follow-up, in fact the adjusted R2 was 0.089, which was

very close to 0 hence the linear model does not fit our case.

Patient Outcome Analysis

In all cases, implant lengths, time of follow-up, and peri-

operative and postoperative complications were recorded

(Table 1). In this study, data on implant survival were

considered only for those implants that were loaded for a

minimum of 9 months.

Implant Survival Rate

The success criteria for implants presented by Buser et al.

[6] was used.

Results

Thirty-five patients with a total of 40 sinus graft procedures

were followed clinically in a prospective manner. All

patients were initially evaluated at intervals of 3–6 months

for the first year and annually thereafter for up to 4 years.

Mucosal tears occurred in five of 40 sinuses grafted

(12.5 %) and since the tears were very less no treatment

was needed.

In two cases (5.0 %), there were infections in the post-

operative period that were resolved with antibiotics.

Implants were loaded after a healing interval of

4 months for the two-stage approach and after 9 months for

one-stage cases. The range length of follow-up after

implant loading was 9–48 months.

The original sinus height (OSH) was a mean of 4.52 mm

(range 2.0–6.4 mm) and the augmented sinus height (ASH)

was a mean of 14.1 mm (range 12.0–16.5 mm) after the

surgery. The bone height gain was a mean of 9.613 mm

(range 7–13 mm). The marginal bone loss up to 1 year was

measured as 0.30 ± 0.45 mm.

Linear measurements to evaluate the marginal bone

levels were performed on digitized images. The graft apical

to the implants demonstrated a gradual reduction in height.

The RHBG 1 year postoperatively was 0.71 ± 0.41 mm,

and at 48 months postoperatively was 0.90 ± 0.41 mm

(Table 2).

A substantial difference in the reduced volume of the

bone graft was observed according to the timing of

implantation (Table 3).

One implant was lost before loading (1.075 %). The

remaining 92 implants were stable and free of complica-

tions at the end of the study. Thus, the implant survival rate

was 98.92 %.

Discussion

Since the initial description of maxillary sinus floor ele-

vation by Boyne and James [7] and Tatum [8], several

sinus augmentation techniques have been proposed. Ini-

tially, a modified Caldwell–Luc procedure was used to

approach the sinus, by infracturing a rectangular or trape-

zoidal osteotomy of the lateral wall of the maxilla. Later,

Garg and Quiñones [9] modified this technique, designing

the osteotomy in an ovoid shape in order to minimize the

chances of schneiderian membrane perforation with sharp

corners produced in a rectangular or a trapezoidal oste-

otomy. Here, we propose this technique.

The choice of augmentation material is of principal

importance in sinus surgery. However, the ideal bone graft

has not yet been determined. Autologous bone is consid-

ered the gold-standard material in terms of osteogenic

potential, because it supplies not only osteoblasts but also

provides organic and inorganic matrices for osteoinduction

and osteoconduction [10, 11]. Bone can either be gained

extraorally, from the iliac crest [7] or the cranial vault [5],

or harvested intraorally, mainly from the chin [12]. How-

ever, a limited amount of bone is available at intraoral

donor sites, and the use of an extraoral one usually calls for

general anesthesia, increasing the time and the cost of

treatment and giving rise to considerable morbidity [13].

Furthermore, autologous bone shows a trend toward bone

resorption that reduces the initial graft volume, and

Table 3 Differences according to the timing of implantation

(mean ± SD)

Simultaneous Delayed

RHBG (mm) 8.47 ± 0.41 10.70 ± 0.31

RHBG reduced height of bone graft
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morbidity at the donor site, which could be seen in almost

8 % of operations [11, 14]. The source of autologous bone

could be relevant.

When an autogenous bone is harvested from the oral

cavity, such as the mandible ramus or the symphysis, its

quantity is frequently insufficient for the surgical procedure

that a sinus floor elevation involves [15]. To surmount

these problems, bone substitutes have been used instead of

bone or mixed with it [16, 17].

Bovine-derived HA or anorganic bone is a xenogenic

material from which all organic components have been

removed [18], which ensures that no immune response or

allergy in vivo is induced. Bovine HA is a highly bio-

compatible and osteoconductive material [19–21], and it

seems to promote more early bone formation than other

bone substitutes [22]. However, its long term fate is still

unknown, because the literature is not conclusive regarding

its degradation.

According to Misch and Dietsh [23], a mixture of

autologous bone with synthetic material was most fre-

quently used in clinical trials investigating sinus floor

augmentation. A significant advantage of this approach was

healing time reduction when anorganic bone was combined

with autografts. In fact, a healing period of 6–8 months is

necessary to allow for the vascularization and incorpora-

tion of the grafts and subsequent maturation of newly

formed bone tissue [23], less time than needed when only a

bone substitute is used as a graft. In this work, we describe

a technique that consists of grafting the maxillary sinus

with a mixture in a 1:1 ratio of deproteinized bovine bone

and autologous bone harvested from the maxillary tuber-

osity, thus avoiding the need for the use of a different or

even a distant donor site.

Controversy still exists regarding the need to cover the

lateral osteotomy site with a membrane to contain the

grafted material, prevent its migration or dispersion into

the soft tissues and limit soft tissue invasion into the sinus

cavity. Tawill and Mawla [24] observed that the use of a

collagen barrier to cover the antrostomy site when

machined-surface implants were used in sinuses grafted

with Bio-Oss seemed to improve the quality of the graft

healing and the survival rate of the implants loaded

between 6 and 9 months after placement. Instead, implants

used in this study have moderately rough surfaces that

probably yield a better survival rate than the implants used

in the Tawill and Mawla study [24].

The implant success rate following sinus graft with

deproteinized bovine bone varies from 90 to 98 % [15,

25]. In the present study, only one of 93 implants had to

be removed. Consequently, the survival rate was

98.92 %.

Hieu et al. [26] radiographically evaluated the changes in

height of the xenogenic materials (Bio-Oss, Geistlich Sons,

Wolhusen, Switzerland) after maxillary sinus augmentation

over the course of 2 years. This study reported that signif-

icant material resorption can take place over time. None-

theless, it could be assumed that many other factors, e.g.,

the air pressure in the maxillary sinus, the form of aug-

mented material, the density of the grafted material, the use

of a bioresorbable porcine-derived collagen membrane are

more important than the time flow. Therefore, it is possible

that the resorption rate of the grafted material is affected by

the host’s environment. This would be expected to be

clarified with further study.

Linear measurements to evaluate the marginal bone

levels were performed on digitized images. The graft apical

to the implants demonstrated a gradual reduction in height.

In fact, the residual height bone graft (RHBG) was

0.71 ± 0.41 mm in the first year and at the 4-year exam-

ination, it was 0.90 ± 0.41 (Table 2).

Two dimensional panoramic radiographs have been

used to evaluate the grafted material and its relationship

with implants [27].

In the present study, in addition to periapical radio-

graphs we also used the Cone Beam Computed Tomogra-

phy in cross-sectional slices which supplies 3-dimensional

images that would provide a more accurate volumetric

measurement of the bone graft. A substantial difference in

the reduced volume of the bone graft was observed

according to the timing of implantation. In fact, there was a

substantial difference in the sample means of RHBG in the

two sub-samples (Stage 1 and Stage 2) respectively of 8.46

and 10.70 mm. This result was subjected to a test of sig-

nificance to verify the inference result of the sample on the

population of origin.

There was no linear correlation between RHBG and fol-

low-up, in fact the adjusted R2 was 0.089, which was very

close to 0 hence the linear model does not fit our case. After

careful analysis: we want to test the correlation between

RHBG as the dependent variable (or subsequent) and the

dichotomous variable Stage as an independent (or earlier).

The method of least squares was used to estimate the param-

eters reached in this regression line: RHBG = 6.23 ? 2.23

STAGE.

This means that, given that the regression coefficient

(2.23), increases by one unit of STAGE, the RHBG

increases more than proportionally, namely, in going from

1 to 2 timing of implantation, we will have an average

increase reduction of bone height of 2.23 mm. The model

explains only 38 % (adjusted R2 = 0.38) of the variability

of the empirical RHBG. However, combining this result

with statistics on the sample differences, it is confirmed

that the results obtained from the sample of observed

cases is found in the starting population and that in

passing from Stage 1 to Stage 2 there is considerable loss

of bone height.

J. Maxillofac. Oral Surg. (Oct–Dec 2014) 13(4):401–408 407

123



384

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2014

Conclusion

In conclusion, within the limitations of this study, it would

appear from the clinical and radiographic results that the

sinus lift procedure with autologous bone graft harvested

from the maxillary tuberosity combined with deproteinized

bovine bone allows for a predictable outcome regarding the

amount of bone formation in sinus floor augmentation and

the immediate placement of implants, when possible, is

recommended. In fact, there was a substantial difference of

RHBG with a value of 8.47 mm in case of immediate

implant placement after maxillary sinus augmentation and

10.70 mm in case of delayed implant placement.

Conflict of interest The authors report no conflicts of interest.
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Abstract 

Autologous bone is considered the gold stan-
dard for bone regeneration, even if different
heterologous bone substitutes have been pro-
posed to overcome the limits related to its use.
The aim of this study was to analyze and to
compare the molecular events switched on by
autologous or heterologous bone graft inser-
tion, focusing on TGFβ1 expression and
OPG/RANKL ratio, to analyze resorption
process, and estimating graft vascularization,
new bone tissue deposition and its mineraliza-
tion, through VEGF, BSP and SPARC expres-
sion evaluation, respectively. Patients needing
pre-prosthetic rehabilitation of the posterior
maxilla were treated using an equine-derived
biomaterial (Group 1) or calvaria autologous
bone (Group 2), according to the morphology
of the bone defect. Bone graft integration was
evaluated on bone samples obtained from the
treated areas at the moment of dental implant
insertion, by morphological and immunohisto-
chemical analyses for TGFβ1, OPG, RANKL,
VEGF, BSP, and SPARC expression. Morpho -
logical analysis shows the presence of bioma-
terial residual granules in Group 1, in parallel
to a good integration between graft and host
tissue. Moderate TGFβ1 expression is seen in
both Group 1 and Group 2. OPG/RANKL ratio
appear higher in Group 1; VEGF expression
appears very strong in Group 1 and strong in
Group 2, while BSP and SPARC expression
results weak in Group 1 and moderate in Group
2. Results reveal the good integration between
both types of graft and the host tissue, even
though autologous graft seems to produce a
faster regenerative process, as evidenced by
the different expression of the investigated

molecules. According to these observations,
the clinical use of heterologous particulate
equine-derived biomaterial may ensure long-
term predictability of implant-prosthetic reha-
bilitation, comparable to that obtained with
autologous bone graft.

Introduction

The use of regenerative procedures before
implant-prosthetic oral rehabilitation is
required to counteract vertical and horizontal
bone loss and, mostly, to obtain an adequate
bone quantity and quality to ensure primary
stability at implant insertion. Several bone
grafting materials were proposed for bone
regeneration, such as autogenous, allogenic
and xenogenic biomaterials, or a combination
of them and, as the biological response of host
tissue can be related to biomaterial origin,
attention was focused on the interactions
occurring between grafts and host tissue.1,2 As
already reported by Mangano et al., heterolo-
gous biomaterials were found to be as clinical-
ly efficient as autologous bone for their capac-
ity of osteoconduction, even if little is known
about their capability to be resorbed, and about
the time they need to be fully replaced by newly
formed bone tissue.3 In fact, a biomaterial
showing a too rapid resorption rate may result
unsuitable for bone augmentation procedures,
because it could be completely resorbed before
osteogenic cells have colonized the defect; on
the other hand, a biomaterial showing no
resorption could cause problems to the regen-
eration of bone with a lower osteogenesis abil-
ity in respect to native autologous bone.4,5

In literature, only a few studies were report-
ed about the use of an equine-derived bone
substitute, which seems to be able to induce
osteoblast differentiation, to be resorbed in
vitro by osteoclasts and to be successfully used
in mandibular ridge augmentation.6,7

Moreover, the integration of a bone graft
results in a remodeling process similar to the
physiological bone healing event following a
bone fracture.8 Bone remodeling occurs
through different steps, which start from a
lesion of the vascular structure at the site of
the injury reducing the supply of nutrients and
determining an initial bone resorption. The
hematoma generated activates signaling mole-
cules and growth factors, which stimulate pro-
liferation and differentiation of osteo-progeni-
tor cells. Among them, Transforming Growth
Factor-β (TGF-β) superfamily and angiogenic
factors are included. In particular, TGFβ1 is
essential for osteoblastic differentiation of
mesenchymal precursors, it induces the syn-
thesis of bone morphogenenetic proteins
(BMPs) and promotes osteoid and extracellu-
lar protein production such as collagen, osteo-
pontin and osteonectin.9 Moreover, TGF-β1 is

an important factor  for osteoclasts and
osteoblasts coupling: in fact, it not only pro-
motes the recruitment of hematopoietic osteo-
clast precursors, but also shows an inhibitory
effect on bone resorption and stimulates the
production of osteoprotegerin (OPG).10

OPG is expressed by osteoblasts and regu-
lates bone homeostasis by inhibiting osteo-
clastogenesis and bone resorption.11 OPG,
binding to RANKL on osteoblast/stromal cells,
blocks the RANKL/RANK interaction between
osteoblast/stromal cells and osteoclast precur-
sors, inhibiting osteoclast precursor differenti-
ation, reducing osteoclast production and reg-
ulating osteoclast-mediated resorption.12

Moreover, in such processes a main role is also
played by angiogenic factors, among which
Vascular Endothelial Growth Factor (VEGF) is
included. VEGF is produced by endothelial
cells and osteoblasts and is involved in early
bone remodeling phases since it controls
osteoblast growth.13

The early phases of bone graft integration
are followed by remodeling phenomena driven
by molecules produced by osteoblasts, as Bone
Sialoprotein (BSP) and Secreted Protein
Acidic and Rich in Cysteine (SPARC), leading
to new extracellular matrix deposition and to
its subsequent mineralization. BSP is a com-
ponent of the extracellular matrix which plays
important functions in the regulation of new
bone apposition and remodeling. BSP expres-
sion is up-regulated by factors inducing
osteoblast differentiation, released by active
osteogenic cells at the site of new bone forma-
tion, even though it has also been shown to
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promote osteoclastic resorption of mineralized
surfaces.14,15

SPARC, also known as osteonectin, is a col-
lagen-binding glycoprotein that appears to reg-
ulate cell growth through interactions with
extracellular matrix (ECM) and cytokines.16 It
is secreted by osteoblasts during bone forma-
tion, initiating a mineralization process and
promoting mineral crystal formation. It is a
modulator of the mineralizing process, essen-
tial for bone graft integration, such as the bone
healing around dental implants.17 

Based on this knowledge, the aim of our
work was to analyze and to compare the molec-
ular events switched on by autologous or het-
erologous bone graft insertion, focusing our
attention on TGFβ1 expression and
OPG/RANKL ratio, to analyze resorption
process, and to estimate bone graft vascular-
ization, new bone formation and its mineral-
ization, through VEGF, BSP and SPARC expres-
sion evaluation, respectively. By understand-
ing the mechanism underlying graft integra-
tion and by comparing the results obtained
with the use of the heterologous bone substi-
tute to that obtained with the use of autolo-
gous bone it should be verified if equine-
derived bone substitute possesses characteris-
tic, which may permit a good integration with-
in the host bone tissue, thus clinically ensur-
ing an adequate primary stability to the
implant and predictability of the implant-pros-
thetic rehabilitation.

Materials and Methods

Patients selection
Twenty patients (13 males, 7 females; age

ranging 45-58) with inadequate bone volume
in the posterior maxilla, were scheduled for
bone augmentation procedures followed by
implant placement. The patients were divided
into two groups (n=10), according to the
severity and morphology of the bone defect,
mirroring Classes C and F of the Chiapasco’s
Classification of the Posterior Maxilla (Table
1).18 All patients received sufficient informa-
tion about the inclusion in this study and gave
written consent in accordance with Italian
Legislation and with the code of Ethical
Principles for Medical Research involving
Human Subjects of the World Medical
Association (Declaration of Helsinki). Ten
patients (8 males, 2 females; age ranging 45-
54), having Class C bone defects, underwent
maxillary sinus augmentation procedure with
a bone substitute of equine origin (BioBone®

Osteoconductor Mix, BioSAF IN S.r.l., Ancona,
Italy) (Group 1), and ten patients (5 males, 5
females; age ranging 46-58), with Class F bone
defects, received an onlay bone graft and a
maxillary sinus augmentation procedure with

bone obtained from the parietal region of the
calvaria (Group 2). 

BioBone® Osteoconductor Mix is a rea-
sorbable, collagen-deprived, and deantigenat-
ed osteoconductive biomaterial, obtained after
a biological process of deantigenation at 37°C
in a humid atmosphere, made up of a cortico-
cancellous mixture of equine origin (particles
width 0.5-1 mm). The autologous bone blocks
from the parietal region of calvaria were taken
from calvaria under general anesthesia by a
piezoelectric instrument (Easy Surgery®,
BioSAF IN S.r.l., Ancona, Italy), shaped accord-
ing to the dimension of the defects, properly
fitted in the recipient site, and fixed with lag
screw to rebuild the alveolar ridge. All gaps
between the bone blocks and the recipient
sites and the maxillary sinus were packed with
bone chips obtained from the same donor site,
and the grafted areas covered with a
resorbable barrier (Biobone® Collagen
Membrane, BioSAF IN S.r.l.)

Post-operative healing was uneventful for
all the patients, and therefore, after about 6

months they were scheduled for a second sur-
gery for implant placement. Contextually the
intervention of implant insertion, bone sam-
ples were retrieved by a 3 mm-diameter and 8
mm-height trephine bur under sterile saline
solution irrigation in the sites of implant
placement, in order to obtain significant spec-
imens of bone regenerated with heterologous
bone substitute in Group 1 patients, while in
Group 2 patients bone samples were obtained
from the lateral maxillary wall between the
sites of implant placement.

Light microscopy analysis and
immunohistochemistry 

Samples of bone tissues were fixed in 10%
phosphate-buffered formalin for 24 h, and
decalcified in 10% tetrahydrated EDTA, accord-
ing to data sheet (MIELODEC kit, Bio-Optica,
Milan, Italy). Subsequently, they were dehy-
drated through ascending alcohols and xylene,
and then paraffin embedded. Samples were de-
waxed (xylene and alcohol at progressively

Original Paper

Table 1. Chiapasco’s classification of the posterior maxilla.

Class Height Thickness of Interarch distance
of the residual the residual 

ridge ridge

A >5 mm <8 mm ≥6 mm Normal
B >5 mm <8 mm <6 mm Normal
C < 5 mm ≥6 mm Normal
D < 5 mm <6 mm Normal
E >5 mm <8 mm ≥6 mm Increased
F >5 mm <8mm <6 mm Increased
G <5 mm ≥6 mm Increased
H <5 mm <6 mm Increased
I Completely resorbed alveolar ridge with increased distance interarch and Class III skeletal relationships

Figure 1. Hematoxylin and eosin staining of Group 1 and Group 2 specimens.
Magnification 20x. Group 1: bone tissue specimens obtained from equine-derived bone
substitute grafted area; Group 2: bone tissue specimens obtained from calvaria bone graft-
ed area. Inset (40x) shows, in group 1 specimens, grafted biomaterial particles, in group
2 specimens, large mineralized areas within which newly formed bone can be recognized
because of osteocyte lacunae lack and absence of lamellar organization; xb, xenogenous
bone; ob, old bone; nb, new bone.
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decreasing concentrations), sliced 5 μm thick
and processed for hematoxylin-eosin staining
and for immunohistochemical analysis.

In order to detect TGFβ1, OPG, RANKL,
VEGF, BSP, and SPARC proteins, immunohisto-
chemistry was performed on 5 μm-thick sec-
tions by means of Ultravision LP Detection
System HRP Polymer & DAB Plus Chromogen
(Lab Vision Thermo, CA, USA). To reduce non-
specific background staining due to endoge-
nous peroxidase, sections were incubated with
hydrogen peroxidase block solution for 10 min.
Slides were then incubated in the presence of
mouse anti-TGFβ1, anti-RANKL and anti-
SPARC monoclonal antibodies, and rabbit anti-
VEGF polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), mouse
anti-OPG monoclonal antibody (Acris
Antibodies, Herford, Germany), and mouse
anti-BSP monoclonal antibody (Calbiochem,
Darmstadt, Germany).

Sections were incubated in the presence of
specific HRP-conjugated secondary antibodies.
Peroxidase was developed using diaminoben-
zidin chromogen (DAB), and nuclei were
hematoxylin counterstained. Negative controls
were performed by omitting the primary anti-
body. Randomly selected slides belonging to
each sample were then observed by means of
Leica DM 4000 light microscopy (Leica
Cambridge Ltd, Cambridge, UK), equipped
with a Leica DFC 320 camera (Leica
Cambridge Ltd) for computerized images. 

Computerized morphometry meas-
urements and image analysis

After digitizing the images obtained from
the immunohistochemical stained sections,
QWin Plus 3.5 software (Leica Cambridge Ltd)
was used to evaluate TGFβ1, OPG, RANKL,
VEGF, BSP and SPARC expression. Image
analysis of protein expression was performed
through the quantification of immunohisto-
chemical brown chromogen, expressed as per-
centage of positive area respect to total area of
the field, as an average value per ten fields,
randomly chosen, for each sample at light
microscope observation. 

Moreover, intensity of staining (IS) was
graded on a scale of 0-4, according to the fol-
lowing assesssments: 0, no detectable stain-
ing; 1, weak staining; 2, moderate staining; 3,
strong staining; 4, very strong staining, as pre-
viously reported.19 The positive immunolabel-
ing for TGFβ1, OPG, RANKL, and VEGF was
cytoplasmic; the positive immunolabeling for
BSP and SPARC was in the pericellular space.

Quantification of immunohistochemical
brown chromogen was performed at 20x mag-
nification by three different researchers, and
the final result was a mean value of the three
separate evaluations. Cohen’s kappa coeffi-
cient was applied to measure the agreement
between the three observers and averaged over
all three to evaluate overall agreement using

Original Paper

Figure 2. A) Immunohistochemical analysis of TGFβ1 expression in Group 1 and Group
2 specimens. Magnification 20x. Group 1: bone tissue specimens obtained from equine-
derived bone substitute grafted area; Group 2: bone tissue specimens obtained from cal-
varia bone grafted area; C(-), negative control. Moderate TGFβ1 immunolabeling of both
Group 1 and Group 2 bone tissue; no TGFβ1 immunostaining is seen in negative control.
B) Graphic representation of densitometric analysis of TGFβ1 positive area ± SD, deter-
mined by direct visual counting of ten fields (mean values) for each of five slides per spec-
imens at 20x magnification. 

Figure 3. A) Immunohistochemical analysis of OPG expression in Group 1 and Group 2
specimens.  Moderate OPG immunolabeling in Group 1 and weak OPG immunolabeling
in Group 2 bone tissue; no OPG immunostaining is seen in negative control. B)
Immunohistochemical analysis of RANKL expression, in Group 1 and Group 2 speci-
mens, respectively. Magnification 40x. Group 1: bone tissue specimens obtained from
equine-derived bone substitute grafted area; Group 2: bone tissue specimens obtained
from calvaria bone grafted area; C(-), negative control. Weak RANKL immunolabeling in
both Group 1 and Group 2 bone tissue; no RANKL immunostaining is seen in negative
control. C) OPG/RANKL ratio values.
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the following grading: 0-0.2 (slight), 0.21-0.40
(fair), 0.41-0.60 (moderate), 0.61-0.80 (sub-
stantial), and 0.81-1.0 (almost perfect)20.

Negative control images were randomly cho-
sen. The statistical significance of the results
was evaluated by the Wilcoxon, Mann-Whitney
Test, using R Software, ver. 2.12.1 for Mac and
setting P=0.05. After collecting results, the
mean data were reported and showed in an
histogram using Excel 2010 for Microsoft
Windows.

Results

Light microscopy analysis and
immunohistochemistry 

Morphological analysis was performed at
light microscope after hematoxylin-eosin
staining (Figure 1). In Group 1 specimens the
native bone tissue and connective tissue fibers
could be identified. Moreover, the grafted bio-
material particles were easily distinguished
(purple areas) due to their lack of tissue struc-
ture, as better shown by the inset. Group 2
sample showed large mineralized areas close
to dense areas of connective tissue, within
which newly formed bone was recognizable
because of osteocyte lacunae lack and absence
of lamellar organization (inset). Molecular
modifications occurring after bone substitutes
placement, concerning their ability to be inte-
grated and to be clinically suitable, were then
investigated by immunohistochemical analy-
sis. TGF-β1 expression, essential for
osteoblastic differentiation and osteoid and
extracellular proteins production, did not show
any statistically significant difference between
the two experimental groups (Figure 2); in
fact, moderate TGF-β1 immunolabeling is seen
both in Group 1 and Group 2. Moreover, since
TGF-β1 stimulates OPG production, inhibiting
the RANKL/RANK interaction, OPG and RANKL
expressions were checked. Moderate OPG
immunolabeling is found in Group 1 and weak
OPG immunolabeling in Group 2, whereas
weak RANKL immunolabeling is seen both in
Group 1 and Group 2. The OPG/RANKL ratio
was higher than 1 in both groups. However,
Group 1 samples showed a mean ratio of about
four fold higher than that observed in Group 2
specimens (2.4 vs 1.1), due to the concomitant
increase of OPG and a significant decrease of
RANKL expression in samples from sites
regenerated with the equine-derived bone sub-
stitute (Figure 3).  When the expression of
VEGF, an angiogenic factor involved in early
bone remodeling phases, was evaluated find-
ing very strong VEGF immunolabeling in Group
1 and strong VEGF immunolabeling in Group 2
(Figutr 4) (P<0.05).

Finally, new bone formation and bone min-
eralizing processes were assessed taking into

Original Paper

Figure 4. A) Immunohistochemical analysis of VEGF expression in Group 1 and Group 2
specimens. Magnification 20x. Group 1: bone tissue samples obtained from equine-
derived bone substitute grafted area; Group 2: bone tissue specimens obtained from cal-
varia bone grafted area; C(-), negative control. Very strong VEGF immunolabeling in
Group 1 and strong VEGF immunolabeling in Group 2 bone tissue; no VEGF immunos-
taining is seen in negative control. B) Graphic representation of densitometric analysis of
VEGF positive area ± SD determined by direct visual counting of ten fields (mean values)
for each of five slides per specimens at 20x magnification (*P<0.05). 

Figure 5. A) Immunohistochemical analysis of BSP expression in Group 1 and Group 2 spec-
imens, respectively. Weak BSP immunolabeling in Group 1 and moderate BSP immunola-
beling in Group 2 bone tissue; no BSP immunostaining is seen in negative control. B)
Immunohistochemical analysis of SPARC expression, in Group 1 and Group 2 specimens,
respectively. Magnification 20x. Group 1: bone tissue specimenss obtained from equine-
derived bone substitute grafted area; Group 2: bone tissue specimens obtained from calvaria
bone grafted area; C(-), negative control. Weak SPARC immunolabeling in Group 1 and
moderate SPARC immunolabeling in Group 2 bone tissue; no SPARC immunostaining is
seen in negative control. C) Graphic representation of densitometric analysis of BSP and
SPARC positive area ± SD determined by direct visual counting of ten fields (mean values)
for each of five slides per specimens at 20x magnification (*P<0.001; **P<0.001).
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consideration BSP and SPARC expression lev-
els, respectively. Weak BSP immunolabeling in
Group 1 and moderate BSP immunolabeling in
Group 2 is seen, whereas weak SPARC
immunolabeling in Group 1 and moderate
SPARC immunolabeling in Group 2 is evi-
denced (P<0.001) (Figure 5). For all densito-
metric evaluations, interobserver agreement,
measured using the Kappa coefficient, was
0.90 (almost perfect).

Discussion

Regenerative procedures employing autolo-
gous, homologous or heterologous bone grafts
lead to bone defect repair through different
biological mechanisms. The very good results
obtained with the use of autologous bone
grafts were widely demonstrated.21,22

Histological and clinical studies showed the
possibility to have predictable results with the
use of calvaria bone grafts, with no inflamma-
tory phenomena and a minimum resorption
rate during the healing period, along with a
high rate of clinical success for the subsequent
implant rehabilitation.23

Clinicians are constantly searching for a
heterologous bone substitute that combines
the osteo-regenerative features of autologous
bone eliminating the limits imposed by the
need for a second surgery. Most of the current-
ly used heterologous grafts do not show ideal
characteristics for bone regeneration such as
osteogenic, osteoinductive and angiogenic
potentials, biological safety, no size restric-
tions, long shelf life and reasonable cost.24

The present study aimed to evaluate, by
morphological and immunohistochemical
analyses, an equine bone substitute and an
autologous bone graft, 6 months after the graft
placement, in terms of ability of integration
with the host tissue. The graft integration
process is in part similar to bone fracture heal-
ing.8 Complete healing is obtained during the
remodeling phase, when osteoblasts and
osteoclasts cooperate to convert the callus of a
fracture in a definitive functional bone struc-
ture. Bone resorption and formation events are
tightly coordinated and balanced in healthy
bone.25 For this reason, the first step of our
study was to evaluate TGFβ1 expression, as its
role in osteoblast/osteoclast coupling was
demonstrated10 Both Group 1 and Group 2
show a discrete TGFβ1 expression, suggesting
that bone remodeling phenomena occurred in
all the grafted areas. To better elucidate the
host tissue response to the different bone sub-
stitutes, attention was focused on the
OPG/RANKL ratio, often used as a bone resorp-
tion index.11 In fact, OPG, by inhibiting the
RANKL/RANK binding, protects osteoclasts-
mediated bone resorption acting on osteo-
clasts differentiation from precursors.8 Recent

studies showed an increasing expression and
activity of RANKL in bone pathologies charac-
terized by bone resorption such as osteoporo-
sis and osteoarthritis, and a compensatory
increase of OPG in bone diseases, such as
Paget’s syndrome, in which an anomalous
higher bone formation takes place.25

The balance between RANKL and OPG con-
trols the osteoclast activity and undergoes an
endocrine regulation. In fact, it is usually
preferable to evaluate OPG/RANKL ratio rather
than OPG and RANKL absolute values. Thus an
OPG/RANKL ratio <1 suggests a RANKL pre-
dominant activity, and, as a consequence, bone
resorption events are predominant; on the
other hand an OPG/RANKL ratio >1 reveals
OPG greater activity and predominant in new
bone formation processes.26 The specimens of
both groups show an OPG/RANKL ratio >1,
suggesting that the bone protection process
was predominant on RANKL/RANK cascade
activation. However, the lower values of Group
2 specimen led us to hypothesize that the inte-
gration between host bone and autologous
graft could be at a more advanced stage in
respect to Group 1 specimens, since the occur-
rence of bone resorption and new bone apposi-
tion phenomena was nearer to balance in
Group 2. This evidence is also confirmed by
morphological analysis, that reveals a stronger
integration between host tissue and bone graft
in Group 2 specimens while, on the contrary, in
Group 1 specimens some of the equine-derived
biomaterial particles are still evident and few
newly formed mineralized tissue areas can be
observed.

In order to support these morphological
aspects, angiogenesis, new bone formation
and mineralization processes were evaluated,
by investigating VEGF, BSP, and SPARC expres-
sion, respectively. Angiogenesis has a crucial
role in the regulation of bone remodeling and
repair.27. New blood vessel formation is essen-
tial to allow circulating osteoclast and
osteoblast precursors to move towards the site
of remodeling.28 Moreover, VEGF supports
osteoblast growth in the initial phase of bone
graft integration.13 In our study, VEGF expres-
sion is higher in Group 1 specimens indicating
that intense neo-angiogenic phenomena were
occurring in heterologous bone grafted sites,
six months after the maxillary sinus augmen-
tation procedure. This evidence could point to
the fact that in autologous bone grafts this
phase was already ended. In previous reports
from our laboratory, in fact, extra-oral autolo-
gous bone grafts, showing an intense angio-
genesis phenomena four months after graft-
ing, with VEGF values significantly higher than
in native bone tissue  were found.29

Furthermore, the expression of molecules,
such as BSP and SPARC, index of graft consol-
idation involved in new bone formation and
mineralizing activity, indicate that sites treat-
ed with calvaria bone graft seemed to reach

earlier a higher stage of mineralization com-
pared to the equine bone grafted specimens. 

Such results led us to conclude that host
bone tissue, undergoing regenerative phenom-
ena, positively reacted to the placement of both
biomaterials. In particular, the equine-derived
biomaterial shows good characteristics, in
terms of both clinical and microscopic integra-
tion. However, at the same experimental time,
sites treated with autologous bone clearly
show a better organization, which could
ensure a better primary stability to the implant
and a higher predictability of the implant-pros-
thetic rehabilitation. In addition, in sites treat-
ed with autologous bone, a balance between
matrix deposition and resorption is observed,
suggesting that the regenerative process
shows a higher rate of progression, than in
sites treated with the equine bone graft in
which this process seems to be slower.
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An In Vitro Evaluation of Heat Production
During Osteotomy Preparation for Dental
Implants With Compressive Osteotomes
A. Quaranta, DDS, PhD,* S. Andreana, DDS, MS,† L. Spazzafumo, MD,‡ and M. Piemontese, MD, AU4DDS§

E
xcessive trauma during surgery
is considered an important cause
of implant failure because of

thermal vascular and mechanical fac-
tors that contribute to the formation of
necrotic tissue, thereby affecting the
maturation of tissue at the bone-
implant interface.1–4 Repeated use of
cutting tools progressively increase
their wear and decrease their cutting
efficiency, thus producing more fric-
tion heat. Excessive heat production
caused by worn drills can result in
failure to achieve osseointegration.5,6

It has also been proven that heat pro-
duction and, with it, the potential for
damage increase with the depth of os-
teotomy.7 An osteotome is a surgical
tool used for bone cutting or marking.8

Dental osteotomes are hand surgical
instruments that can form and shape
bone preparation for the placement
of dental implants.9,10 Bone density is
directly proportional to the percent of
bone-implant surface contact, which
is one of the critical determinants of
implant success. The posterior maxilla
shows often a D3, D4 bone density

that is characterized by soft trabecular
bone.11–15 In these clinical conditions,
the adoption of dental osteotomes to
perform the implant site preparation is
highly recommended.16–20 The less the
bone resistance, the more indication
there is for consideration of the use of
the osteotomes to compact the bone.16

It has been demonstrated that after
bone condensing, significantly higher
implant stability was recorded immedi-
ately after surgery and during the whole
observation period of 6 weeks com-
pared with bone-drilling technique.21

Consequently, the bone-condensing
technique is highly recommended as
an alternative surgical approach for

implant site preparation in reduced
bone density. Although there is well-
documented information about the
temperature generated by implant site
preparation with surgical drills,2,5–7 no
evidence is available about the heat
production during implant site prepara-
tion with manual instruments. The aim
of the present study was to assess the
heat production during osteotomy prep-
aration for dental implants with com-
pressive osteotomes.

MATERIALS AND METHODS

In the present study, brand new
compressive concave osteotomes were
tested (Winsix Biosaf, Ancona, Italy). A
series of 25 implant site preparations
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Background: To assess heat
production using osteotomes under
conditions simulating implant place-
ment in D3, D4 bone.

Material and Methods: Implant
osteotomes were tested (Winsix, Bio-
safin, Italy). Site preparations were
performed on porcine ribs through
a compressive fashion. The ribs were
partially immersed in a custom-made
water bath/water pump system that
maintained the baseline temperature
at 36°C. Temperatures generated at
different depths (2, 5, and 9 mm) dur-
ing a series of 25 osteotomies were
measured using 3 thermocouples
connected to a digital thermometer.

Results: The mean temperatures
never exceeded 37°C and were all sig-
nificantly lower than those reported

during preparation with standard
implant drills. Statistical evaluation
of the temperature during implant site
preparation showed slight significant
variations between the baseline values
and those of the different depth prep-
arations.

Conclusions: Within the limits
of this study, the production of heat
during implant preparation using
osteotomes shows significant varia-
tions at different depths. However,
these variations are not clinically
relevant because they never increased
over the values that negatively
affect bone that may jeopardize
osseointegration. (Implant Dent
2013;22:1–4)
Key Words: osteotomes, dental
implants, heat production
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were performed on porcine ribs through
a compressive approach with surgical
osteotomes by a single experienced
operator. Temperatures generated at dif-
ferent depths (2 mm: T1; 5 mm: T2; and
9 mm: T3) were measured for each
osteotome at each implant preparation.
Porcine ribs were used because bone

density and the relationship between
cortical and cancellous bone are similar
in porcine bone and in human maxillary
bone. In fact, the bone density of this
animal model is similar to D3, D4 bone
as classified by Misch.12 The specimens
were secured in a custom-made screw
assisted metal holder. Three canals for
thermocouples, 1 at T1 depth and the
others at T2 and T3 depths, were drilled
into each specimen using a 1.5-mm twist
drill and intermittent cutting at a distance
of 1 mm form the implant site similar
to what was previously described22,23

( F1Fig. 1). The thermocouples were
secured to the bone blocks and insulated
from outer environment with sticky wax
applied to the canal opening. The ther-
mocouples were connected to a digital
thermometer (BK Precisione Type K,
Taiwan), which allowed constant read-
ing of the temperature within the bone
block. The bone block was partially
immersed in a custom-made water bath/
water pump system that allowed control
of the baseline bone temperature, which
was set at 36°C. The surgical osteotomes
used in the present study show a concave
tip (to retain saline, carry the bone, and
exert less pressure on the sinus mem-
brane when used for sinus elevation),
a sharpened edge (to add shaved bone
as graft material), and a continuous taper
(to gradually compact the layers of bone
adjacent to the osteotomy) design. The
complete set of osteotomes is composed
of 6 instrumentswithdifferent diameters.
The first 2 osteotomes show different
diameters (2.0 and 2.2 mm) and a small
very sharpened tip that is useful to start
the site preparation by seating the instru-
ment into the cortical bone and then pass
through it. The following osteotomes all
show a concave sharp tip and different
increasing diameters (3.3, 3.8, 4.5, and
5.2mm), thus allowing the implant prep-
aration by cutting and condensing
the bone until the planned depth and

simultaneously enlarging the osteotomy.
The preparation of implant sites with
the manual osteotomes was performed
by activating the different osteotomes
with a surgical mallet in a cumulative
way until the planned diameter (4.5
mm) and depth (9 mm) were reached
( F2Figs. 2 and F33). After 5, 10, and 25 series
of osteotomies, the manual instruments
were cleaned with alcohol prep pads
(Select Medical Devices, Jacksonville,
FL) and then sterilized with an autoclave
device. Values were expressed as mean
6 standard deviation. ANOVA test for
repeated measures was used to compare
the mean temperatures obtained for each
CW osteotomes over different depths
(T1, T2, and T3) and to compare the
mean temperatures obtained at each dif-
ferent depth (T1, T2, and T3) using all
the CW osteotomes (I–V). Nonparamet-
ric analysis (Kruskal-Wallis test) was
adopted to assess differences in heat gen-
eration (mean of T1 + T2 + T3 in each of
the 25 preparations) using each single
osteotomeduring the series of 25 implant
site preparations. The value for statistical
significance was set at P value, 0.05.

RESULTS

In all the series of 25 preparations
performed with each osteotome, the
single temperatures recorded by the
digital thermometer never exceeded
38°C. The mean temperatures never ex-
ceeded37°C ( T1Table 1). TheANOVAfor
repeated measure showed significant
differences (P, 0.001) inmean temper-
atures generated by each osteotome at
the 3 different depths (T1, T2, and T3)
during the series of 25 implant site prep-
arations. As a matter of fact, differences
were found between the T1 and T2 and
T3 temperatures. The analysis to assess
mean temperatures generated during the
implant site preparation in each depth
(T1, T2, and T3) using the various CW

Fig. 1. Three canals for thermocouples at
different depths (2, 5, and 9 mm) were drilled
on the external surface of each specimen.
The implant sites were done on the upper
surface of the specimen.

Fig. 2. The preparation of implant sites was
performed with the manual compressive
osteotomes in a progressive cumulative way.
On the left side, a 8-mm depth osteotomy
was performed with a 3.8-mm diameter os-
teotome, whereas on the right side, a 9-mm
depth osteotomy with a 4.5-mm diameter
osteotome is displayed.

Fig. 3. Two 9-mm deep adjacent osteoto-
mies (3.8 and 4.5 mm diameter) with an in-
terimplant distance of 15 mm were
performed.

Table 1. Mean Temperatures Generated at Different Depths With the CWI–CWV
Osteotome

Variables T1 (Mean 6 SD) T2 (Mean 6 SD) T3 (Mean 6 SD) P

CWI 36.07 6 0.31 36.47 6 0.34 36.53 6 0.41 ,0.001
CWII 36.02 6 0.31 36.63 6 0.53 36.58 6 0.41 ,0.001
CWIII 36.04 6 0.28 36.68 6 0.46 36.70 6 0.52 ,0.001
CWIV 36.05 6 0.50 36.54 6 0.47 36.59 6 0.38 ,0.001
CWV 36.04 6 0.38 36.60 6 0.56 36.63 6 0.45 ,0.001
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osteotomes (osteotomes I–V) showed
no significant difference (P . 0.05).
Kruskal-Wallis test did not show any
significant difference in heat genera-
tion (T1 + T2 + T3 mean) using each
single osteotome during the series of
25 implant site preparations (T2 Table 2).

DISCUSSION

Excessive heat production during
implant site preparation may compro-
mise osseointegration and determine
implant failure. In sites of minimal bone
density, the use of compressive osteo-
tomes to preserve the maximum amount
of bone and to improve the primary
stability was suggested.24,25 The aim
of the present in vitro study was to eval-
uate the heat production generated
by compressive osteotomes during
implant site preparations under condi-
tions simulating minimal (D3, D4) bone
density. In all the 25 preparations, the
temperatures generated using each sin-
gle osteotome never exceeded 38°C.
The mean temperatures never exceeded
37°C. Statistical evaluation of differen-
ces in mean temperatures generated by
each osteotome at the 3 different depths
(T1, T2, and T3) during the series of 25
implants site preparations showed sig-
nificant differences. Differences were
evident between the T1 and T2 and T1
and T3 temperatures. Although these

differences were statistically significant,
they are not to be considered relevant
from the clinical point of view. In fact,
all the temperatures were so far from the
temperatures that are considered harm-
ful for bone vitality (temperature higher
than 47°C formore than 1minute).5 This
result is very important because it indi-
cates that compressive osteotomes are
safer devices in the preparation of the
implant site in comparison with rotatory
instruments (drills). Moreover, although
it has been demonstrated that, when
using drills, heat production and, with
it, the potential for damage increase with
the depth of osteotomy,7 the present
study showedminimal variations in tem-
peratures with the increase of the depth
of the manually prepared implant site.
Furthermore, no significant variation of
mean temperatures was observed using
osteotomes with increasing diameters.
These data may indicate that compres-
sive osteotomesmay be considered safer
instruments than drills when there is
a clinical need to obtain a deeper
site preparation into the bone. Finally,
the temperatures generated by each
single osteotome during the 25 implant
site preparations were homogeneous,
and no significant differences were
observed. There was a minimal instru-
ment wear that did not compromise the
bone vitality.

CONCLUSIONS

Within the limits of the present
in vitro study, the production of heat dur-
ing implant site preparation using com-
pressive osteotomes did not increase
over the values that negatively affect liv-
ing bone that may jeopardize osseointe-
gration (47°C). The mean temperatures
values are very homogenous and signif-
icantly lower than the mean values
reported during preparation with stan-
dard implant drills. Theminimal increase
of the temperature observed at higher
preparation depths is not relevant from
the clinical point of view.
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scopo
del lavoro
Si presenta un caso clinico 
di riabilitazione implantare e 
protesica full-arch maxillare. 
L’intervento chirurgico, effettuato 
con tecniche mininvasive, è 
guidato dalla dima chirurgica. 
L’obiettivo è verificare che il 
progetto chirurgico implantare, 
programmato con un software 
dedicato, risponda alle 
caratteristiche cliniche di 
precisione richieste. Anche la 
protesi provvisoria per il carico 
immediato, progettata con 
l’aiuto dello studio virtuale, 
deve soddisfare i parametri di 
funzionalità ed estetica. 

Materiali
e Metodi
Per la realizzazione di questa 
riabilitazione è stato utilizzato 
il software di diagnostica 
3Diagnosys 4.0 (3DIEMME) con 
il quale è possibile determinare 
il posizionamento implantare e 
costruire una dima chirurgica su 
modello CAD/CAM. La protesi 
postchirurgica (Toronto bridge) 
è stata realizzata su impronte 

di precisione e rinforzata con 
un innovativo sistema modulare 
(Clip Abutment Bar, Winsix) 
che consente al laboratorio di 
assemblare una barra preformata 
senza bisogno di fusioni 
metalliche, così da garantire un 
robusto rinforzo passivizzato del 
manufatto.

risultati
e conclusioni
La precisione in fase progettuale, 
sia della componente chirugico-
implantare che del layout 
protesico sviluppato sul software 
dedicato in 3D, giustifica 
l’impiego di questo approccio 
terapeutico nei casi di grandi 
riabilitazioni implanto-supportate 
dei mascellari edentuli. Estetica e 
funzionalità, verificate attraverso 
la clinica e l’esame tomografico 
di controllo, confermano la 
validità di questo protocollo. 
I risultati ottenuti seguendo 
l’accurato iter diagnostico e 
terapeutico sono predicibili e 
superano mediamente quelli 
ottenuti con altre metodiche 
tradizionali e di diagnostica 
computer assistita. 

aiM of the work
We present a clinical case of 
implant and full-arch maxillary 
prosthetic reconstruction. The 
surgical implant operation carried 
out with mini-invasive techniques 
is made through a surgical guide. 
The objective is to check that the 
surgical implant planning, obtained 
with the dedicated software, 
complies with the precise clinical 
characteristics required. Also the 
temporary crown for immediate 
loading, planned using the virtual 
projection, must adhere to the 
parameters of functionality and 
aesthetics. 

Materials
and Methods
In order to carry out this 
reconstruction, we used the 
3Diagnosys 4.0 (3DIEMME) 
diagnostic software, with which 
we’ve been able to plan the 
implant positioning and build the 
surgical guide using a CAD/CAM 
model. The post-surgical Toronto 
bridge prosthetic was built on 
the precise dental impressions 
made after flapless surgery and 
reinforced with an innovative 

modular system (Clip Abutment 
Bar, Winsix). This system allows 
the laboratory to assemble 
pre-shaped components without 
using metallic fusion, so to 
guarantee a strong correct 
passive fit.  

results
and conclusions
Planning-stage precision of both 
the implant-surgical side and 
the prosthetic layout developed 
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on the dedicated 3D software 
justifies the purpose of this 
therapeutic approach in cases of 
implant-supported reconstructions 
of edentulous jaws. Aesthetics 
and functionality, checked via the 
clinical exams and a CT scan, 
confirm this protocol to be valid. 
The final results can be predicted 
and they are - by average - over 
and above those obtained with 
traditional techniques and 
conventional prosthetics. 
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introduZione

un nuovo approccio terapeutico 
integrato 

ei pazienti che neces-
sitano della ricostruzio-
ne protesica implanto-
supportata di un’intera 
arcata deve spesso es-
sere considerata anche 

la necessità di una riabilitazione dell’e-
stetica facciale, che coinvolga non solo 
i processi alveolari e i denti, ma anche 
il terzo medio e inferiore del volto nella 
sua struttura complessiva. Questo avvie-
ne nel paziente edentulo perché l’atrofia 
ossea dei processi alveolari e dell’osso 
basale porta come conseguenza un 
drastico cambiamento della morfologia 
dei tessuti periorali, modificando l’inte-
ro aspetto del viso. Come insegnano i 
dettami per la costruzione di una protesi 
totale, anche nella progettazione di una 
protesi full-arch supportata da impianti 
vanno considerati diversi fattori: dalla ri-
costruzione dei rapporti interarcata alla 
salute articolare, alla fonazione.
Il nostro intervento coinvolge l’intero si-
stema stomatognatico. Occorre perciò 
avere un approccio multidisciplinare, 
che non si limiti alla scelta degli impianti 
in base alla disponibilità dell’osso resi-
duo, ma coinvolga già in fase progettua-
le tutti gli aspetti terapeutici dei quali la 
chirurgia non è che una componente. 
Nel caso trattato, l’analisi diagnostica 
è stata condotta secondo uno specifi-
co protocollo di indagini cliniche e stru-
mentali che abbiamo denominato CAR 
(Computer Aided Rehabilitation). Tale 
procedura include, oltre alla semeiotica 
clinica e strumentale classica e all’esa-
me obiettivo del viso (esame facciale), 

anche esami più approfonditi basati 
sull’elaborazione delle immagini tomo-
grafiche ottenute dalla CBTC del mas-
siccio facciale. Tra questi ricordiamo, 
ad esempio, la cefalometria 3D che è 
in grado di valutare i rapporti scheletrici 
e cutanei direttamente sulle immagini 
elaborate della TC (1, 2). Sulle immagini 
radiografiche tridimensionali, alle qua-
li è possibile oggi sovrapporre anche il 
progetto protesico proposto, possiamo 
progettare l’intervento chirurgico im-
plantare protesicamente guidato (3). Lo 
studio completo, trasferito poi al modello 
realizzato in CAD/CAM, permette al tec-
nico di confezionare la dima chirurgica e 
una precisa protesi provvisoria da impie-
garsi nel carico immediato, ancor prima 
dell’intervento chirurgico (figg. 1).
      

procedure diaGnostiche 

Clinicamente la fase diagnostica della 
CAR prevede un iter in diverse fasi. Da 
un punto di vista pratico gli strumen-
ti e i passaggi operativi impiegati nel 
trattamento del paziente comprendono 
l’esame obiettivo e la semeiotica clinica 
classica intra ed extraorale. Le fotogra-
fie diagnostiche sono utili  per l’esame  
facciale (4) e in un secondo tempo pos-
sono essere accoppiate allo studio tri-
dimensionale della TC (figg. 2 e 3). La 
diagnostica clinica e strumentale dell’oc-
clusione, con il montaggio in articolato-
re a valori medi dei modelli di partenza, 
fornisce importanti dati sulle eventuali 
correzioni da portare al montaggio dei 
denti, all’occlusione, ai rapporti interma-
scellari e alla dimensione verticale. Infi-
ne la diagnostica per immagini: si avvale 
delle indagini radiografiche di primo li-
vello come l’ortopantomografia, la tele-

n

Figg. 1 
Ricostruzione 3D delle basi 
ossee in “matching” sulle foto 
diagnostiche. Il programma 
diagnostico-terapeutico si basa 
sulle nuove tecnologie applicate 
alla diagnostica per immagini.

radiografia latero-laterale e le proiezioni 
endorali che completano la prima fase 
diagnostica di raccolta dei dati. 

proGraMMa terapeutico

Dopo aver bonificato l’arcata superiore 
dagli elementi dentali residui, non più 
recuperabili a causa della grave mobilità 
dovuta alla parodontopatia cronica, vie-
ne consegnata una protesi totale imme-
diata. Si procede poi con il montaggio 
dei modelli al fine di costruire valli di re-
gistrazione occlusale secondo il classico 
protocollo seguito in protesi totale. Il pia-
no di cure prevede anche la sostituzione 
dell’overdenture preesistente all’arcata 
inferiore, per correggere dimensione 
verticale e inclinazione del piano occlu-
sale dimostratesi incongrui (figg. 4).
Con i valli in relazione centrica, muniti 
di elementi radiopachi, si effettua una 
teleradiografia latero-laterale. L’esame 
cefalometrico può evidenziare la con-
gruità della riabilitazione proposta sia in 
relazione alle strutture scheletriche che 
al supporto dei tessuti molli periorali. 
Siamo così in grado di verificare pre-
cocemente la correttezza del progetto 
ricostruttivo protesico e di apportarvi 
eventuali modifiche strutturali prima di 
finalizzare la protesi diagnostica. Quan-
do la protesi diagnostica è funzionaliz-
zata e il suo riscontro clinico-estetico è 
soddisfacente si effettua la TC con la 
protesi inserita e in occlusione. 

programmazione integrata 
(computer assistita) del percorso 
riabilitativo

Alla protesi diagnostica, durante l’esa-
me CBTC esteso al massiccio facciale, 
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Figg. 2 
Visione dell’edentulia parziale 
maxillare in prima visita. Il 
programma terapeutico esclude 
il recupero degli elementi residui 
a causa delle gravi condizioni 
parodontali. Il progetto prevede 
la costruzione di due  protesi 
totali diagnostiche dalle quali 
si possano trarre informazioni 
fondamentali per il recupero 
delle funzioni orali.  

Figg. 3 
Le foto diagnostiche evidenziano 
una discreta conservazione 
dei rapporti facciali, malgrado 
l’edentulia all’arcata inferiore 
incorsa in età prematura e 
l’atrofia ossea conseguente siano 
solo parzialmente compensate 
dalla protesi rimovibile, con 
evidente riduzione delle 
dimensioni verticali del terzo 
inferiore del volto e insufficiente 
sostegno dei tessuti periorali. 

Figg. 4 
In seguito alla bonifica si 
procede con la costruzione di 
due protesi totali diagnostiche, 
secondo il protocollo classico 
per la realizzazione della 
protesi totale. Le protesi finite 
e funzionalizzate serviranno 
come guida al posizionamento 
protesicamente guidato degli 
impianti. La loro scansione 
ottica viene infatti trasferita al 
programma di progettazione 
degli impianti.
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Fig 5 
Panorex  prechirurgica

Figg. 6 
Il progetto computer guidato: sono 
programmati quattro impianti dei 
quali due inclinati a 30° e vengono 
scelti dalla libreria del software 
anche gli abutment con il loro 
ideale asse di rotazione. Grazie al 
“matching” delle scansioni ottiche 
è visibile la futura emergenza delle 
fixture dalla mucosa e il rapporto 
delle viti di serraggio con la 
sovrastruttura protesica.

Figg. 7 
L’esame cefalometrico in 3D 
secondo il protocollo TFA 
permette di individuare e 
misurare oggettivamente i 
parametri scheletrici e cutanei 
del progetto riabilitativo. Nelle 
immagini visualizzate sono 
misurati i rapporti scheletrici sul 
piano sagittale e le dimensioni 
verticali.
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abbiamo collegato un repere radiologico 
preformato. Questo permette al softwa-
re di pianificazione di leggere le coordi-
nate spaziali della TC rispetto al repere 
e sovrapporle alla scansione ottica della 
protesi. Il file in formato Dicom della to-
mografia è inserito nel programma de-
dicato alla progettazione dell’intervento 
implantare insieme ai file STL del mo-
dello e della protesi diagnostica. Grazie 
al procedimento Optical Fusion abbiamo 
sovrapposto le indagini radiografiche a 
quelle della protesi e dei tessuti, otte-
nendo una visione completa dei rapporti 
fra le fixture progettate e gli elementi 
della futura protesi, che deve essere 
identica alla protesi diagnostica, poiché 
già rispondente ai requisiti funzionali ed 
estetici. Dallo studio della TC, che inizia 
da una visione d’insieme delle strutture 
ossee sulla pseudopanoramica (fig. 5), 
si programma il numero e la posizione 
degli impianti necessari per sostenere la  
struttura protesica tipo Toronto bridge.
Le opzioni chirurgiche riabilitative pre-
vedono, in un paziente edentulo con 

questo grado di atrofia, l’elevazione del 
pavimento sinusale al fine di ricreare 
una quantità sufficiente di osso per un 
corretto supporto agli impianti. Qualora 
coesistano discrepanze orizzontali o ver-
ticali di grado significativo può rendersi 
necessario l’impiego di innesti ossei per 
la loro correzione (5). Essendo il nostro 
paziente un forte tabagista con concomi-
tanti patologie sistemiche cardiovascolari, 
si è optato per un intervento che preve-
desse l’utilizzo del solo volume osseo esi-
stente mediante la tecnica “Just on Four” 
flapless computer assistita (6, 7, 8, 9) per 
ridurre l’invasività chirurgica (figg. 6).
La verifica della congruità del proget-
to viene controllata attraverso lo studio 
cefalometrico in 3D (10, 11), realizzato sul 
modulo OMS del software Simplant (Ma-
terialise). La cefalometria delle parti molli 
serve per una validazione estetica e og-
gettiva degli effetti portati dal progetto 
protesico sul sostegno del labbro e sui 
rapporti del terzo medio e inferiore del 
viso (figg. 7).
Il  progetto digitale concluso viene tra-

sformato in un modello fisico con tecno-
logia CAD/CAM mediante fresatura e poi 
montato in articolatore. Su questo model-
lo, su cui vengono già montati gli analoghi 
degli impianti, il laboratorio costruisce sia 
la guida chirurgica che l’indice chirurgico: 
un vallo in silicone che il chirurgo utilizza 
per il corretto posizionamento della dima 
ad appoggio mucoso prima della sua fis-
sazione.

l’intervento flapless minivasivo 
guidato

Al paziente in anestesia locale viene po-
sizionata la dima chirurgica, verificandone 
il fitting con l’indice chirurgico. La dima è 
fissata con almeno 3 pin di fissazione, per 
renderla stabile durante tutto l’intervento. 
Dopo l’alesatura progressiva dei neo-
alveoli con frese dedicate guidate, si inse-
riscono gli impianti con mounter dedicati, 
anch’essi attraverso le cannule guida, che 
garantiscono l’inserimento senza margine 
d’errore rispetto al progetto (12).
Come da pianificazione di intervento con 

Figg. 8 
Le fasi chirurgiche: per 
l’inserimento degli impianti viene 
usato in kit specifico di frese 
e un mounter dedicato, propri 
della sistematica implantare 
utilizzata. Panorex di controllo 
post intervento.
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Figg 9
Il provvisorio per il carico 
immediato è una replica 
della protesi diagnostica, 
preconfezionato sul modello 
CAD/CAM. Viene forato in 
corrispondenza delle emergenze 
implantari e usato come porta-
impronta. I monconi a spalla 
variabile della barra in posizione 
sono utilizzati come transfert 
nell’impronta di posizione. 

tecnica Just on Four abbiamo inserito 
due impianti Winsix TTx 3,8 x 13 in zona 
22 e 12 e due impianti Winsix TTx 3,8 x 
15 in zona 14 e 24, inclinandoli di 30 gradi 
(figg. 8). Una volta rimossa la dima chi-
rurgica vengono montati gli abutment e il 
paziente è pronto per il rilevamento delle 
impronte. 

il carico immediato: finalizzazione 
della protesi dentoalveolare 
avvitata

Le impronte post chirurgia vengono rile-
vate direttamente sui monconi della barra 
assemblata usando come porta-impronte 
individuale la protesi precostruita sul mo-
dello CAD/CAM. Durante la  presa del 
polietere il paziente resta in occlusione 
centrica sul porta-impronte. Il paziente 
viene dimesso e porta la protesi diagno-
stica ancora una giornata in attesa del-
la finalizzazione del provvisorio avvitato 
(figg. 9).
In laboratorio le difficoltà principali riguar-
dano la rapidità di esecuzione e la preci-
sione del manufatto, che deve garantire 
la passivazione e il raggiungimento di un 
alto valore estetico (13). Nel caso in esa-
me, come struttura di supporto abbiamo 
utilizzato una linea protesica apposita-
mente studiata per la realizzazione di bar-
re a componenti preformate che vengono 
assemblate per un immediato e passivo 
supporto implantare (CAB-Clip Abutment 
Bar, Winsix). Alla struttura protesica pre-
confezionata è stata rimodellata l’esten-
sione della porzione rosa, inserita e resi-

nata la barra. La Toronto bridge, rifinita e 
lucidata, è stata consegnata al paziente, 
a ventiquattro ore dall’intervento, avvitata 
sugli abutment: il paziente ha dimostra-
to immediatamente grande benessere 
e soddisfazione per il risultato estetico 
(figg. 10). Dopo un accurato controllo 
dell’occlusione è stato inviato dall’igieni-
sta per l’istruzione alle manovre di igiene 
orale domiciliare (14).
       
Mantenimento 
e igiene professionale

Come per ogni altra tipologia di riabilita-
zione implantoprotesica, anche nel caso 
di soluzioni fisse full-arch su impianti 
inclinati il mantenimento nel tempo dei 
risultati ottenuti passa attraverso una 
scrupolosa igiene orale domiciliare, cui si 
affianca un programma di igiene profes-
sionale volto a completare quanto esegui-
to dal paziente nel quotidiano per evitare 
l’accumulo di placca sulle superfici prote-
siche e i pilastri implantari.
Attualmente sul mercato è possibile re-
perire moltissimi presidi domiciliari per 
l’igiene orale. Tra questi, i fili interdentali 
di tipo spugnoso, gli scovolini interprossi-
mali e gli spazzolini monociuffo si rivelano 
molto efficaci per pulire correttamente gli 
abutment e le basi protesiche, al fine di 
scongiurare l’insorgenza di processi flo-
gistici a carico dei tessuti perimplantari 
molli e duri.
Quanto fatto domiciliarmente non è tutta-
via sufficiente per operare un attento con-
trollo della flora batterica orale. È quindi 

necessario predisporre un programma di 
mantenimento professionale che consen-
ta da un lato di ottimizzare le condizioni 
igieniche della cavità orale, e dall’altro di 
intercettare precocemente l’insorgenza di 
eventuali complicazioni flogistiche o mec-
caniche. 
In sede professionale, per l’esecuzione 
della profilassi di igiene, buoni risultati si 
possono ottenere, ad esempio, attraverso 
l’impiego di sistemi di air-polishing veico-
lanti polveri a bassa granulometria che 
garantiscono efficacia nella rimozione 
della placca batterica e rispetto dei mate-
riali. Questi sistemi sono capaci di operare 
tanto in sede sopragengivale (quindi effi-
caci su abutment e superfici protesiche), 
quanto a livello del solco implantare (15). 
Accanto a queste sistematiche, per l’a-
sportazione di eventuali depositi di tarta-
ro, l’uso di inserti per ultrasuoni in plastica 
o rivestiti in materiale plastico rappresen-
ta, attualmente, un’efficace alternativa, nel 
rispetto della costruzione implantoprote-
sica (16). Se da un lato questa tipologia di 
dispositivi rappresenta lo “stato dell’arte” 
per il mantenimento professionale delle 
riabilitazioni implantoprotesiche, anche si-
stemi più tradizionali, come scaler in ma-
teriale plastico e/o coppette da profilassi 
in gomma morbida utilizzate con paste da 
lucidatua a bassa abrasività, dimostrano 
comunque una buona efficacia benché 
siano complesse da usare in aree cru-
ciali e di difficile accesso, come la base 
protesica in appoggio sulla mucosa, tipica 
delle riabilitazioni tipo Toronto bridge su 
impianti inclinati (figg. 11). 
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Figg.10 
La barra CAB appena assemblata 
e avvitata sul modello prima del 
bloccaggio delle componenti 
col cemento per metalli, la 
rifinitura e la lucidatura finale 
con la massima cura anche nelle 
zone di ponti.  (Realizzazione 
odontotecnica: Laboratorio 
Lazetera, Savona).

Figg.11
Visita di controllo del provvisorio 
avvitato per la verifica del 
mantenimento dell’igiene 
orale domiciliare. L’istruzione 
del paziente sulle tecniche di 
mantenimento e la scelta dello 
strumentario sono fondamentali 
per la salute dei pilastri 
implantari nel tempo.

conclusioni

Una delle critiche mosse alla proget-
tazione computer assistita è stata per 
un lungo periodo la sua imprecisione 
una volta trasferita al modello fisico. Le 
performance di affidabilità e precisione 
dipendono da molti fattori: dalla qualità 

delle immagini tomografiche, dalla fe-
deltà del modello e, non ultimo, dal posi-
zionamento della dima e dalle tolleranze 
della componentistica chirurgica.
È quindi corretto, al termine della fase 
chirurgica, ripetere l’esame CBTC per 
controllo e per una misurazione affi-
dabile della precisione ottenuta nel 

posizionamento guidato degli impianti. 
Sovrapponendo i due esami in maniera 
automatica è possibile misurare l’errore 
tra progettazione e performance clinica. 
I risultati di questa metodica, del tutto 
confortanti e ben superiori della media 
riportata nelle review della letteratura 
sono illustrati nella figura 12 (17, 18, 19).
         

Fig.12 
Matching tra progetto ed effettivo 
posizionamento delle fixture. 
Scostamento medio lineare al 
collare degli impianti 0,76 mm, 
all’apice 0,92 mm, scostamento 
angolare medio 3,79 mm.  
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Airpolishing: protocollo 
sperimentale di studio in vitro per 
la gestione dei pazienti implantari 
affetti da mucosite e perimplantite

• Pier Paolo Paganin 
Dottore in Igiene Dentale 

L’implantologia nella riabilitazione orale 

dei pazienti parzialmente o totalmente 

edentuli è un trattamento universalmente 

accettato con predicibilità a 5 anni >95%1. 

Un posto di rilievo lo occupano le patologie 

peri-implantari, termine collettivo usato 

per indicare le alterazioni patologiche 

dei tessuti che circondano gli impianti, 

indotte per la maggioranza dei casi da 

placca batterica. Con il termine mucosite 

si intende l’infiammazione reversibile che 

interessa i soli tessuti molli peri-implantari, 

mentre la peri-implantite determina una 

reazione flogistica responsabile di un 

rapido riassorbimento osseo progressivo 

fino alla perdita funzionale della fixture. Le 

mucositi hanno un’incidenza in circa l’80% 

dei soggetti (50% dei siti) riabilitati con 

impianti. Le peri-implantiti, invece, incidono 

tra 28-56% dei soggetti (12-40% dei siti)2. 

L’European Federation of Periodontology 

(2006) aveva già definito l’importanza dei 

seguenti punti per il mantenimento a 

medio lungo termine del risultato ottenuto 

con la rabilitazione implantare: buona 

igiene orale domiciliare, diagnosi corretta e 

controllo dentale. 

Le complesse cause eziopatogenetiche 

di queste patologie sono riconducibili 

all’infezione da placca batterica nel 

caso della mucosite, mentre nella 

peri-implantite sono attribuibili a un 

duplice meccanismo eziopatogenetico 

rappresentato dall’infezione da placca 

batterica con o senza l’associazione di 

complicanze tecniche come il sovraccarico 

biomeccanico. Diversi studi confermano 

che i batteri responsabili della parodontite 

sono essenzialmente gli stessi ritrovati 

nelle tasche peri-implantari con sondaggio 

patologico (anaerobi e Gram negativi: 

Actynomyceten-comitans, Porphyromonas 

gengivalis, Prevotella intermedia, Spirochete). 

È stato dimostrato come le due lesioni 

(peri-implantite/parodontite) siano 

diverse in quanto la prima si sviluppa 

in maniera meno regolata e molto 

più aggressiva rispetto alla seconda. È 

necessario sottolineare che entrambe 

le patologie hanno gli stessi fattori di 

rischio: scarsa igiene orale, fumo, malattie 

sistemiche (diabete non compensato, 

ipercolesterolemia), gravidanza, familiarità. 

La rapida evoluzione clinica delle peri-

implantiti è dettata da caratteristiche 

anatomiche peculiari. Sull’impianto non vi 

è cemento radicolare né inserzioni di fibre 

collagene; inoltre queste ultime decorrono 

parallelamente all’impianto e non 

perpendicolarmente come naturalmente 

nel dente. La sola barriera che previene la 

disseminazione batterica nel solco peri-

implantare è costituita dal sigillo creato 

dalle fibre circolari. Necessariamente, prima 

e dopo la riabilitazione implantoprotesica 

tutti i pazienti devono essere inquadrati 

in un programma di mantenimento 

adeguatamente disegnato per le 

individuali necessità denominato “Terapia 

Parodontale di Supporto” (TPS). Nella fase 

diagnostica vengono valutati, a livello 

degli impianti, i seguenti parametri: Indice 

di Placca; Sanguinamento al Sondaggio; 

Suppurazione; Sondaggio peri-implantare; 

Evidenza radiografica di perdita ossea. Sulla 

base della valutazione di questi parametri 

diagnostici fondamentali, il professor Andrea 

Mombelli consiglia di procedere all’adozione 

del protocollo terapeutico CIST (Cumulative 

Interceptive Supportive Therapy) elaborato 

da lui et al. nel 1999. Si tratta di un protocollo 

cumulativo composto da quattro terapie 

di intervento specifiche, o associate o in 

sequenza a seconda del crescente potenziale 

antibatterico da adottare in proporzione alla 

severità e all’estensione della lesione: 

■ A. Detossificazione meccanica (presenza 

di placca e tartaro sui tessuti peri-implantari, 

sanguinamento al sondaggio, sondaggio 

peri-implantare ≤4); 

■ B. Terapia antisettica (da applicare se ai segni di 

infiammazione riportati al punto “A” si aggiunge 

un sondaggio peri-implantare di 4-5 mm); 

■ C. Terapia antibiotica (se sondaggio peri-

implantare >5 e difetto osseo apprezzabile 

radiograficamente). 

Effettuate queste prime tre fasi del protocollo 

CIST, si può procedere al protocollo 

chirurgico D, solo in caso di remissione 
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dell’infiammazione e dell’infezione con 

assenza di segni di suppurazione: 

■ D. Terapia chirurgica.  In base a considerazioni 

estetiche e alle caratteristiche morfologiche 

del difetto si può considerare l’esecuzione di 

una chirurgia rigenerativa o resettiva; 

■ E. Espianto inevitabile qualora l’impianto 

raggiunga la mobilità.

L’aspetto sperimentale
Grazie a un attento lavoro di ricerca, la 

comunità scientifica internazionale è 

d’accordo nel considerare i dispositivi 

implantari con le superfici rugose i presidi 

migliori vs i dispositivi implantari con 

le superfici liscie perché favoriscono 

meglio e più velocemente il processo di 

osteointegrazione. La nota sfavorevole della 

superficie rugosa è rappresentata dalla 

ritenzione batterica consentita grazie alle 

asperità presenti3,4.

Attualmente le strumentazioni come curette 

da impianti, ablatore con punte in materiale 

plastico e laser non sono considerate un 

trattamento elettivo in grado di soddisfare 

appieno l’esigenze di rimozione della 

placca batterica e, inoltre, creano dei danni 

irreversibili sulle superfici5,6.

Materiali e metodi
Per lo studio abbiamo utilizzato un 

apparecchio dell’azienda EMS (Electro Medical 

System SA di Nyon, CH) ed è stata usata una 

nuova unità “AirFlow Master” che permette 

di avere a disposizione una pressione di 

lavoro di circa 5 bar per l’aria e 4,5 bar per 

l’acqua. Due serbatoi di polvere sono previsti 

e utilizzabili in modo alternato. Due cordoni 

indipendenti con i rispettivi manipoli per 

AP sono stati così preparati in modo tale da 

poter disporre di circuiti aria-acqua-polvere 

completamente separati. Per una maggiore 

predicibilità di trattamento si è preferito 

adottare un’unica configurazione di settaggio 

(max-polvere e max-flusso di acqua). Il sistema 

è stato preparato con un doppio serbatoio/

circuito nella funzione convenzionale AirFlow 

(pressione out-put circa 5 bar) così da non 

avere né diversi parametri di valutazione né 

mix tra le polveri Soft e Perio all’interno del 

sistema durante il trattamento che potessero 

inficiare i risultati finali (Figure 1-2).

Sono stati prodotti n. 12 dischetti in titanio 

non sterili gentilmente forniti dall’azienda 

BioSaf. Le dimensioni dei dischetti erano di 8 

mm di diametro per uno spessore di 2 mm 

(Figura 3). 6 (primo gruppo test) presentavano 

trattamento di superficie FCC (Full Contact 

Covering (Figure 4a e 4b). 

FCC è una nuova superficie ottenuta 

elettrochimicamente dove lo strato di ossido 

superficiale naturale dell’impianto viene 

accresciuto “esplosivamente” generando una 

superficie porosa. Il processo scaturisce da 

una differenza di potenziale tra un elettrodo 

e il “dispositivo implantare” da trattare, che 

si comporta come anodo immerso in una 

soluzione conduttiva. 

La dimensione e la forma dei pori dipendono 

direttamente dalle condizioni del processo. 

Numerosi studi in vitro hanno osservato che la 

nanotopografia influenza il comportamento 

cellulare, favorendone l’adesione alla 

superficie dell’impianto e migliorando, perciò, 

la velocità di guarigione e le percentuali 1. Air Flow Master (EMS Sa).

3. Dimensioni dischetti.

2. Manipolo su stativo magnetico e flaconi 
polveri Soft/Perio (EMS Sa).

4a-4b. Dischetti FCC.

4a.

4b.
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di successo in situazioni difficili come per 

esempio osso di scarsa qualità)7-9.

L’analisi SEM degli impianti Full Contact 

Covering (FCC) ha mostrato, a basso 

ingrandimento, una morfologia e una 

microrugosità di superficie ancora più 

regolare di quella SLA, mentre a un elevato 

ingrandimento (2000 x) il trattamento 

elettrochimico ha conferito un tipico 

aspetto microscopico, costituito da valli 

poco profondi e creste simili a “vulcani”. 

Il secondo gruppo test era formato da 

6 dischetti in titanio con trattamento 

di superficie SLA (Sand-blasted, Large 

grit, Acidetched), ossia tutto il corpo 

dell’impianto è stato trattato con un 

processo di asportazione di materiale 

tramite sabbiatura differenziata. Un 

procedimento che eliminava il rischio 

di contaminazione e riduceva quello di 

diffusione di particelle di titanio durante 

l’intervento chirurgico. 

A questo si è sommato un procedimento 

di acidificazione per creare ulteriori 

microanfratti, inferiori ai 2 µm, che 

migliorassero l’adesione cellulare e quindi 

accelerassero il processo di guarigione dei 

tessuti-ossei. 

Entambi i gruppi tests (FCC + SLA) sono stati 

trattati dal laboratorio Nobel BioRicerche 

di Portocomaro di Asti che si è occupato 

anche di produrre sia le scansioni al SEM 

del gruppo di controllo che le scansioni al 

SEM di tutti i campioni post trattamento 

AirPolishing.

Successivamente si è provveduto a dividere 

le tipologie di dischetti (FCC e SLA) in 2 

sottogruppi di lavoro. 

Un numero di 3 dischetti FCC è stato 

denominato con la lettera A e poi numerato 

rispettivamente in 1 A, 2 A, 3 A e quindi 

sottoposto a 3 diversi “step” di esposizione 

al getto di AP per un tempo di trattamento 

con polvere EMS Soft rispettivamente di 5” 

per il dischetto 1 A, 10” per il dischetto 2 A, 

20” per il 3 A (Tabella 1).

3 dischetti del secondo sottogruppo 

FCC sono stati denominati 1 B, 2 B, 3 B e 

sottoposti a ulteriori 3 “step” con lo stesso 

criterio di esposizione del gruppo A, ma con 

polvere EMS Perio (Tabella 2).

Successivamente, il gruppo di 6 dischetti 

con superficie SLA è stato suddiviso in 

2 sottogruppi da tre elementi ciascuno 

e denominati 1 C, 2 C, 3 C e 1 D, 2 D, 

3 D e trattati con parametri uguali ai 

gruppi di dischetti con superficie FCC. 

Schematicamente, così rappresentato: 

(A) = (C) e (B) = (D).

Dunque con tempi di esposizione e tipi di 

polveri (Soft e Perio) identici all’esperimento 

eseguito sul gruppo di dischetti FCC 

(Tabelle 3 e 4).

Ulteriori trattamenti con le stesse modalità 

sono stati riservati a un gruppo di studio 

inserito in questa sperimentazione come 

ulteriore parametro comparativo. 

Il quinto gruppo test era rappresentato da 4 

denti denominati 1 E, 2 E, 3 E, 4 E. 

Dopo essere stati estratti sono stati immersi 

in soluzione fisiologica sodio cloruro al 

0,9%. Nelle 24 ore successive i denti hanno 

subito il trattamento con l’AP che è stato 

indirizzato sulle superfici radicolari con la 

polvere Perio Ø <63 µm sottoponendoli 

agli stessi protocolli di lavoro utilizzati per 

trattare i dischetti in titanio del gruppo B 

(FCC) e D (SLA) (Tabella 5). 

Preventivamente al trattamento AP tutti 

i denti sono stati trattati con colorazione 

con eritrosina che ha pigmentato tutta la 

superficie radicolare. 

Dopo il trattamento i denti sono stati 

separati e messi in soluzione di formalina 

tamponata al 10% (formaldeide al 4%). Tutti 

i dischetti e i denti sono stati trattati dallo 

stesso operatore e sottoposti al flusso dell’AP a 

una distanza di circa 5 mm (Figure 5-7).

Dopo il trattamento i dischetti FCC e SLA sono 

stati sottoposti a una procedura di detersione 

per rimuovere i residui di polvere dalle 

superfici prima di essere inviati al laboratorio 

Nobel BioRicerche per i risultati. 

Tabella 1 - Protocolli 
di trattamento gruPPo a.                                                                                     

 trattamento Polvere Soft

Superficie  5 sec 10 sec 20 sec

FCC 1a X

FCC 2a X

FCC 3a X

Tabella 2 - Protocolli 
di trattamento gruPPo B.

 trattamento  Polvere Perio  

Superficie  5 sec 10 sec 20 sec

FCC 1b X

FCC 2b X

FCC 3b X

Tabella 3 - Protocolli 
di trattamento gruPPo c.

 trattamento  Polvere Soft  

Superficie  5 sec 10 sec 20 sec

Sla 1C X

Sla 2C X

Sla 3C X

Tabella 4 - Protocolli 
di trattamento gruPPo d.

 trattamento  Polvere Perio  

Superficie  5 sec 10 sec 20 sec

Sla 1D X

Sla 2D X

Sla 3D X

Tabella 5 - Protocolli 
di trattamento gruPPo d.

 trattamento Polvere Perio  

Sup. Radicolare 5 sec 10 sec 20 sec

Dente 1e X

Dente 2e X

Dente 3D X

Dente 4D X
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Le immagini al SEM sono state effettuate al 

fine di evidenziare su tutti i campioni trattati, 

titanio e denti, eventuali danni iatrogeni 

provocati dall’effetto meccanico (abrasione) 

creato dall’AP. Le osservazioni microscopiche 

sono state eseguite con uno strumento SEM 

LEO 420 (Leo Electron Microscopy Ltd). 

Sono state realizzate immagini a 

ingrandimenti 500 x, 2000 x, 5000 x, 7500 x 

per i dischetti e 100 x, 500 x, 2000 x e 5000 x 

per i denti. 

Preventivamente con il SEM avevamo 

provveduto a creare un caso controllo per 

entrambe le superfici dei dischetti, mentre il 

controllo delle superfici radicolari è 

stato eseguito lontano dalle aree trattate 

con l’AP.

Risultati
Per meglio comprendere, commentare e 

diversificare i risultati delle superfici trattate, 

d’accordo con il laboratorio che ha effettuato 

le scansioni al SEM abbiamo adottato un 

sistema di codifica con valori da 0-1-2-3 

assegnandola a ognuno dei campioni a 

seconda del grado di effetto meccanico 

dell’AP mostrato dal SEM nei confronti del 

controllo. 

La codifica prevedeva un valore crescente 

rispetto al danno iatrogeno. 

Quindi un valore ≤0 se il campione non 

mostrava variazioni post-trattamento, 

passando per i vari step: un valore ≥1 se il 

danno visibile risultava lieve; un valore ≥2 

qualora il danno era netto; un valore ≥3 in 

caso di danno palese. 

I dischetti (A) esaminati al SEM si presentano 

come qui di seguito descritto. 

 ■ 1 A: la morfologia della superficie appare 

leggermente modificata con l’estremità 

dei crateri smussati e appiattiti (Figura b); 

mostrando lievi differenze (codice 1) con il 

controllo (Figura a).

 ■ 2 A: la morfologia della superficie appare 

nettamente modificata (codice 2) (Figura d) 

con l’estremità dei crateri decapitati rispetto 

al controllo (Figura c).

 ■ 3 A: il campione è poco valutabile e con 

un danno iatrogeno palese (codice 3) di 

superficie (Figura f ) a causa dei tempi 

troppo lunghi di esposizione; sembra 

scomparso completamente l’ossido di 

5. Distanza di lavoro.

7. Dente 1 E prima del trattamento.

6. Trattamento AP dischetto. 

a. FCC: controllo a 5000 x.

d. FCC: dischetto 2 A a 5000 x.

c. FCC: controllo a 5000 x.

b. FCC: dischetto 1 A a 5000 x.
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titanio rispetto al controllo (Figura e).

I dischetti (B) esaminati al SEM si presentano 

come qui di seguito descritto. 

 ■ 1 B: non ci sono danni iatrogeni; la 

superficie (Figura h) risulta integra  

(codice 0) e sovrapponibile al controllo 

(Figura g).

 ■ 2 B: la morfologia della superficie appare 

lievemente modificata (codice 1) (Figura 

k) con danni per l’estremità dei crateri 

più esposti al getto dell’AP rispetto al 

controllo (Figura i).

 ■ 3 B: il campione è poco valutabile e 

con un danno iatrogeno di superficie 

evidente (codice 3) (Figura m) e a causa 

dei tempi troppo lunghi di esposizione 

la stessa sembra intrisa di polvere 

depositata tra le rugosità; sembra essere 

scomparso completamente l’ossido di 

titanio rispetto al controllo (Figura l).

I dischetti (C) esaminati al SEM si presentano 

come qui di seguito riportato. 

 ■ 1 C: la morfologia della superficie appare 

leggermente modificata (Figura o) con 

lievi differenze (codice 1) con il controllo 

(Figura n).

 ■ 2 C: l’immagine della superficie appare 

appiattita e arrotondata (Figura q); il 

confronto con il controllo mostra un lieve 

codice 1, ma visibile danno iatrogeno 

(Figura p).

 ■ 3 C: il campione è poco valutabile e con 

un palese danno iatrogeno (codice 3) 

di superficie (Figura s); la stessa sembra 

intrisa di polvere depositata sulla 

rugosità. Potrebbe essere scomparso 

e. FCC: controllo a 7500 x.

f. FCC: dischetto 3 A a 7500 x. 

g. FCC: controllo a 5000 x. 

k. FCC: dischetto 2 B a 5000 x.

i. FCC: controllo a 5000 x. 

h. FCC: dischetto 1 B a 5000 x.

l. FCC: controllo a 7500 x.

m. FCC: dischetto 3 B a 7500 x.

n. SLA: controllo a 5000 x.

o. SLA: dischetto 1 C a 5000 x.



411

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

20 13

l’igienista moderno
marzo 2013

43

completamente l’ossido di titanio rispetto 

al controllo (Figura r).  

I dischetti (D) esaminati al SEM si 

presentano come qui di seguito descritto. 

 ■ 1 D: non ci sono danni iatrogeni evidenti 

(codice 0) sulla superficie (Figura u) e 

nessuna differenza con il controllo (Figura t). 

 ■ 2 D: la morfologia della superficie appare 

lievemente modificata (codice 1) (Figura 

w) con danni visibili minimi rispetto al 

p. SLA: controllo a 5000 x. 

s. SLA: dischetto 3 C a 7500 x.

r. SLA: controllo a 7500 x.

q. SLA: dischetto 2 C a 5000 x.

controllo (Figura v).

 ■ 3 D: il campione è poco valutabile e 

con un danno iatrogeno di superficie 

(Figura z) evidente (codice 3) a causa 

dei tempi di esposizione troppo lunghi; 

la polvere dell’AP si è depositata sulla 

rugosità e potrebbe essere scomparso 

completamente l’ossido di titanio rispetto 

al controllo (Figura y).

Le superfici radicolari dei denti trattati si 

presentavano al SEM come segue.

 ■ 1 E: la superficie radicolare del dente 

appena estratto e trattato nelle 24 ore 

successive e poi sottoposta al getto 

dell’AP per 5 sec.  

Finita l’esposizione di 5 sec all’AP 

con polvere Perio l’area sottoposta 

alla miscela aria acqua e polvere 

si mostrava a occhio nudo pulita 

dal pigmento eritrosina, ma con 

un’apparente depressione sulla radice 

come visibile a basso ingrandimento (x 

100) per poi scomparire e mostrare il 

cemento radicolare integro a maggiori 

ingrandimenti (codice 0) (x 500; x 2000; 

x 5000). Il controllo x 2000 e x 5000 

t. SLA: controllo a 5000 x. 

w. SLA: dischetto 2 C a 5000 x.

v. SLA: controllo a 5000 x.

u. SLA: dischetto 1 D a 5000 x.

y. SLA: controllo a 7500 x.     

z. SLA: dischetto 3 D a 7500 x.
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probabilmente strappato durante le 

manovre di avulsione (Figure 1 E/1-1 E/6). 

 ■ 2 E: finita l’esposizione di 5 sec all’AP  

con polvere Perio l’area sottoposta alla 

miscela aria acqua e polvere si mostrava 

a occhio nudo pulita dal pigmento 

eritrosina, ma con un’apparente 

depressione sulla radice visibile a basso 

ingrandimento (x 100) per poi scomparire 

e mostrare il cemento radicolare integro a 

ingrandimenti eseguito sulla stessa 

superficie radicolare, ma lontano dalla 

zona trattata, ci mostra l’intreccio 

delle fibre del legamento parodontale 

perfettamente adeso al cemento 

1 E/4. Radice dentale nell’area trattata a 5000 x.

1 E/1. Radice dentale nell’area trattata a 100 x. 1 E/2. Radice dentale nell’area trattata a 500 x. 1 E/3. Radice dentale nell’area trattata a 2000 x.

1 E/6. Radice dentale non trattata a 5000 x.1 E/5. Radice dentale non trattata a 2000 x. 

2 E/6. Radice dentale non trattata a 5000 x.

2 E/1. Radice dentale nell’area trattata a 100 x. 2 E/2. Radice dentale nell’area trattata a 500 x. 2 E/3. Radice dentale nell’area trattata a 2000 x.

2 E/4. Radice dentale nell’area trattata a 5000 x. 2 E/5. Radice dentale non trattata a 2000 x.   



413

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

20 13

l’igienista moderno
marzo 2013

46

P prevenzione - implantologia

adeso al cemento e forse strappato 

durante le manovre di avulsione 

(Figure 2 E/1-2 E/6). 

 ■  3 E: finita l’esposizione di 10” all’AP con 

polvere Perio l’area sottoposta alla miscela 

aria acqua e polvere si mostrava a occhio 

nudo pulita dal pigmento eritrosina, ma 

con una depressione sulla radice visibile 

a basso ingrandimento (x 100) per poi 

mostrare assenza di cemento radicolare e 

3 E/2. Radice dentale nell’area trattata a 500 x. 3 E/1. Radice dentale nell’area trattata a 100 x.  

3 E/4. Radice dentale nell’area trattata a 5000 x.

3 E/3. Radice dentale nell’area trattata a 2000 x.    

maggiori ingrandimenti (codice 0) (x 500; 

x 2000; x 5000). Il controllo (zona non 

trattata) x 2000 e x 5000 ingrandimenti 

ci mostrano l’intreccio di fibre del 

legamento parodontale perfettamente 

3 E/5. Radice dentale non trattata a 2000 x.  3 E/6. Radice dentale non trattata a 5000 x.

4 E/1. Radice dentale nell’area trattata a 100 x.       

4 E/6. Radice dentale non trattata a 5000 x. 4 E/5. Radice dentale non trattata a 2000 x. 4 E/4. Radice dentale nell’area trattata a 5000 x.

4 E/3. Radice dentale nell’area trattata a 2000 x. 4 E/2. Radice dentale nell’area trattata a 500 x.
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tubuli dentinali visibili (codice 2) a maggiori 

ingrandimenti (x 500; x 2000; x 5000).        

Il controllo a ingrandimenti x 2000 e 

x 5000 eseguito sulla stessa superficie 

radicolare, ma lontano dalla zona 

trattata, ci mostra l’intreccio di fibre del 

legamento parodontale perfettamente 

adeso al cemento probabilmente 

strappato durante le manovre di avulsione 

(Figure 3 E/1-3 E/6). 

 ■ 4 E: finita l’esposizione di 20 sec all’AP 

con polvere Perio l’area sottoposta 

alla miscela aria acqua e polvere si 

mostrava a occhio nudo pulita dal 

pigmento eritrosina, ma con un’evidente 

depressione sulla radice visibile a basso 

ingrandimento (x 100) per poi mostrare 

l’assenza di cemento radicolare con i 

tubuli dentinali esposti e visibilmente 

pervi (codice 3) a maggiori ingrandimenti 

(x 500; x 2000; x 5000) (Figure 4 E/1-4 E/6).

Abbiamo riportato tutti i dati ottenuti 

perché siano interpretati come sperimentali 

nella Tabella 6. 

Dall’analisi al SEM delle foto, le superfici 

dei dischi di titanio trattati con il tempo di 

5” e con polvere Perio sono risultati non 

danneggiati dall’effetto meccanico abrasivo 

del sistema AP. 

Le irregolarità della morfologia 

dell’impianto, trattato a una pressione 

di lavoro con settaggi estremi, si sono 

presentate doppie in funzione del tempo di 

esposizione all’AP, quindi il danno iatrogeno 

è direttamente proporzionale rispetto a 

questi parametri. 

L’azione meccanica abrasiva della miscela 

aria acqua e polvere può creare grosse 

irregolarità indesiderate indipendentente 

dalla superficie trattata. 

Discussione e conclusioni
Una delle principali problematiche 

nel trattamento della mucosite e peri-

implantite è l’eliminazione dei depositi 

batterici dalla superficie implantare. 

L’effetto dell’AP ha dimostrato un’estrema 

efficacia sia con polveri di bicarbonato  

che con polvere Perio su pazienti in TPS  

(Terapia Parodontale di Supporto)10,11.

Attualmente nella terapia parodondale 

chirurgica e non chirurgica per il 

trattamento delle infezioni peri-

implantari si effettuano manovre con una 

strumentazione manuale o meccanica 

associate a un trattamento  

farmacologico. Nuove indicazioni 

prevedono l’uso dell’AP come tratttamento 

decontaminante12,13.

Nel caso di impianti con superficie rugosa 

la decontaminazione batterica potrebbe 

essere più semplice se eseguita con l’AP 

rispetto al trattamento delle superfici lisce. 

La strumentazione meccanica e/o 

manuale altera la topografia superficiale 

dell’elemento implantare12. 

Dai risultati dell’analisi al SEM non si 

notano cambiamenti nella morfologia 

della superficie in titanio nel caso in cui si 

usino tempi di lavoro ridotti associati con 

polvere Perio in quanto decisamente meno 

abrasiva dell’AP convenzionale con polvere 

di Bicarbonato. 

Evidenti danni iatrogeni di superficie con 

codice 3 (+++) rispetto al gruppo controllo, 

si sono mostrati indipendentemente dalla 

polvere utilizzata o dal tipo di campione 

(FCC, SLA o denti) trattato con AP. 

Tutti i campioni con il codice 3 (+++) 

provenivano dagli step di trattamento 

con un tempo di esposizione di 20” 

corrispondenti ai dischetti 3 A (FCC), 3B 

(FCC), 3C (SLA), 3D (SLA) e al dente 4E 

(dente). 

Quattro codici 1 (+) si sono avuti con i 

campioni di dischetti 1A (FCC), 1 C (SLA), 

2 B (FCC), 2 D (SLA), corrispondenti i primi 

due a un’esposizione all’AP di 5” con polvere 

Soft (Ø 125 µm) e i secondi due a 10 sec di 

esposizione all’AP con polvere Perio (Ø 63 

µm). 

Tre codici 2 (++) si sono ottenuti con i 

campioni 2 A (FCC), 2 C (SLA) e 3 E (dente) 

corrispondenti a 10 sec di esposizione all’AP 

con polvere Soft (Ø 125 µm). 

Quattro codici 0 (-) si sono ritrovati sui 

campioni 1 B (FCC), 1 D (SLA), 1 E (dente) e 

2E (dente) corrispondenti a un tempo di 5” 

di esposizione all’AP con polvere Perio (Ø 

63 µm). 

Si sono dimostrati danni visibili nel caso in 

cui i gruppi di campioni siano stati trattati 

con tempi di esposizione lunghi (>5”) e 

con polveri con granulometria Ø >63 µm 

mentre con tempi di esposizione di ≤5” il 

danno iatrogeno è stato nullo13.

Tabella 6 - riSultati dei differenti SteP

 tempo fcc* fcc** Sla* Sla** rootS**

5” + _ + _ _

10” + + + + + + +

20” + + + + + + + + + + + + + + +

legenda

 * Polvere Soft 

 ** Polvere Perio 

+ Danno

_ No danno
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L’analisi al microscopio elettronico 

a scansione, per sua natura, fornisce 

informazioni solo sulle modificazioni della 

morfologia superficiale degli impianti post-

trattamento.

Inoltre, il SEM non ci dice se la chimica 

degli strati superficiali trattati con questo 

sistema, oggetto dello studio, si sia 

modificata negli impianti e nelle radici 

dentali, cioè quelli che interagiscono con i 

sistemi biologici. 

I risultati del presente studio hanno 

dimostrato che non tutti i tempi e le 

polveri sono idonee per evitare un danno 

iatrogeno. 

Un cauto utilizzo deve essere riservato 

all’utilizzo dell’AP con polvere Soft 

prevedendo sempre un tempo limite di 5” 

per area di trattamento. 

È fondamentale porre attenzione anche 

alla superficie da trattare in quanto a parità 

di tempo di esposizione la FCC è risultata 

essere più sensibile alla metodica AP 

rispetto alla superficie SLA. 

Infatti, diversi valori di codice si sono 

presentati sul dischetto FCC campione 2 A 

(codice 2 ++) vs dischetto SLA campione 2 

C (codice 1 +) entrambi sottoposti a 10” di 

esposizione con AP abbinato alla polvere 

Soft. 

Da qui la considerazione che tutte le fasi di 

riabilitazione implantoprotesica, compresa 

la conoscenza della superficie dell’impianto 

inserito, sono di competenza dell’igienista 

dentale. 

Il professionista anche quando non è 

coinvolto come attore principale ha 

l’obbligo di conoscere tutte le informazioni 

utili nelle fasi di  “follow up” del paziente 

indispensabili per il successo a medio-lungo 

termine della terapia implantare. 

In particolare, è importante sapere che la AP 

con polvere Perio si è dimostrata valida su 

tutte le superfici oggetto di questo studio, 

sia sui dischetti in titanio che sulle superfici 

radicolari dei denti, a patto che l’AP venga 

utilizzato con il limite massimo di 5” per area 

di trattamento se non si vuole creare un 

evidente danno iatrogeno. 

Alla luce dei risultati ottenuti dall’analisi 

di tutti i campioni trattati emerge come 

il nostro studio abbia confermato i dati 

conclusivi pubblicati da Petersilka e coll.11 

nei quali veniva raccomandato l’utilizzo 

di questa metodica AP con glicina 

(polvere Perio Ø ≤63 µm) per un tempo 

limite di esposizione di 5” per superficie 

(mesiale, distale, vestibolare o linguale) 

nel mantenimento di pazienti parodontali 

durante la TPS. 

I risultati ottenuti dalle analisi in vitro 

della presente ricerca scientifica saranno 

poi da confermare con studi in vivo su 

superfici implantari da trattare nei casi di 

peri-implantite e su superfici radicolari in 

pazienti affetti da parodontite.
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Abstract

Objectives: The aim of this study was to investigate, in parallel to clinical and histological

modifications, the expression of specific proteins involved in different extraoral autologous bone

grafts integration in humans.

Material and methods: Patients needing oral rehabilitation of posterior maxilla, with inadequate

bone volume for implant placement, received bone grafts from calvaria (Group 1) and iliac crest

(Group 2), respectively. From five patients from each group, with a total of 10 subjects, bone

biopsy specimens were collected at two different experimental time points: at bone blocks

withdrawal for grafting (T0), from donor sites, and after 4 months, from reconstructed sites.

Samples were processed for light microscope and immunohistochemical analyses to evaluate

MMP9, VEGF, BSP, iNOS expression.

Results: Morphological analysis of T0 calvaria evidenced areas of extracellular matrix, uniformly

stained and organized in concentric mineralized lamellae edging few vascular canals, while T0 iliac

crest showed greater cellularity compared to calvaria, with rare mineralized areas, surrounding

wide bone marrow lacunae. In T1, Group 1 samples showed large areas of extracellular matrix,

uniformly stained, at the same time as Group 2 samples disclosed few areas of mineralized tissue.

Although no significant differences were found in proteins expression among calvaria and iliac

crest T0 samples, MMP9, VEGF and BSP expression at T1 were discovered higher in Group 1 samples

than in Group 2 ones, while iNOS expression increased in Group 2 samples compared to the others.

In any group, molecules expression increased passing from T0 to T1.

Conclusion: These findings suggested that, even though clinically both extraoral sources of

autologous bone could be considered suitable for grafting in case of large oral rehabilitation,

some differences might be detected microscopically and biologically. Calvaria bone graft seemed to

enhance not only the quantity of bone tissue at the defect site, but also its quality, better than

iliac crest bone do. Then, while both grafts appeared to promote a suitable neoangiogenesis, as

showed by morphological analysis and by MMP9 and VEGF expression, in terms of new bone

formation and lack of occurrence of inflammatory events, calvaria could be considered a more

suitable donor site for bone grafts.

Bone augmentation represents a treatment of

choice for all cases of alveolar deficiency in

oral surgery. Implant rehabilitation needs an

adequate size and morphology of the alveolar

process to obtain a successful outcome. In

this way, correct prosthetic rehabilitation

could be achieved regarding function and aes-

thetics. Different techniques have been

proposed for deficient alveolar ridge recon-

struction and a variety of autologous bone

grafts from both extraoral and intraoral donor

sites, and heterologous biomaterials have

been used in the last few years (Mangano

et al. 2006; Aguirre-Zorzano et al. 2007; Chi-

apasco et al. 2009; Esposito et al. 2009)

Autologous extraoral bone grafts have dem-

onstrated lower infection rates and greater

availability for harvesting compared to other

autologous sources for grafting (Ozaki &

Buchman 1998; Smolka et al. 2006). In some

studies, intramembranous bone has been

proved to be more efficient in bone defect
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repairs than endochondral grafts in craniofa-

cial defects (Wong & Rabie 1999; Bianchi

et al. 2004; Crespi et al. 2007).

Moreover, many authors agree that, inde-

pendently of the embryologic origin, the

number of the corticals and the macroscopic

architecture of the tissue harvested might

affect the clinical success in bone grafting

(Lu & Rabie 2004).

Due to bone accessibility and availability

of an adequate quantity of both cortical and

cancellous bone, iliac crest is considered a

useful donor site for autogenous bone grafting

(Nkenke et al. 2004). Moreover, the retrieval

procedure is associated with a lower morbid-

ity and less post-operative complications at

the donor site, with differences in their inci-

dence and severity according to the harvest-

ing techniques used (Ishii et al. 2010; Schaaf

et al. 2010).

Any action affecting bone and a tissue in

general, such as growth, repair and remodel-

ling, gives rise to a range of biological pro-

cesses, all regulated by specific factors and

molecules. In bone graft integration, these

processes begin with graft resorption and tis-

sue revascularization, followed by remodel-

ling events (Faria et al. 2008).

Initially, endothelial cells, lining the exist-

ing microvessels, in response to angiogenic

stimuli, degrade their basement membrane

by secreting proteolytic enzymes, included

matrix metalloproteinases (MMPs), thus pro-

viding the physical space for endothelial cell

proliferation and for new blood vessels crea-

tion. MMPs belong to a family of enzymes

playing a central role in ECM turnover and

remodelling, based on their ability to hydro-

lyze major protein components of the extra-

cellular matrix, and also to determine the

timing and the sites where resorption should

initiate and its relationship with new bone

formation (Delaisse et al. 2000; Cawston &

Young 2010).

To date, there are more than twenty known

MMPs, differing from each other for their

substrate specificity, but sharing a number of

common structural and functional similari-

ties. Among these, MMP2 and MMP9 are

well known for their ability to degrade the

collagen filaments at the vascular basement

membrane and to assist other specific colla-

genases in the degradation of the interstitium.

New vessels grow after interstitium degrada-

tion, supported also by vascular endothelial

growth factor (VEGF), which, in addition,

plays an important role in the maintenance

and development of endothelial fenestrations

and in endothelial survival, as demonstrated

by in vivo and in vitro studies (Kamba et al.

2006; Winder & Lenz 2010). Vascular support

in the tissue interstices allows the passage of

new and additional signals and growth factors

that trigger the production of new bone

matrix, and of undifferentiated mesenchymal

stem cells to colonize the grafted area from

the peripheral areas to the centre (Nguyen

et al. 2001; Holmes et al. 2007).

The completion of resorption and subse-

quent bone formation is also regulated by

bone sialoprotein (BSP), a highly glycosylated

tyrosine-sulphated, serine-phosphorylated

protein, component of the ECM. Immunohis-

tochemical analyses showed positive staining

for BSP in active osteogenic cells at the site

of new bone formation, and at the minerali-

zation front concurrent with or just before

mineral deposition. However, its expression

was showed not only to be related to the

mature osteoblastic phenotype, but also up-

regulated by factors inducing osteoblasts dif-

ferentiation (Chen et al. 1994).

As any bone graft could be recognized by

the host organism as non-self, an inflamma-

tory response should also be expected.

Among the molecules involved in the occur-

rence of inflammation, those belonging to

nitric oxide synthase family, mainly iNOS

were involved (Umar & van der Laarse 2010).

Thus, the aim of this study was to investi-

gate the expression of specific molecules

involved in graft integration, in terms of

angiogenesis, osteogenesis and inflammatory

processes occurring at sites treated with two

different extraoral autologous bone graft,

obtained from calvaria and iliac crest, respec-

tively.

Material and methods

Patients in need of oral rehabilitation of the

posterior maxilla, with inadequate bone vol-

ume for implant placement, were scheduled

for bone augmentation with autologous extra-

oral bone grafts. All the bone defects consid-

ered could be classified as Class G according

to Chiapasco’s Classification of the Posterior

Maxilla (2004) (Misch et al. 2006). All

patients received sufficient information about

this research and gave written consent in

accordance with Italian Legislation and with

the code of Ethical Principles for Medical

Research involving Human Subjects of the

Fig. 1. Haematoxylin and eosin staining of the T0 and T1 iliac crest samples. Magnification 209. Upper panel: cal-

varia bone samples; lower panel: iliac crest bone samples. The staining highlights, in T0 calvaria sample, large areas

of mineralized extracellular matrix with disc-shaped cavities, showing depressions in the face of the disc, the bone

gaps, in which osteocytes (oc) were entrapped; concentric sheets which edge Haver’s canal (H) can be distinguished.

On the contrary, T0 iliac crest sample evidences large areas of bone marrow (bm) with little areas of mineralized

matrix. T1 calvaria sample discloses a dynamic structure with mineralized areas containing bone gaps and oc sur-

rounded by connective tissue, with elastic fibres, where blood vessels, Haver’s canal (H) and lines of osteoblasts (ob)

at the periphery of the extracellular matrix can be identified. In T1 iliac crest sample, two separated structures areas

of mineralized tissue and of connective tissue, without any integration, can be identified.

© 2011 John Wiley & Sons A/S 1255 | Clin. Oral Impl. Res. 23, 2012 / 1254–1260
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World Medical Association (Declaration of

Helsinki).

Before surgical procedures, patients under-

went complete medical anamnesis and radio-

graphic examinations. Preoperative radiographic

evaluation included orthopantomograms and

computed tomography of the jaw (TAC Denta-

scan).

Among the patients who underwent surgi-

cal procedures for bone augmentation, we

selected randomly 10 patients, with ages

ranging from 45 to 65 years: five who received

extraoral autologous bone blocks obtained

from the parietal region of the calvaria (Group

1) and five from iliac crest (Group 2), respec-

tively. All the patients included in the study

had healthy systemic conditions, including

the absence of any disease that would contra-

indicate surgery. The exclusion criteria were:

uncontrolled periodontal disease, severe ill-

ness, unstable diabetes, drug abuse, a history

of head and neck irradiation, chemotherapy.

Bone regeneration was achieved by combining

two regenerative surgical techniques: the

maxillary onlay graft and sinus lift. Before

any surgical treatment, prophylactic antibi-

otic therapy (2 g ceftriaxone an hour before)

was administered to all patients.

The autologous bone blocks from the parie-

tal region of calvaria were taken utilizing the

split-in situ calvarial graft of Paul Tessier

(Tessier 1982), under general anaesthesia.

After skin incision, the outline of the strips

were drawn with a piezoelectric instrument

(Easy Surgery, BioSAF Srl, Ancona, Italy).

After having completely osteotomized the

margins, the fragments were detached with

differently angled scalpels.

The surgical access to iliac crest was about

4 cm posterior to the anterior superior iliac

spine, performing a skin incision about 2 cm

long. The skeletonization of the internal iliac

hole was performed, followed by an anterior-

medial bicortical grafting according to the

Grillon technique (Grillon et al. 1984). After

shaping bone tissue by piezosurgery, the bone

blocks were mobilized through the use of

chisels.

The cortical bone of the recipient site was

perforated with a 1-mm-diameter round bur

to increase the blood supply from the endos-

seous vessels, as previously suggested (Ped-

rosa et al. 2009). The withdrawn bone blocks

were shaped according to the dimension of

the defects, properly fitted in the recipient

site and then fixed with lag screw to rebuild

the alveolar ridge.

All gaps between the bone blocks and the

recipient sites were packed with bone chips

obtained from the same donor site. For each

group, the sinus was filled with particulate

bone obtained from the same donor sites

with a bone scraper.

The grafted areas were covered with a re-

sorbable barrier. After releasing the vestibular

periosteum, the flap was sutured. Post-opera-

tive therapy protocol comprised administra-

tion of antibiotic (ceftriaxone) 2 g/day for

10 days, non-steroidal analgesic drug (keto-

profen) at a dose of 200 mg twice daily for

3 days and thereafter if required, cortisone

(betametason) 4 mg/day for 2 days and 2 mg

on day 3. Moreover, soft diet and oral

hygiene, including three times daily rinsing

with 0.2% chlorhexidine mouthwash and the

application on the surgical site of 1% chlorh-

exidine gel, were prescribed. Sutures were

removed 10 days after the intervention, and

post-operative check-ups scheduled weekly

for the first month, and then monthly.

After the first surgery, patients were

checked up monthly by clinical and radio-

graphical examination with periapical X-rays

in the grafted area. Post-operative healing was

uneventful for all the patients, therefore after

about 4 months they were scheduled for a sec-

ond surgery for implant placement. During

implant placement intervention, the fixation

screws were removed and bone biopsies were

collected by a 3 mm-diameter and 8 mm-height

Trephine in the sites of implant placement, to

obtain significant specimens of bone regener-

ated with extraoral autologous bone grafts.

The implant features (diameter and length)

were decided according to the individual ana-

tomic structure. The implant was allowed to

heal unloaded for 6 months for bone integra-

tion before prosthetic rehabilitation begin-

ning. Pharmacological protocol included

antibiotic (amoxicillin) 2 g an hour preopera-

Fig. 2. Immunohistochemical analysis of MMP9 at different experimental times. Magnification 209. T0: samples at

withdrawal time; T1: bone samples from the regenerated area 4 months after grafting; C NEG: negative control. Left

panel: calvaria; right panel: iliac crest. Negative control shows large areas of mineralized tissue, some blood vessel

and little areas of connective tissue.

1256 | Clin. Oral Impl. Res. 23, 2012 / 1254–1260 © 2011 John Wiley & Sons A/S
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tively and 1 g twice for the following 5 days

and non-steroidal analgesic drug to be taken

as required.

The two samples, used for morphological

and immunohistochemical analysis, were:

(1). T0: samples of bone tissue obtained from

calvaria and iliac crest bone at the

moment of bone block withdrawal for

the grafting;

(2). T1: samples of bone tissue collected

from the grafted area at the moment of

implant placement, i.e. about 4 months

after the first intervention.

Light microscopy analysis and
immunohistochemistry

Tissues were fixed in 10% phosphate-buf-

fered formalin for 72 h and decalcified in

10% tetrahydrated EDTA, according to data

sheet (MIELODEC kit, Bio-Optica, Milan,

Italy). Subsequently, they were dehydrated

through ascending alcohols and xylene and

then paraffin-embedded. Tissues were sub-

jected to standard histotechnical processing,

the samples were then de-waxed (xylene and

alcohol at progressively decreasing concentra-

tions) and the slides, 5 lm thick, were

processed for haematoxylin–eosin staining

and for immunohistochemical analysis.

To detect MMP9, VEGF, BSP and iNOS

proteins, immunohistochemistry was per-

formed on 5 lm-thick sections by means of

Ultravision LP Detection System HRP Poly-

mer & DAB Plus Chromogen (Lab Vision

Thermo, Fremont, CA, USA). Slides were

incubated in the presence of mouse anti-

MMP9 monoclonal antibody (Santa Cruz

Biotechnology, Santa Cruz, CA, USA), rabbit

anti-VEGF, mouse anti-BSP and rabbit anti-

iNOS monoclonal antibody (Calbiochem

Merck, Cambridge, MA, USA). Sections were

incubated in the presence of specific HRP-

conjugated secondary antibodies. Peroxidase

was developed using diaminobenzidin chro-

mogen (DAB) and nuclei were haematoxylin

counterstained. Negative controls were per-

formed by omitting the primary antibody.

Samples were then observed by means of

Leica DM 4000 light microscopy (Leica Cam-

bridge Ltd, Cambridge, UK) equipped with a

Leica DFC 320 camera (Leica Cambridge Ltd)

for computerized images.

Computerized morphometry measurements and
image analysis

After digitizing the images derived from

immunohistochemical-stained sections, QWin

Plus 3.5 software (Leica Cambridge Ltd) was

used to evaluate MMP9, VEGF, BSP and iNOS

expression. Image analysis of protein expres-

sion was performed through the quantification

of thresholded area for immunohistochemical

brown colour, as average value per 10 fields,

randomly chosen, for each sample at light

microscope observation. Negative controls

belonged to T1 Group and negative control

images were randomly chosen. The statistical

significance of the results was evaluated by

the Wilcoxon, Mann–Whitney Test, using R

Software, version 2.12.1 for Mac (It is a free

opensource software), and setting P = 0.05.

After collecting results, the mean data were

reported and showed in a histogram using

Excel 2008 for Mac.

Results

Morphological analysis

In T0 samples from Group 1, light micro-

scope observation showed areas of extracellu-

lar matrix, uniformly stained and organized

in concentric lamellae edging few vascular

canals. Inside the extracellular matrix, disc-

shaped cavities could also be distinguished

showing depressions in the face of the disc,

bone gaps, in which few osteocytes were

entrapped. T0 samples of Group 2 bone

showed more cells than samples of autolo-

gous calvaria bone. Rare areas of mineralized

tissue, surrounding wide lacunae contain-

ing bone marrow were evident in these

samples.

In T1 samples from Group 1 a great num-

ber of osteoblasts, recognizable for their poly-

hedral form, could be identified. Osteoblasts

were arranged in lines and localized at the

section periphery. Large areas of extracellular

matrix, uniformly stained, could also be rec-

ognized. Autologous iliac crest bone samples

(Group 2) did not disclose a dynamic situa-

Fig. 3. Immunohistochemical analysis of VEGF at different experimental times. Magnification 209. T0: withdrawal

time of samples; T1: bone samples from the regenerated area 4 months after grafting; C NEG: negative control. Left

panel: calvaria; right panel: iliac crest. Negative control shows a wide areas of connective tissue with elastic fibres

and a little area of mineralized extracellular matrix.
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tion: both areas of mineralized tissue and

of connective tissue were represented (Fig. 1).

Immunohistochemical analysis

In both calvaria and iliac crest MMP9 expres-

sion resulted higher in T1 samples than in

T0 ones. At T0, the MMP9 level was higher

in iliac crest bone than in the calvaria, while

in T1 MMP9 was more expressed in samples

from calvaria bone grafts (Fig. 2).

Angiogenic activity in samples at different

experimental times was evaluated by per-

forming VEGF immunohistochemical analy-

sis. In T0 samples, VEGF expression showed

no significant differences between iliac crest

and calvaria bone, while in T1 samples its

expression was higher in calvaria bone graft,

when compared to the iliac crest (Fig. 3).

At T0, the BSP level was higher in iliac

crest bone than in calvaria. On the contrary,

its expression in T1 samples showed a

remarkable increase in calvaria bone, which

highlighted BSP localization at the sites of de

novo bone formation and at the mineraliza-

tion front (Fig. 4).

As for iNOS expression, it was not signifi-

cantly different in either T0 samples, while

in T1 it resulted over-expressed in iliac crest

compared to calvaria (Fig. 5).

To show the tendency of molecular expres-

sion the mean data, in T0 and in T1 samples,

were indicated in Fig. 6.

Discussion

Correction of large bone defects in the poster-

ior maxilla requires a delicate approach to

obtain a functional implant restoration and

to prevent construction of non-axial pros-

thetic solutions. Bone grafts are considered

necessary to recreate a correct relationship

between alveolar ridges. The topic of several

recent researches was to understand biologi-

cal processes underlying bone graft–host tis-

sue interaction and to identify which factors

may support bone graft integration (Thor-

warth et al. 2005).

Grafts for alveolar ridge augmentation

induce a reaction in the host organism, as it

recognizes the graft as a non-self element.

The organism reacts by switching on several

processes, including new bone and vessel for-

mation along with inflammation, which can

be investigated by morphological and molec-

ular approaches (Andrade et al. 2010).

In this study, to assess the response of

bone tissue to different autologous extraoral

bone grafts, obtained from calvaria and

iliac crest bone, respectively, and in particu-

lar to detect angiogenic activity and new

bone formation, in parallel to morphological

analysis, MMP9, VEGF, BSP and iNOS

immunohistochemical analyses were carried

out.

The superiority of autologous bone grafts

has been previously proved in comparison

with heterologous bone grafts, along with the

advantages related to the use of extraoral

donor sites, as they may provide a higher

quantity of bone tissue than that obtained

from an intraoral donor site (Tetè et al. 2009;

Klijn et al. 2010).

Data from light microscopy observation of

T0 samples confirm what has been previ-

ously described about calvaria and iliac crest

bone tissues morphology by Chiodo’s and

our group (Chiodo et al. 2010; Tetè et al.

2010): large mineralized areas can be

observed in calvaria samples, while iliac

crest ones show few trabeculae surrounded

by wide lacunae containing active haemato-

poietic marrow.

The good performance showed by calvaria

grafts could be explained by the peculiar fea-

tures of native calvaria bone tissue: in fact in

a study conducted in an animal model, histo-

logical analysis demonstrated the presence of

more osteoblastic and less osteoclastic activ-

ity in sites treated with calvaria graft than in

sites regenerated with iliac crest graft (Dono-

van et al. 1993).

In addition, Chen et al. (1994) evidenced a

lower osteoclastic activity and a lower revas-

cularization in calvaria bone grafts than in

iliac crest grafts. The present data show a

more dynamic structure in T1 calvaria sam-

ples than that observed in iliac crest samples,

Fig. 4. Immunohistochemical analysis of BSP at different experimental times. Magnification 209. T0: withdrawal

time of samples; T1: bone samples from the regenerated area 4 months after grafting; C NEG: negative control. Left

panel: calvaria; right panel: iliac crest. Negative control shows large areas of mineralized extracellular matrix.
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with large areas of vascularized connective

tissue and mineralized matrix, surrounded at

the periphery by lines of osteoblasts and

osteocytes, indicating bone formation and

remodelling phenomena. Unlike what was

previously reported, in samples from sites

regenerated with calvaria graft, active revas-

cularization is found after 4 months.

Moreover, graft resorption determined not

only volume reduction of the graft itself, but

also a reduction in bone density, which may

affect the primary stability of the inserted

implants (Norton & Gamble 2001; Sivaraja-

singam et al. 2001). The present findings

indicate sites regenerated with calvaria grafts

showing features more similar to the donor

site bone tissue than to the recipient site,

thus improving bone quality and quantity of

the grafted area.

Histological findings reflect the clinical

performance of the graft; in fact, the main

problem of bone regenerative process is the

graft resorption rate. The clinical observation

of the grafted areas after a 4 months healing

confirmed that, even if slight differences may

occur depending on the surgical procedures,

the incidence of graft resorption in calvaria

bone grafts is lower than that in iliac crest

(Iizuka et al. 2004; Smolka et al. 2006; Crespi

et al. 2007).

Moreover, calvaria and iliac crest bone

grafts were investigated from a biological

point of view, according to the angiogenic

and inflammatory responses of the host

tissue.

As MMP9 and VEGF were suggested to be

able to induce new blood vessel growth

(Nguyen et al. 2001; Kamba et al. 2006), the

higher expression of MMP9 and VEGF

recorded in T1 samples from sites regener-

ated with calvaria graft indicated that the

graft integration implies new blood vessel

formation.

Bone Sialoprotein, an extracellular matrix

protein, detected in active osteogenic cells, at

sites of de novo bone formation (Chen et al.

1994), plays a functional role in the regula-

tion of mineral formation.

In T1, BSP expression is significantly

higher in calvaria bone graft sites than in

iliac crest bone grafts, suggesting calvaria as

a more appropriate donor site and, at the

same time, iliac crest graft as less suitable to

induce new bone formation.

Concerning iNOS expression evaluation,

similar level in both T0 samples and

increased levels in T1 iliac crest sample

compared to the T1 calvaria ones, are

demonstrated, suggesting that iliac crest bone

graft may be responsible for more intense

inflammatory events. However, this hypoth-

esis needs to be confirmed by further

investigations such as in vivo iNOS activity

assay.

Thus, even if clinical observations sug-

gested that both donor sites were adequate

for obtaining bone suitable for the regenera-

tive procedure of the posterior maxilla, the

morphological and molecular features

showed in the present study indicate that the

iliac crest graft is a favourable bone substi-

tute in terms of angiogenesis, as demon-

strated by MMP9 and VEGF expression.

However, calvaria bone may be considered

more suitable for grafting in all situations

requiring wide oral rehabilitation, in terms of

new bone formation and lack of occurrence

of inflammatory events, as demonstrated by

BSP and i-NOS expression.

Fig. 5. Immunohistochemical analysis of iNOS at different experimental times. Magnification 209. T0: withdrawal

time of samples; T1: bone samples from the regenerated area 4 months after grafting; C NEG: negative control. Left

panel: calvaria; right panel: iliac crest. Negative control shows large areas of mineralized extracellular matrix.

Fig. 6. Graphic representation of densitometric analysis

of MMP9, VEGF, BSP and iNOS positive area ±SD

determined by direct visual counting of 10 fields for

each of five slides per sample (mean values) at 209

magnification, both at T0 and T1. *MMP9 T0 calvaria

vs. MMP9 T0 iliac crest P < 0.05. *MMP9 T1 calvaria

vs. MMP9 T1 iliac crest P < 0.05. *BSP T1 calvaria vs.

BSP T1 iliac crest P < 0.05. *iNOS T1 calvaria vs. iNOS

T1 iliac crest P < 0.05.
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Summary

The purpose of this study is to evaluate macroscop-
ic and microscopic appearance of a new implant de-
sign, with particular emphasis given to the type of 
prosthesis connection. Two dental implants of the 
same type (Torque Type®, WINSIX®, BioSAFin. S.r.l. 
- Ancona, Italy), with sandblasted and acid etched 
surfaces ( Micro Rough Surface®), but differing from 
each other for the prosthesis connection system, 
were examined by scanning electron microscope 
(SEM) analysis at different magnifications: TTI im-
plant, with a hexagonal internal connection, and 
TTX implant, with a hexagonal external connection. 
SEM analysis showed that the Torque Type® implant 
is characterized by a truncated cone shape with ta-
pered tips. The implant body showed a double loop 
thread and double pitch with blunt tips. For both 
types of connection, the implant neck was 0.7 mm 
in height with a 3% taper. This implant design may 
be able to guarantee osteotomic properties at the 
time of insertion in a surgical site suitably prepared, 
a facilitated screwing, thanks to the thread pitch and 
to the broad and deep draining grooves, thereby 
ensuring a good primary stability. The different con-
nection design appears defined and precise, in order 
to ensure a good interface between the fixture and 
the prosthetic components. Therefore, this design 
appears to be particularly suitable in cases where 
a good primary stability is necessary and a precise 

coupling between endosseous and prosthetic com-
ponents, as it allows an easy insertion of the fixture 
even in conditions of reduced bone availability, and 
in cases of immediately loaded full-arch rehabilita-
tions.

Key words: dental implant, Scanning Electron 
Microscope (SEM), implant connection.

Introduction

Osseointegrated implantology, thanks to many studies, 
is now considered a surgical discipline with proven ef-
fectiveness. Success in implant dentistry consists in get-
ting a good rate of integration between implant and host 
bone, which defines a good osseointegration according 
to the principles initially introduced by Branemark and 
subsequently developed by numerous studies over the 
years (1-3).
The implant design is a key factor to achieve good pri-
mary stability. It should be designed to guarantee the es-
tablishment of a direct connection between bone tissue 
and implant surface during the early stages of the heal-
ing process, without the interposition of fibrous tissue, 
as well as to achieve an even distribution of the loads 
which, through the masticatory system, are transmitted 
to the peri-implant bone tissue whilst chewing (4,5). 
There are two fundamental aspects of implant design: 
the macro-structure, characterized by the shape of the 
body, the characteristics of the neck and the apex, by 
the design, by the number and pitch of the thread, and 
the microstructure, characterized by the surface treat-
ment. In addition, there is also the good accuracy of the 
prosthetic components (6-8).
It is known that differences in implant shapes induce 
significant changes in force distribution on the surround-
ing bone (9). The macroscopic geometric pattern of a 
dental implant can assume a cylindrical or conical form. 
For some years some companies have marketed the ta-
pered form, with the aim of combining the advantages 
of both designs. A tapered implant creates the basis for 
an excellent primary stability by gradually allowing thin 
ridge expansion and determining the least stress pos-
sible at the interface with the surrounding bone (10,11).
The design of the implant neck, or crestal module, has 
undergone considerable evolution in recent years. The 
implant neck represents the transosseous area of the 
implant body where the highest concentration of me-
chanical stresses are evinced and where the transition 
between the hard tissue and soft tissue support occurs. 
Discriminating elements of the crestal module could be 
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identified in the geometrical design and in the surface 
type. The possible geometric profiles of the implant neck 
are essentially three: straight walls, diverging walls and 
converging walls. Despite the diverging walls type seem-
ing to be the best form, as it can provide a slightly higher 
primary stability after the implant insertion, from the clini-
cal point of view the behavior of the bone before and 
after the load is not dissimilar between the three geo-
metric figures. In fact, an aspect commonly observed at 
the level of the crestal module is the different bone level 
before and after the occlusal loading. Before loading, if 
the implant was positioned so that the prosthetic plat-
form is at the level of the crestal bone, there will always 
be a clinical situation where the bone covers the entire 
implant neck. After application of the load there is invari-
ably a vertical bone loss, the level of which is located in 
correspondence of the first thread. All this takes place 
independently from the geometrical shape and the level 
of the first thread.
The crestal module height was reduced over time by 
various manufacturers, until today, when the height of 
the smooth collar is reduced to less than 2 mm.
The morphology of the crestal module evolved in the 
same way - from a smooth surface to a treated sur-
face with microthreads for increased stability of bone in 
the coronal zone, to favour aesthetics and peri-implant 
health (12). 
The use of the smooth neck arises from the necessity 
to limit the plaque retention at the border zone between 
the implant, bone and soft tissue. The presence of micro 
retentions at the level of the crestal module is designed 
to adequately dissipate forces that are expressed at the 
cervical area of the bone-implant interface in the pres-
ence of occlusal stress, in all implant types, thus allow-
ing to maintain the height of the bone spikes in accor-
dance with the law of Wolff (13), a phenomenon that in 
the presence of a smooth neck does not happen.
As regards the design and the pitch of the threads, 
these must be designed to maximize the transmission 
of forces between the implant and surrounding bone tis-
sue, and to correctly distributed stress arising between 
the bone interface and the implant (14). Their main role 
is to increase primary stability and extend the available 
surface of the implant for bone contact.
Among the various thread designs, the V-shaped threads 
and the broader square threads have been shown to 
generate less stress and to better distribute the loading 
forces compared to the thin threads and tapered apex 
threads (15). The phenomenon is best appreciated in the 
bone marrow, while no difference have been found in 
cortical bone.
Another important factor necessary to achieve success 
in implantology is represented by the surface properties 
of the material used (16). The micro-topography of the 
implant surface is able to affect the percentage of BIC 
(Bone-to-Implant Contact) and the cellular response of 
the host tissue (17). The treated surfaces stimulate os-
teoblast proliferation, as demonstrated by the increased 
expression of biological markers, which transposes into 
an increase of osteogenesis, thus assuming an impor-

tant role regarding the long-term survival of the osseoin-
tegrated implants (18).
The titanium surface can be prepared with different tech-
niques in order to obtain an optimal degree of roughness 
of the surface, as it has been shown that the wider the 
functional surface is in contact with the bone, the better 
the support for the prosthesis (19,20).
The rough implant surfaces determine a slightly better 
bone tissue response in quantitative terms of bone-
implant contact percentage (21-23). The purpose of 
the surface treatment is to increase the contact area 
between the bone and the implant, thus improving the 
osseointegration. Even with only the threads, the resis-
tance degree to tensile forces and compression is great-
er than smooth implants not threaded, and the presence 
of microretentions on the surface of the fixture allows to 
increase the tensile and torsion strength of the implant. 
In addition, some authors have demonstrated how mac-
rophages, epithelial cells and osteoblasts, have a high 
tropism against rough surfaces (24,25).
In order to obtain a surface topography able to promote 
the process of osseointegration, various surface treat-
ments have been tried out, such as sandblasting (26), 
acid etching (27), combined treatment of blasting and 
etching (28), surface coating with micro-granules of 
hydroxyapatite (29) or particles of titanium oxide (30), 
or electrochemical deposition (31). Recent researches 
highlighted how the micro-roughness obtained by blast-
ing and acid etching is compatible with best clinical and 
histological results. 
Several options also affect the types of connections 
between the endosseous fixture and implant prosthetic 
components.
External hexagonal connection was the first connec-
tion system used in implantology which was ideated by 
Branemark only as coupling mechanism to easily guide 
the stump insertion; its function was then expanded to 
become a real anti-rotation mechanism. The interface 
and the tightening screw are subject to very high mas-
ticatory loads, subjecting the screw to insidious lateral 
bending forces, tilting and elongation that may mobilize 
it (32).
Of the internal connections, the most widely used are 
internal hexagonal, internal octagonal, conical screw 
and Morse connections. The internal connections have 
shown an increased stability, better mechanical stability 
and resistance to lateral forces than external ones.
The aim of this study is to describe the macroscopic and 
microscopic appearance of a new implant design, with 
particular emphasis on the type of prosthesis connec-
tion.

Materials and Methods

In this study, the macroscopic and microscopic appear-
ance of a new implant design was evaluated, with par-
ticular emphasis on the type of prosthetic connection. 
Two dental implants of the same type (Torque Type®, 
WINSIX®, BioSAFin S.r.l., Ancona, Italy), with sandblast-
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ed and acid etched surfaces (Micro Rough Surface®), 
but differing from each other for the prosthesis connec-
tion system, were examined by scanning electron micro-
scope (SEM) analysis at different magnifications: TTI im-
plant (Torque Type® Implant I), with a hexagonal internal 
connection, and TTX implant (Torque Type® Implant X), 
with a hexagonal external connection. 
The macrostructure of the geometrical design of the 
different segments of the fixture, the characteristics of 
the prosthetic connection, and the microstructure of the 
implant surface were analyzed by Scanning Electron 
Microscope (Zeizz EVO-50, Cambridge, UK). Electron 
acceleration potential was kept between 15 and 25 kV, 
and the working distance kept between 9 and 12 mm, 
according to the different requirements and types of 
samples.

Results

At SEM analysis, both TTI and TTX implants were char-
acterized by a truncated cone shape, with a tapered 
apex (Fig. 1). 
Both implants showed a reduced crestal module repre-
sented by a smooth neck 0.7 mm height and 3% taper. 
The implant-prosthetic connection was characterized 
by a very deep lodging for the fixing screw, with a hex-
agonal form with a double parallel type connection (Fig. 
2). The TTX implant includes a crestal module with a 
smooth surface, dominated by the external hexagonal 
connection module (Fig. 3). At SEM analysis, the neck 
surface seemed completely smooth and well polished; at 
3000x magnification there were signs of lathing, typical 
of machined surfaces (Fig. 4). 
With regard to the implant body, this was equipped with 
a double thread and double pitch. The thread pitch was 
0.60 mm. The threads are “V” shaped with rounded tips 
and slopes inclined at approximately 45°.
The main thread has a step along its apical side which 
forms the smaller thread (Fig. 5). The depth of the main 
threads is 0.375 mm, as long as the depth of the second-
ary threads is 0.125 mm. The main thread width ranges 
from 0.07 mm at the top to 0.50 mm at the base, while 

Figure 1 - SEM visualization of  WINSIX® TT and TTX implants. 
It may be noticed the truncated shape of the fixture with tapered 
apex.

Figure 2 - SEM visualization of a TT implant-prosthetic connec-
tion with a deep lodging of hexagonal form and smooth crestal 
module.

Figure 3 - SEM visualization of a TTX external implant-prosthetic 
connection constitute of smooth crestal module dominated by an 
hexagonal connection.

Figure 4 - SEM visualization of the machined neck surface (149x 
magnification).
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the distance between each thread is 0.10 mm at the 
base and 0.53 mm at the peak. The implant shape is 
maintained constant along the entire implant body.
The apical portion shows a bevel apex, nearly flat, char-
acterized by broad and deep drainage furrow, with in-
creasing size apically (Fig. 6).
The surface of the implant body, defined by the manu-
facturer of Micro Rough Surface®, and realized by a sub-
traction process for etching and sandblasting, was reg-
ularly distributed along the surface (low magnification) 
(Fig. 7). In the apical portion, at 1980x magnification, it 
can be seen how the rough aspect of this surface recalls 
that typical of tooth enamel after acid etching. At higher 
magnification the surface appears to be characterized 
by small depressions and elevations of 2-4 µm (Fig. 8).

Discussion

In scientific literature it is widely reported that the mac-
roscopic structure and the surface characteristics of 

Figure 5 - SEM visualization of the continuous step that forms 
the smaller threads from the main threads (192x magnification).

Figure 6 - SEM visualization of the bevel apex characterized by 
furrows drain.

dental implants play a decisive role in obtaining success 
in osseointegrated implantology (33). In particular, the 
geometrical design of the threads, their position and 

Figure 7 - SEM visualization of the Micro Rough Surface® regu-
larly distribuited (721x magnification).

Figure 8A

Figure 8B - SEM visualization of the Micro Rough Surface® at 
higher magnification (A:1980x; B: 7330x).
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their pitch along the implant body determine a different 
response to functional loads and transmission of those 
forces to the surrounding bone tissue (34). The implant 
design plays an even more important role if surgical 
protocols providing immediate loading are adopted. It is 
known that in the initial stages following implant inser-
tion, and especially after immediate loading, implant sta-
bility should be guaranteed by mechanical relationship 
between the fixture and the bone tissue rather than a 
biological bone integration. Therefore, the percentage of 
bone-implant contact and the friction that is obtained dur-
ing the insertion play an important role in the mechanical 
behaviour of immediate loaded prosthetic implants.
The tapered shape of the implant fixtures TTI and TTX 
ensures a gradual expansion of the thin crests during 
the insertion phase of the fixture by determining the least 
possible stress to the surrounding bone. This factor is of 
fundamental importance in cases of reduced bone avail-
ability, where preserving cortical bone tissue is appropri-
ate, as well as carrying out a three-dimensional expan-
sion and compaction of the walls of the newly formed al-
veolar bone. The implant type analyzed showed a thread 
design that allows to release more force and give easy 
access to good primary stability. The thread geometry 
contributes to obtaining primary stability, responsible for 
the biomechanical behaviour of the bone-implant inter-
face after the healing process (35).
The thread height is defined as the distance between 
the major and the minor diameter of the coil. A shallow 
thread depth, as well as those present in the Torque 
Type implants, favors insertion. In fact, although deeper 
threads ensure an increase of the surface and represent 
an advantage in areas of low density bone and high oc-
clusal stress, on the other hand shallow threads allow an 
easy insertion in alveolar ridges with more dense bone 
without the need to perform tapping before the implant 
insertion (36).
In a study conducted by finite element analysis, it was 
demonstrated that the height of the thread more than 
its thickness is able to influence primary stability, and in 
particular threads with a height exceeding 0.44 mm is 
able to provide excellent biomechanical response when 
inserted into bone tissue of medium or low density with 
immediate loading (37).
In addition, these threads have an osteotomic effect, 
allowing to pack the peri-implant bone using a surgical 
technique that provides preparation of the implant site 
according to “press-fit” protocol. In vitro studies showed 
that in case of poor quality bone, such as in the posterior 
maxilla, implants with chamfer thread design produced 
lateral compressive forces which increased the bone-
implant contact and consequently improved the primary 
stability (38). This factor is very important in case of im-
mediate load technique of several implants, as in the 
case of rehabilitation providing the immediate solidifica-
tion using bar techniques (Just on 4® and Just on 6®). 
Furthermore, as already demonstrated, under vertical 
load the presence of threads with bevel peak allows a re-
duction of divergent forces, thereby reducing the stress 
at the bone implant interface (39). 

TTi and TTX implants also have a double loop thread, a 
principal and a secondary smaller one, due to the pres-
ence of a groove on the apical side of the main thread. 
An implant with double coil has an insertion speed twice 
as fast compared to an implant with a single coil. Some 
studies report that implants with a high number of loop 
threads and a reduced pitch possess a high percentage 
of BIC, due to increased surface area (40). Some stud-
ies showed how the ideal threads pitch to obtain a good 
primary stability, and an optimal distribution of the stress 
should be not more than 0.8 mm (41). A thread pitch less 
than this measurement was seen to positively influence 
the load distribution along the peri-implant bone walls, 
accompanied by a smaller crestal bone resorption (42).
The osteotomic effect at the implant site during the im-
plant screwing phase is further achieved through the ta-
pered apex and the self-tapping implant design with the 
cutting apical portion. Moreover, the presence of deep 
grooves at the apical level, constituting an anti-rotational 
system, is necessary for bone chip collection and clot 
discharge during the screwing phase (43). 
With regard to the crestal module, the manufacturer’s 
choice to use a smooth neck reflects the concept to 
guarantee the minimum plaque retention, allowing to 
obtain an optimal integration with the bone tissue (44).
The constant size of the internal hexagon for the various 
implant diameters allows the use of few components, 
making the prosthetic steps and the eventual choice to 
adopt the Platform Switching technique easier.
The connection type through a long screw, ensures high 
connection stability, with considerable reduction of the 
stress between abutment and implant, and a greater 
contact surface which limits the microcirculation of bio-
logical fluids (45).
Another important factor analyzed was the implant sur-
face, because the surface of the fixture is the only part 
to come into direct contact with the host tissue, influenc-
ing cellular and biochemical responses, acting also on 
the stability between bone and implant (46). SEM analy-
sis allowed to assess the degree of roughness present 
on the implant body and on the apical portion, typical 
of a sandblasted and acid etched surface with signs of 
streaks, depressions and elevations highly variable in 
size and shape.
Recent clinical studies showed how an implant with a 
rough surface can be loaded before the traditional treat-
ment protocols (47). Some studies showed that dental 
implants with low roughness values, as for the implant 
with machined surface, can promote the formation of fi-
brous tissue around the implant, reduce the percentage 
of bone-implant contact and show a lower resistance to 
the removal than implants with rough surfaces (48).
The implants with sandblasted and etched surfaces, 
for the presence of more regular micro-roughness pro-
duced by the etching treatment, seem to favor the bone 
healing process, also by the marked incidence of the in-
creased cytokine production, such as osteogenic prosta-
glandin E2 (PGE2), and transforming growth factor-beta 
(TGF-b1), with the latter less sensitive to surface rough-
ness than in the case of PGE2 (49). According to some 
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authors, this treatment promotes osseointegration due to 
an increase in initial cell anchorage by osteoblasts (50).
All in all, the results obtained prove that dental implants 
of a design that complies with the results of research 
regarding the macrostructural aspect and the micro-
structural surface topography, if used according to cor-
rect surgical and prosthetic protocols assure safe and 
predictable results. 

References

1. Branemark PI, Hansson BO, Adell R et al. Osseointegrated 
implants in the treatment of the edentulous jaw. Experience 
from a 10-year period. Scand J Plast Reconstr Surg Suppl 
1977; 16: 1-132.

2. Lekholm U, Zarb GA. Tissue integrated prostheses: osseo-
integration in clinical dentistry. Chicago: Branemark, Zarb 
& Albrektsson Eds.; 1985: 87-102.

3. Albrektsson T, Branemark PI, Hansson HA et al.  Osseo-
integrated titanium implants. Requirements for ensuring a 
long-lasting, direct bone - to - implant anchorage in man. 
Acta Orthop Scand 1981; 52: 155-170.

4. Bozkaya D, Muftu S, Muftu A. Evaluation of load transfer 
characteristics of five different implants in compact bone at 
different load levels by finite elements analysis. J Prosthet 
Dent. 2004 Dec; 92(6): 523-30.

5. Brunski JB. Biomaterials and biomechanics in dental de-
sign. Int J Oral Maxillofac Implants 1988; 3(2) 85-97.

6. Siegele D, Soltesz U. Numerical investigations of the in-
fluence of implant shape on stress distribution in the jaw 
bone. Int J Oral Maxillofac Implants 1989; 4: 333-340.

7. Weinländer M, Neugebauer J, Lekovic V et al. Mechanical 
stability and histological analysis of immediate loaded im-
plants with various surfaces and design. Clin Oral Impl Res 
2003; 14: 34.

8. Steigenga JT, al-Shammari KF, Nociti FH, Misch CE, Wang 
HL. (2003) Dental implant design and its relationship to 
long-term implant success. Implant Dentistry 12: 306-317.

9. Chun HJ, Cheong SY, Han JH, Heo SJ, Chung JP, Rhyu 
IC, Choi YC, Baik HK, Ku Y,  Kim MH. (2002) Evaluation 
of design parameters of osseointegrated dental implants 
using finite element analysis. Journal of Oral Rehabilitation 
29: 565-574.

10. Dos Santos MV, Elias CN, Cavalcanti Lima JH. The effects 
of superficial roughness and design on the primary stability 
of dental implants. Clin Implant Dent Relat Res. 2011 Sep; 
13(3): 215-23. 

11.  Moon SH, Um HS, Lee JK, Chang BS, Lee MK. The effect 
of implant shape and bone preparation on primary stability. 
J Periodontal Implant Sci. 2010 Oct; 40(5): 239-43.

12. Hermann JS, Jones AA, Bakaeen LG, Buser D, Schoolfield 
JD, Cochran DL. Influence of a machined collar on crest-
al bone changes around titanium implants: a histometric 
study in the canine mandible. J Periodontol. 2011 Sep; 
82(9): 1329-38. Epub 2011 Apr 12.

13. Hansson S. The implant neck: smooth or provided with 
retention elements. A biomechanical approach. Clin Oral 
Implants Res. 1999 Oct; 10(5): 394-405.

14. Chun HJ, Cheong SY, Han JH, Heo SJ, Chung JP, Rhyu IC, 

Choi YC, Baik HK, Ku Y, Kim MH. Evaluation of design pa-
rameters of osseointegrated dental implants using finite el-
ement analysis. eJ Oral Rehabil. 2002 Jun; 29(6): 565-74.

15.  Hansson S, Werke M. The implant thread as a retention el-
ement in cortical bone: the effect of thread size and thread 
profile: a finite element study. J Biomech. 2003 Sep; 36(9): 
1247-58.

16. Gorrieri O, Fini M, Kyriakidou K, Zizzi A, Mattioli-Belmonte 
M, Castaldo P, De Cristofaro A, Natali D, Pugnaloni A, 
Biagini G. In vitro evaluation of bio-functional performanc-
es of Ghimas titanium implants. Int J Artif Organs. 2006 
Oct; 29(10): 1012-20.

17. Tetè S, Mastrangelo F, Quaresima R, Vinci R, Sammartino 
G, Stuppia L, Gherlone E. Influence of novel nano-titanium 
implant surface on human osteoblast behavior and growth. 
Implant Dent. 2010 Dec; 19(6): 520-31.

18. Ivanovski S. Osseointegration--the influence of implant sur-
face. Ann R Australas Coll Dent Surg. 2010 Mar; 20: 82-5. 
Review.

19.  Buser D, Schenk RK, Steinemann S, Fiorellini JP, Fox CH, 
Stich H. Influence of surface characteristics on bone inte-
gration of titanium implants. A histomorphometric study in 
miniature pigs. J Biomed Mater Res 1991; 25: 889-902.

20. Lazzara RJ, Testori T, Trisi P, Porter SS, Weinstein RL. A 
human histologic analysis of osseotite and machined sur-
face using implants with 2 opposing surfaces. Int J Perio 
Rest Dent 1999;19: 117-129.

21. Wennerberg A et al. “Bone tissue response to commer-
cially pure titanium implants blasted with fine and coarse 
particles of alluminium oxide” Int. J. Oral Maxillofac. Impl. 
1996; 11: 38-45.

22. Piattelli A et al. “Direct bone formation on sandblasted tita-
nium implant: an experimental study” Biomaterials 1996; 
17 (10): 1015-8.

23. Vercaigne S et al. “Bone healing of titanium plasma sprayed 
and hydroxylapatite-coated oral implants” Clin. Oral Impl. 
Res. 1998; 9: 261-71

24. Fossombroni G. “Tornitura a secco: un successo”. 
Macchine utensili, 124-126,1999.

25. Brunette DM. “The effects of implant surface topography 
on the behavior of cells”. Int. J. Oral Maxillofac. Implants, 
3: 231-246, 1988.

26. Wennerberg A, Albrektsson T, Johansson C, Andersson B. 
An experimental study of turned and grit-blasted screw-
shaped implants with special emphasis on effects of blast-
ing material and surface topography. Biomaterials 1996; 
17: 15-22.

27. Buser D, Nydegger T, Oxland T, Cochran D, Schenk R, Hirt 
HP et al. Interface shear strength of titanium implants with 
a sandblasted and acid-etched surface : A biomechanical 
study in the maxilla of miniature pigs. J Biomed Mater Res 
1999; 45: 75-83.

28. Cochran D, Oates T, Morton D, Jones A, Buser D, Peters 
F. Clinical Field Trial Examining an Implant With a Sand-
Blasted, Acid-Etched Surface J Periodontol. 2007 Jun; 
78(6) :974-982.

29. Krauser J. Hydroxylapatite-coated dental implants. Biologic 
rational and surgical technique. Dent Clin N Amer 1989;  
33: 879.

30. Nasatzky E, Gultchin J, Schwartz Z. The role of surface 



456

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

S. Tetè et al.

50 Annali di Stomatologia 2012; III (2): 44-50

roughness in promoting osteointegration, Refuat Hapeh 
Vehashinayim. 2003 Jul; 20(3): 8-19, 98. 

31. Tetè S, Mastrangelo F, Traini T, Vinci R, Sammartino G, 
Marenzi G, Gherlone E. A macro- and nanostructure evalu-
ation of a novel dental implant. Implant Dent. 2008 Sep; 
17(3): 309-20.

32. Pita MS, Anchieta RB, Barão VA, Garcia IR Jr, Pedrazzi V, 
Assunção WG. Prosthetic platforms in implant dentistry. J 
Craniofac Surg. 2011 Nov; 22(6): 2327-31.

33. Esposito M, Coulthard P, Thomsen P, Worthington HV. 
The role of implant surface modifications, shape and ma-
terial on the success of osseointegrated dental implants. 
A Cochrane systematic review. Eur J Prosthodont Restor 
Dent. 2005 Mar; 13(1): 15-31. Review

34. Weinländer M, Neugebauer J, Lekovic V, Zoeller JE, Vasilic 
N, Plenk jr H. Mechanical stability and histological analysis 
of immediate loaded implants with various surfaces and 
design. Abstract: Clin Oral Impl Res 2003; 14 (4): x, No. 
34.

35. L. Baggi, I. Cappelloni, F. Maceri, G. Vairo. Stress-based 
performance evaluation of osseointegrated dental implants 
by finite-element simulation, Simul. Model. Pract. Th. 16 
(2008) 971-987.

36. Misch CE. Implant design considerations for the posterior 
regions of the mouth . Contemporary Implant Dentistry 
(1999 ) 8: 376-386.

37. Ao J, Li T, Liu Y, Ding Y, Wu G, Hu K, Kong L. Optimal de-
sign of thread  height and width on an immediately loaded 
cylinder implant: a finite element analysis. Comput Biol 
Med. 2010 Aug; 40(8): 681-6.

38. Kim DR, Lim YJ, Kim MJ, Kwon HB, Kim SH. Self-cutting 
blades and their influence on primary stability of tapered 
dental implants in a simulated low-density bone model: 
a laboratory study. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2011 Nov; 112(5): 573-80.

39. Misch CE, Strong T, Bidez MW. (2008) Scientific rationale 
for dental implant design.In: Misch CE, ed. Contemporary 
Implant Dentistry. 3 edition, 200-229. St. Louis: Mosby.

40. Roberts WE, Smith RK, Zilberman Y, Mozsary PG, Smith 
RS. Osseous adaptation to continuous loading of rigid en-
dosseous implants. Am J Orthod. 1984 Aug; 86(2): 95-111.

41. Ma P, Liu HC, Li DH, Lin S, Shi Z, Peng QJ. [Influence of 
helix angle and density on primary stability of immediately 
loaded dental implants: three-dimensional finite element 
analysis]. Zhonghua Kou Qiang Yi Xue Za Zhi. 2007 Oct; 
42(10): 618-21.

42. Abuhussein H, Pagni G, Rebaudi A, Wang HL. The effect 
of thread pattern upon implant osseointegration. Clin Oral 
Implants Res. 2010 Feb; 21(2): 129-36.

43. Chong L, Khocht A, Suzuki JB, Gaughan J. Effect of im-
plant design on initial stability of tapered implants. J Oral 
Implantol. 2009; 35(3): 130-5.

44. Heinemann F, Bourauel C, Hasan I, Gedrange T. Influence 
of the implant cervical topography on the crestal bone 
resorption and immediate implant survival. J Physiol 
Pharmacol. 2009 Dec; 60 Suppl 8: 99-105.

45. Lavrentiadis G, Yousef H, Luke A, Flinton R. Changes in 
abutment screw dimensions after off-axis loading of im-
plant-supported crowns: a pilot study. Implant Dent. 2009 
Oct; 18(5): 447-53.

46. Lossdorfer S, Schwartz Z, Wang L, Lohmann CH, Turner 
JD, Wieland M, Cochran DL, Boyan BD. Microrough im-
plant surface topographies increase osteogenesis by re-
ducing osteoclast formation and activity J Biomed Mater 
Res A. 2004 Sep 1; 70(3): 361-9. 

47. Grassi S, Piattelli A, de Figueiredo LC et al. Histologic eval-
uation of early human bone response to different implant 
surfaces. J Periodontol 2006; 77: 1736-1743.

48. Wennerberg A, Albrektsson T, Andersson B et al. A histo-
morphometric and removal torque study of screw-shaped 
titanium implants with three different surface topographies. 
Clin Oral Implan Res 1995; 6: 24-30.

49. Boyan BD, Batzer R, Kieswetter K, Liu Y, Cochran DL, 
Szmuckler-Moncler S, DeanDD, Schwartz Z. Titanium sur-
face roughness alters responsiveness of mg63 osteoblast-
like cells to 1α,25-(oh)2d3. J Biomed Mater Res 1998; 39: 
77-85.

50. Cochran D, Oates T, Morton D, Jones A, Buser D, Peters 
F. Clinical Field Trial Examining an Implant With a Sand-
Blasted, Acid-Etched Surface J Periodontol. 2007 Jun; 
78(6): 974-982.



457

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

��
��
�

�������������������������������� ��������
���	�����������	�	�

����������������
���������������
	�
����������

������������������������������ �������������������� ������������������� ����� �
� ������ ��������������� ��� ��������������� ��������������� ��

���������� ��� ���������������� ������������������������ ��� ����� �
�����������������������������������������������

����������������������������������
�������

��������������������������������������������������
���������	�������������������������������������������������	

������������������� ���������������������������
������������ ������������������������� ��������
���������������� ����� ������ ������������
���� ����������� ������� �� ������ ��
��������������������������������������������
���� �� ���������������������
�����
� ������������������� ������������ �����������

������������� � ���
��� �������� ���������������
 ���
���� ��� ��� ��
��� ��������������������
��� ��������
 ��

������������
������
�������������������� ����������
� ����
��������
 ��� ������ �� ��������
 ������
�������� ������

�
�  ��� �� ��� ���� ��������  ���� ������������� ���� ���  ��� �����
 � � �������  �� ������ �� ���� ��� ��
�� ��������
��

����
�������
 ���� ������� �������� ����������
��
��� ����
���������������� ����� ��� �������������� ������������

�����
 ��������� ���������������������������
 ����������������
 �� �� �����
�������������������� ��������������
�

���������
������ ��
 ��� ��
� ��������
 �� ��� ����� ��
 �����������
������ ����������� � ���� �������
���� ���

���������� ����
����������� ����������������
 ���� ������� �������� ����������
��
������
����� ����
�������

� ���������������������
������������������� ������������������ � �� ���������
����
 ��������
�������������������
�

���� �����
����������
���� ���
�	��
�������
 �������������
���� ���
�	���
�������
 ��������������� ������


��� � �� ���������
����
 ��������
������������
���� ���
�	��
��	����
 ����������������������������������
 ���

�
����������� ���� ��������
���������
����� ������  ����� ��
���
������ �� ����
������������ ���� ���������� ��

������� ����������
 ���
��� ������������������������ �������������� ���������������� ������� �� �������� ���

���������� �������� ����������
 ������������ ����������� ��
����� ����������� � ��
������ �����������������������
 ��

����������������������������������������������������������������������

���������������������������������������������

������������������
��	����
�������������
��������
��	������������	����

����
���	¡¡��

���������	�����������������������������������������������������������������������	�����������������
���������	����������� ���������������
���������������������������������������������

���������������������������������������������

���������� ��� ����� ��� ����� �������������������� �
���������������������������� �� ��� ������ � �� ����� ����
�������� ����� �� ���� � ����� �� � ��������� �� � ������������
��� ��� ��� � �� ��������� �� �� ��� �� �¢ �� ������ ����
� ������������� ��� �� � ��� � �� ��������� �� �������� ��� ���
������������� ��������� � � �� � ���������� ����� �����
�� ����������� �������������� � �� �������� ����� �� � �
�� �� ������� ��� �� �� ���� � ��� ������ ����������� ��������
���� ������������������� ������� ������������ ��	������ �
������ � �� �� �� �� � ��� ������ �� ��������� ��� ��� �� �� � �
�� �������� ��� �� �� ��������� ���� ��� ��� ���� �� � ���� ���
���� � ���� �� �� �� �� ��� ��� ������� �� �� �� � � ������
�� �� � ��� �� ��������� ����������� ��������������� ����� �
� ��  ������������������� �������������������������������
������ ���������� ������ ������ �������� ��� ������ �� � �
��� � ����� � ��� ������� ���� 
�� ���� �  �� ���� �� ����� ���
���� ��������� ����� ���������������������������¢��� �����

�������� ������ �� �������������� �� ������� ��  ���������
����� ��������� ���������������� ���� �����������������
��� �������� �� ��� �� �� ����� � � ������ ��� � ��� ����������
��� � � �������� �� ����� �� �� �� � �������� �������� ���
�������� ������������� ������ � ������ �� ������������� �� ��
������������������� ����������������� �������� �� ��� �����
������� �������������������� �������������� �������� ����
���� ���� ����� ���� ����� � ��£��������� ���� ���� � �� �
�� ����� ��� � ��� � ����� ������ ��� � � � ���� ��� ��� �
� �������� �������������������� � ������������� ����� � �
���������� ��  ���� ��������������� ������ ������ �����
� ���� �������¢���� ������¤���������� �������� ������ �
�������������� ��£��������� �������� � ����������������
� � ���� ����������� ��������� ���£���������  �������� �
������������� ��������� ���� � �� ��������� ����������
�� �� � �������� �������� ��� � ������� ��� �� � �� ���� 
�� �����
��£��������� ��� ���� �� �� �� � �������� ��� �������� ��



458

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

�������

��
��
�

��
��
�

����������� ������������ ����������������������� ���������
��� ��� ��
�� ���	�������� ��� ���� �������� ����� �����	�����
��������� ����� �
	������� ��� ��������� ����� ����

������
	����������������������
�������	��������������������
�������������� ����� ����� �������� ��� �
	������ ��������
����� 
����������
����� ����
������ �������� ��� ����
�������������	������
���������	����������
�����������
�������������������
������
	����������������������
�����
�� �����������������	����������������	������
���������
�
	��������������������	�����
	���������������	�����
��� ��
	���� ����� ����� �������� ������ ������ �
	������
�������������
����������
���������
������ ����������
����������	�������������������������������������������������
���������������������������
������������
��������������
��������������������������������������������������
	�����
����
���� ��������� ������������� ���������� ��� ���� 	�������
������������������������������������������������������
�����������������������
�������
�������������������
	������
��������� �
	������ ���� �������� ��� ���� ������ ���
	�����������������������
	������������������������������
��	�����������

���������������������

���� ����	�������� ������� ��� ����	������� ���������� �������
������	������������������������������������������������
	�����
��������������������������������������������	������������������
�����
�����������������	������������������������������
��������
���� 	���������� �������� �
	������� ������ �
	������ ����� ������
�������� �������� ����� ����� ���� ���������������� ����� ���� ���
�������
���	����������	��������������������� �������� ���������
	����
���� ��� �����
��� ����������� ������ 
����� ��� �
����
����������������
	�����������	���������������������������
	�����
��
����� ����� ��� ����� �������� ����� ��� ���� ������ ��
	�����
�����������������������������
	�����������������������
����
��
������������������ ���� ������������ ����������
���� �������
	���������������������������	����������	�����������������������
	�����������	����������������������������������������������

����������������������������������������	��������	��������
����������
�����
	������������������������
�����������������
�������	����	������������������������������������������������
���� �
	�������	�������������������� ���	������� ������� �
	�����
�����

���
������ ��� ���� �������� ���� ������ �
	����������������
��������������������������������������������������������������������
�������� ��� ��������� 	���������� ��� ��������� ������������
	�����
	�����������������������������������
������������������
��� �		������ ����������� ��������� ���������� ��������� ������
	���� ����� ��������� �
������� 	�������������� �������� �������

������
��������� �	���� �����	�������� ���� ���� ��� ��������
��������� ������ ��� ��� �
	������ ��������� �� ������� ����� �������
����� 	����� ��� ���� ������ ��� 	���������� ������ �
	����������� ����
	�������� ����� �		��	�������� �����
�� ��������� ���� ����� ���
������ ���������� �������� ���
������ �������
� �
	������ ���� ���
����� ����� ���� ����� ��� �������
� ������ �
	������ �		����� ����
��
����������������������������
	���������������������������
�
	����� �������� ��� ���������� ��� ���� ������� ���� �
	�����

������������ ���������������� ��� ���� �������� ���� ����	��������
������	���������������������������������������������
��������
�������
	������������������������
�����	��������������
����
���������������	�����
������������������ ������������������
�������������������	�����������������������
�����������	��������
���������������	������������������
	�����������������������������
��	��� ��� ����
��������� 	��	�������� ����� �� 
��������� ���
������ ������������ �������� ���� ��
������ 	����� ��� �������� ���
��������
������������ ��������������������������������������
¡������� ¢� ¡�������� ����� ��� ������������ ���� 	��� ��� ���
�������������������
�������������������������������������������
�������� ����
������ ����� �
����£����� ������
�� ���� ¤�����
�¤�� ����� ������ ����������� ���� ������ ��� ������������ �����
���������¥�	���	������ ��������� ¦� ��
�¥
��� �������� ��������
�������� §������� ��� �������������� 	�����
	����� ���������� �����

��������
���
�
�����������
������������	������������������
��� �������� ������ �������� ��������� �������� ���������� ����� 
���
��� ������� �� ������� ����������� ����� ��� ������������� ����� ����������
��	����� �������� ��������� ��� ���������� ��� ��	���� ���� ������
������������ �
	����� ��
��������� 	�����
������� ���� �
	�����
������ ��� ������ 	�������������� ������� ��� ��������� �����	��
§����������������	��������������������������������������������
�����������������������¦�������������������������������	��������
������� ��� ���� ����� ��� ��������� ���� ���������� ��� ������
�
	������ ����
������������� ����������������� ���� ����� �������
¨�������������� ����������������������������������	�����������
���� 	������� �������� 	���������� 	���� ������ ���� �
	������ ���
�� ������� 	��������������� ���������������	���� ���� ��� 	����
�
	����� 	������� �������� ��� ������� 	�����
	��������� ��� ����
����� ������������������
	�����������������������������������
�����������������
����������������������������������	��������
 �� ���� ���������� ���� �
	����� ��
������ �����	����
����	���
���§����������
���������	����������������������������������
	������� ��� ���� �������� ����� ����
��� ������ �������	����
���
�������������������������	�������������� �����
�����������
����������
��
����������������������	����������������������
	��	�������� ��� ���� ����	����� ��������� 	�����
�� ���������� ����
���������������������
	�����
��������������������������������
��������� ���������������� ���� �
	����������� ����������� 	����� ���
�������������������������������������
���������������	�����
�������������������������������������� �����������	���� ���	
���
������������������������������
	�������������	�������������
���������������������
	�������������������������������������
���������
	�������������������������
������������������������
����������������������������§����������������	�������������
�����������������������������������������������������������������
���
��������������������
�������������������������������������
����� ��������� ������� ��� �� ���
��� ����� ����������
����������
�����	��������������	������	������������������������¦��
��
����������
������������� ���������������������� ��
����
������ ������ ������������������ ��� ���� ���������� �����
�������
§������� ��� ���� ����� ������ ����

���� ��������� 	���������
����������������	����������������������������� �
	����������
�����
	������������

������������������������	�����������
������������� ��� ������ ������ ���� �
	����� ��������� �

��������
�������������������
	��������	���������������������������
	�������
������������
	��������������
����������������������
���������
������� �������� ����� ���� ������ ����� ��� 	������� �����������

������������������



459

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

������������������������������� �������

������ ����� ���������� �������������� ����
�� ��	������ ������
������ ����������� ����� 	��������������� ������ ���� ����
�������������������������������������������������������������
������������ ���� ����������� ����� ��� ������� ���� ������� ����� �	�
������������������������������������������������������������
����� ������������ �������� �� �������������������� ����� �	� ������
���� �� ������� ���������� �	� ���� �������� ����� ���� �� �����������
�����
��������	����������������	�����������	������������������
��������� ��� ����� ������� 
��������������� ���������� ���������

�������������	�������������������������������������������������
���� ������� ����� ���������� ���� ������� �	� ���� ������� ���������
���� �������� ����� �������� ��� ��� � ����� �������������������� �	�
���������� ����������� ����� ��������� 	���� ���� ������� ����
���������������� ����� ������� ���� ���� 
��������������� ����������
���������������������������������������������������������������
�������������������
��������������������	�������������������
���������������������	����������������������������������������
���������������	������������������������������������	�������
��������

����������������������

���� ����������� �	� ����������� ����� ����������� ���������
������ ����������� �������������� ������������ ����� ���� ����
��		������������� ������������������������������ �����������
��������� ���������� ��������� ��� ����������� ���� ��������� ������
������ ��		�������� ����� ����������� �������������� �����
����� 	���
������

��� ���

���������������������

��� �������� ����� �������� ����� ���� ��������� �	� ���
���	���������������������������������������������������
�����������	�����������	������ ������������������������
�������������������������������������������������������
�	����������������������������������������������������
�������������������������������������������������������
������������������������������������������
����������
�������������������������������������������������������
����	�������������������������������	�����������������
����������������������������������������������������������
��������������������������������������������������������
������� ����� ���������� ���������� ��		�������� ��� ��������

����� ������� ���� ���� ����� ��� ������� ���	���� ��������� �������
��������������� �
�������¡����������������������� �������������
�����	�����������������������������������������
�������¡�������
������������� ���������� ��� �������������� ���������� ��������	�
����������������������������������	����¢���������������������
���������������������������������������������������������������
�������� �������� ��� �������� ����������� �������� ��� ��������
����������������������� ���� ���������� �������������� ���������
������ �������������� ������������� ����� ���������� 	���� �������
�	�������������������������
������

��������������������������������
��	����������

����	������������������������������������	������������������
���� ��������� ��� �� ���������� ����������� ����������� ��������
	��� ����� �������� ���������	�
���������������� ���������	�����
������� ����������¢������������� ��� ������������ ������������
�����������������������������������������������������������
���������	�������������������	������������������������£��

��� ���� �������� ����� ������ ������ �� ������� ������ ��������
������������������������	���������������������������������������
�����������������������������������	����������������������������
������������������������������ 	����������� 	�������� �������
������� ���� ������ �������� �������� ���������� ����������� �	� ������
�������� ��� ���� ��������� ��� ������� ����� ���������� ����
���
������ ���� ��������� �������� ������ ����� ���������� �����������
�����������������������������������������	�������������������
�	�������������������������������������������������������

�������
��������������

������������ ����������� ���� ��	������ ���������� ��� ��
���������������������������������������������������������������
����������� �������� ����� ���� ���� ������ ������� �������������
���������������������������������������������������������������
	���������� ����� �������� ������ ��� �� ����� �¤�� ����� ����������

������������¤������������������ ���� �� ����� �������� ���� ���
������ ��������������� �������� ���� ������ ����� ���� ���� 
��� ����
������������������������������������������������������	������
������������������������������¡��������¤¤�������������������
��������������¥�����������������������������������������������
����������������¢����������������������������������������
������������������������������������������������������������
�����������������������������������������	��������������������
�
��� ����������� ���� ������������ ���� ��� �� ������������� �����
��� �� ��������������� ��������� ���� ���������� ��� �������� �������
���������������������������������������������������	�������

����������
���������������

����������� �������� ¤������ ��������� ¡�����

¡������ � � � ��

¡������� � � � �



460

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

�������

��
��
�

��
��
�

�����������������������������������������������
��	�������
��������������
��������������������������������	���
�	����
������ ���� ������������� ����
�������� �������� ���������
����������	� ������� ������� ��������� ������� ��� ���� ������
�� ������
��	� ������ ��������� ���� ����� ��������� ����
������������������������������������������������������
�����������������������������������������������������
��	�
������ ��������� ��	� ��� ����������� �������� ��� �� �����
������������������������������������������������������������
�������������
�������������������������������
������������	���������

���������� ���������������� ����������  ������ ��� ���� ���

��������� ��� ������� ��������� ��� ����� ����������� ��������
��������������������	�����������������������	���
�������
�������������
�����������������������
��������������
���
��� ���� �������� �� ������ ����� �������� ����������
��������� ��� ��������� ���� ���������� ��������� �������

����� ����������������������������	����������������������
���� ���������� ��������� ���� �������� �� ���� ����������
��������������������������������	���������������������������
�
������������� ������������� ��������� ����� ���������
������������ ����� �������� �������
����������� 
������� ����
������������������
��������
�������������
������������
�����������������������������������������������������������
�����������������������������
�������������������������
�
��������� �� ������� ������ ��� �������� �������������� ����
�
�
��������
����������������������������������������
�����������
�
��������
���������������������

��� ������

�����
�������� ��������������
�	����� �������
�����	�
������������� ������������ ������������ ���� �������� �����
������������ ���
��� �������� ���������� ����������	�

��������������������������������������������������
�	�������������	�������������������������	�����������
��

��������

������
������
	� �������
	 �������
	

� ��� ��� ����

 �� �� ����

� ���� ��� ���

� ��� ��� ����

� ���� ��� ����

� ���� ��� ����

� ���� �� ����

� ���� �� ����

� ��� ��� ���

�� ��� ��� ����

�� ��� ��� ����

� ��� �� ����

�� ���� ��� ����

�� ���� �� ����

�� ���� ��� ����

�� ���� ��� ���

��������� ������������ ����������� ������������

����������������
�	�������������	��������������������������� �	������������

���� �������	

���������������������� ������������

���������������������� ��������

���������������������� �����������

������������������

�������������

�������� ��������



461

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

������������������������������� �������

�����������������������������������������
	������������
����������� �	�� �������������������� �	�� ������������������
���������������������������������� ������������ ��������� ���
�������������� �����������	�������������������������������
�����
������	���������������	����
��������������������
����������
�����������������������������������������	��
������� ��������
��  	�� ����� ��� �	�� 
������� ������ ���� ���

����������������	������
������������������������������
������� ���� ��������� ��� �	��������	�	���
����������
��� ��� ���� 
����� ���� ������� ��
������ ��� 
�������������
������� �	��� ����� ������������ ��������  	�� ����������
������
������������������	�������������������������������
����������
����������������������������������	������������
���� 
����� ��� ������� 
������������� ��
�������	��� �����

���������������������������������������������������������
��	����

���������
�
�����
������������������
�	�
��������
����������

������������������
�	�
��������
�����

������������������
�	�
��������
����������

������������������
�	�
��������
�������

�������������

���������������������
����������

���

������������������ �� �� �� �� �� ��

������	� �������� �������� ��������� �������� ����� ����������

������	� �������� �������� ��������� ������� ���� ���������

�������	� �������� �������� ��������� �������� ���� ���������

��������������������	�

�����	����������


�	����������������	���	����	�	������������������������ ��������������	�������� ����������������������������	��������������

����	����������	����������������	����	�	���������������	��	�����������	����	��������������������������� �����������	������������

�����������������	���������	�������������������



462

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

�������

��
��
�

��
��
�

��������������������
	��������������������������������������
�������������������������������������������������������
���������������� ��� ��������� ���������� ���� ���� ��� ��
��������� �������
� ���� ������� ���� ���� ���������� ��

���������������������������������������������������
���� ������ ������������ ������� �������� ������� ������
�
��������������������������������������������������
�������������������������������������������������
����

����������������������������������������������������������
�������	�������	����������������������������������������������������

����	��������������������	������	�������������	������	����	����������	����	�������������	��	��������	�����	�������������������

�����������������������������������������������������������������������������	����������������������������������	������������	��

�������������������	� �������������������������	�������������	��������	�����������������	������������	����������������������

��	���������	����������	��������	�

��������������������	�����	��	�	�������	������������������������������������������	�������	����� ���	������������������	��
���	��	�	�������	������������������������������������������	�������	���� ���	������������������	�����	��	�	�������	������

������������������������������������	�������	���������	�����

������������������



463

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012

������������������������������� �������

��� ��������������������
��������	�������������������	������

������������������������������	������������������	�������

��������������������������������������	�������������� ����

����	��������������������������

��� ���������������������������������������������������������

���������������������������������	������������������	����

������ �������� �����������	� �������������	� ���������

��������	���������������������������������	����������������

��������

��� ������������������������������������������������������

��� ����������	�� ��	� ��������� ���������� ��� �������� �����

����������������������������������������������	������������

��������������

��� ���	�������������������������������������������������	�

���������������������������������������������������������

������������������

��� ���� ���� ������� ���� ���� ���� ���� ��������� ��� ����

��������� ������ �������� ��� �����	� 	������ ���������� �����

�����������	�������������������	�����������	�	�������

����������������

��� ������  ���  ����� ���� ������� ������������ ��� �����	�  �

�����������������������������	�����������������	��������

��� ���������� ������� ��� ���� ������� ���� �� ����������������

�������������������������������������

��� �	���������������������������¡�����������������������

�� ���������������������	�������������������	� ���������

��� ���� ���������� ��� �������� �	������� ������ ���� �� �����

�������������������������������������

��� �������� ����  ������� ���� ���������� ��� �����

��� �������� ����� �������� ����	� �������� ���������� ��

��	���������� ���������� ��� ����	�	� ����������	� ��	�

�������	���������������������������	������������	������

�������������������

���� �������� ��� ��������� ��� ������ ��� ��������� ���

������������������������������������������������������	�

��������������	����������� ����	�������������	������������

	����������� ������ �������� ����������  ���� ����� ���������

����������������������

���� ��	������

������������
��������������������������������

�����������¢�������������������������������������������	�

��	������������������������������������	�����	�����������

�������������������������������������������

���� ��������������������	���������������� ������������������	���

������������	�������£����	��������������������������	����������

����	���� ��������������������������������������

���� ����������� ����	�������������������������������������	�

��������������� ���� ���������������� ����������� �����������

����������������������������������������������

���� ������������ ��� ������	�� ��� ���	��� ��� ����� ������

�������� ����� ���� ���	������ ������������� ��	��� ��	�
��	�����	�����������������������������������������������
������������	��¤������	���� ���������� ������������ ��	�
������������������������	����������������������������������
���������	������������������������������	����������������
�����������������������������������������������������������
���� �������� ��� ���� �����	� �������� ������� ���� ������
������������	��������������������������������������������
��������������������������������������������	��������������
�������������������	��������������������������
������������������������������������������������������

��	��	���������	�����������������������������������������
������ ��� �������� ����� ����	������ �������	� ����� �����
	������ ���� ������ ����� ������������������� ���� ����� ���
��������������������	�	����������������������������������
����������	����	����������� �����������������������������
�����������������������������������������	�������������������
������������������	��������������������������	�����������
����������������������������������������������������	������
������������������� ������������� ������� �������	���������
���� ���������� ������������ ��	��� ������� ����� ����	�������
���	�	� ����������������	� ��������� ���� �� ������������
�������������������������������������������������	���������
���������	������������	����������	������������	�������������	�
�������������������������	������	�����������������
��� �������� ����� ����	������� � ���� ����������� ��������
�������� ����� ����	������ ��� ��� ��	� ��� ������� �����
����������� ���	���� ��������	� ����� ����������� ������������
	����������� ��¥�������� �������� ����� ������ ��	�����	�
�� ����������� ������ ��� ����� ����	������� ������� ��� ���
������������������� ����� �������������	�����������������
������ ��� ����������� ���� ����������� �����	��� ������
��� ��������� ���������� ���� ����� ��� ��	����� ���� ��������
����� ����	������ ����	� ����	������� ���	�	� ���������
�������	� ������ ������ ��������� ��	� ���������� �����	��
���� ������� ��������	��� ���� ���	� ���� ������� ����������
��	�����������������������������������������	���������������
��� ���������� �����	� ���������� 
����������� ���� ���������
�������� ���� ���� ��	������ ��� ����������� ���	�� ����	� ���
������������������	���	��������	����	��

� ��������������

���� ������� ����� ��� ������ ��� �������� �������
���������������������������������������������������������
����������	�����������

��
���� ��

��� ����� ��� ������ ��� ������� ��� 
���������� ��� �£�����

�������������� �������������������������������������	�

����	�	� ����������������� ����������	����� ������	������

������������������



464

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2012SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

464

�������

��� ����� ����������� ������ �����
	� ������ ��� ���	��

��
��
���� 	����
	�� ��
� �� ��������
��	� ��	
��
���� ���
��

������������ � �����

���� ����
�� ��� ��
� ��� ����	��� ��� ��		��� ��� ���		�

��� ������
�� ��	
��
��
���� �����
� �������
� ��
��

������
�������������������������������������

������


������� ��
��	���
���� ���	�	�� ��������
��		��� ������

��������������

���� ��������������������������	��������������������
����

��� 
����	
��
�����	��
	���� ���������
����� ������
����

��������	
��
��
���������
	����
���������������
����

��
�������
���������������������	
�������
���		��	�
�

�����	�������������������������
����
����
���	������

���� � �� ���� ���������������������������������� ������

�����������
���

���� ��	��������	���������	����������
��������
���	����

����������	
���
���	����
�������������	�����������
�	��

����
��� ��	������ �������� �� �����
� �		�	
� �������

���������� ����������

� �� ����������������������¡����������������¢������
����

��
��������¡���¢��������	�
�������
����������������

�����	
���������
�������
�������������������������������

��
����������������������

���� ������ ��� ��	����� ��� ����� ��� £���
� ��� ������

��� ������
�� ��	
��
���� ��� 	������ �����
	� ������

������
���� �
��� 
��
�� ��
��
����� �� ��������
��� ��� ��

��������¤�������

���� ������� ��� £���
� ��� ����	� ���� � ���� ��������
�

		���
�����
�������
	���	
�������
����
�����	��
������

�����������������
������������
���������������������

�¤�� ����	������������¢���¥���¢�������
����
�����
�����

���
������ ������¦��� ��� ���	���
���� ��� ����������
�

����������������	
��
���������
���¡������������

��	���	��
����¦�������
����
���������
������
�	�	
��	��

�� �����
���� 	
���� ��� 
�������������¡��� �����
	���	�

�¤¤�������¤�������¤�

���� ������������
���������
�����	��
�����������������
�

��������
����
�	
����������
����������	
��	
��
�������	
��

����� �����	�� ��
� �� ��������
���	
����
� ��� � ����� � ����

¤�����

� �� �������

����������������������������

���������
����

��� ���� 
�		��� ��	���	�� ������ ������ ��
�����	��
�����

�����
	�� ��
� �� ��������
��	� ��	
� ���
� ���������� ������

� �����

���� �����������������£���
����¢�	
������������
�������

����������
� 	��
� 
�		��	� ��� ������
���� ������ �����
	�

��
������ ��������
� �����
���
���
� ������
���	� �

�����������	
�������������§����������¤��¤��

���� ��������������
������¥�����¢�����	��	�	�	

����
	�

��� ������������ �������� ���������	� ��������� �������

���
����	� ���� ����		���	� ���
�� �����
	���
� �� ¡���

��������������
	��������¤���������¤����

�¤�� ������
		������¨������¥��
����
����������		�����������

�����
���� ��©���� ��� ������
��� �	��� ���
�� �����
	�

� ������� ��� �����	��� ���
���� ��� 	����		�� ��
� �� ¡���

��������������
	��¤� ������������

���� ��������¥��	������������
����������������������
���	�

��
�� ���
�� �����
	� 
����� ������
����� �����	�	� ���


��
���
������¡��������
	���	�������������������� �

����

���� �������� ������
�������£���
����� �����

��� ���������

�����

������������	���	
��������
������������	
�������

���
������ ������ ����©��� ����
��� �����
	� ��
��

��������
�����������
����	�����������������
����������

¡�������	
��������������������

���� ������ ��� ���������� ��� ����� ���� �������� ��� ������

������������������



SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

465

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2
0

12

SC IENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2020

11
1 Long-Term Evaluation of Maxillary Reconstruction by Iliac Crest Bone Graft: 

A Morphologic and Immunohistochemical Study
 S. Tetè, R. Vinci, S. Zara, V. Zizzari, A. De Carlo, G. Falco, D. Tripodi, A. Cataldi, C. Mortellaro, E. F. Gherlone
 The Journal of Craniofacial Surgery Vol. 22, N°5 - Sept. 2011 
 

2 Microcomputed and Histologic Evaluation of Calvarial Bone Grafts: A pilot 
Study in Humans

 R. Vinci, A. Rebaudi, P. Capparè, E. F. Gherlone
 The International Journal of Periodontics & Restorative Dentistry Vol.31, N° 4 2011
 

3 Valutazione istologica, istomorfometrica e microtomografica
 dell’osteointegrazione di impianti con scaffolds nanostrutturati
  Paolo Capparé, Antonio Apicella, Alberto Barlattani, Fernando Zarone, Roberto Crespi, Enrico Gherlone
 Doctor Os, supplemento maggio 2011 - XXII (5)
 

4 Isolamento di progenitori osteogenici provenienti da liquido amniotico 
utilizzando un protocollo di coltura cellulare single step

 Stefano Tetè , Ivana Antonucci, Giuseppe D’Apolito ,Umberto Di Tore, Vincenzo Zizzari, Alessandro De Carlo, 
Margherita Tumedei,  Liborio Stuppia, Enrico Gherlone 

 Doctor Os, supplemento maggio 2011 - XXII (5)
 

5 Valutazione della macrostruttura e della nanostruttura di un nuovo tipi di 
impianti dentali

 Giuseppe D’Apolito,  Umberto Di Tore,  Alessandro De Carlo,  Margherita Tumedei, Renato Grilli, Vincenzo 
Zizzari,  Liborio Stuppia, Enrico Gherlone, Stefano Tetè

 Doctor Os, supplemento maggio 2011 - XXII (5)
 

6 Valutazione morfostrutturale al SEM di cellule staminali da folllicolo 
dentario su differenti scaffold di titanio

 Umberto Di Tore, Giuseppe D’Apolito,   Vincenzo Zizzari, Alessandro De Carlo,  Margherita Tumedei, Liborio 
Stuppia, Raimondo Quaresima, Enrico Gherlone, Stefano Tetè

 Doctor Os, supplemento maggio 2011 - XXII (5)
 

7 Valutazione degli effetti di differenti tecniche osteotomiche sul tessuto osseo
 Raffaele Vinci, Stefano Tetè, Giuseppe D’Apolito, Umberto Di Tore, Luisella Benzo, Alessandro De Carlo, Margherita 

Tumedei, Vincenzo Zizzari, Liborio Stuppia, Enrico Gherlone,
 Doctor Os, supplemento maggio 2011 - XXII (5)
 

8 Analisi retrospettiva a quattro anni degli esiti di trattamento implanto-
protesico eseguiti con sistematica WINSIX®

 S.Zandonella Necca, F.Bova, Enrico Gherlone 
 Doctor Os, supplemento maggio 2011 - XXII (5)
 

9 TEETH JUST ON SIX: Riabilitazione Implantoprotesica nei casi di Edentulia 
completa: un approccio diagnostico-terapeutico integrato

 M. Manacorda, R. Vinci, M. Pasi, E. F. Gherlone
 Odontoiatria, Rivista Amici di Brugg n°.1, anno 30°- Maggio 2011
 

10 Tecniche Chirurgiche Piezoelettriche
 R. Vinci, M. Pasi, S. Tetè, E. F. Gherlone
 Panorama Dentale - Sept. 2011 

465



466

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

20 1 1

Long-Term Evaluation of Maxillary Reconstruction by
Iliac Bone Graft

Stefano Tetè, MD, DDS,* Raffaele Vinci, MD, DDS,Þ Susi Zara, PhD,þ Vincenzo Zizzari, DDS,*
Alessandro De Carlo, DDS,* Giorgio Falco, DDS,* Domenico Tripodi, MD, DDS,*

Amelia Cataldi, MD,§ Carmen Mortellaro, MD, DDS,||L and Enrico Gherlone, MD, DDSÞ

Abstract: The aim of this study was to analyze histologic and
immunohistochemical modifications taking place in maxillary sites
reconstructed by iliac crest bone grafts, 4 months (T1) and 10 years
(T2) after grafting, in comparison to native iliac crest bone (T0).

By light microscopy, T1 samples showed well-organized osteo-
blasts and extracellular matrix (ECM), and surrounding areas of
connective tissue where a discrete number of blood vessels can be
distinguished. Samples obtained from reconstructed areas after a
long period of follow-up (T2) were characterized by uniform min-
eralized ECM with cavities containing osteocytes, whereas T0 sam-
ples disclosed both mineralized matrix and bone marrow. Matrix
metalloproteinase 2 (MMP-2), vascular endothelial growth factor
(VEGF), inducible nitric oxide synthase (iNOS), and bone sialo-
protein (BSP) expressions were investigated by immunohistochem-
ical analysis. BothMMP-2 andVEGF showed significantly increased
expression in T1, with respect to T0, and lowered in T2. Otherwise,
BSP expression, which was elevated in native iliac crest bone (T0),
was deeply decreased in T1 and T2 samples. Moreover, changes in
iNOS expression and in apoptotic cell nuclei percentages (TUNEL
analysis) seemed to have a similar trend, increasing in T1 and low-
ering in T2.

After a period of 4 months, iliac crest bone graftYreconstructed
sites show mineralizing nuclei not strongly represented, as suggested
by BSP lower expression, whereas new blood vessel proliferation
and active remodeling phenomena are developing. After a long period
from the grafting (T2), BSP expression decreases along with MMP-2,
VEGF, and iNOS, suggesting the presence of only weak arrangement
phenomena of the graft.

Key Words: Iliac crest bone graft, matrix metalloproteinase 2,
vascular endothelial growth factor, inducible nitric oxide synthase,
bone sialoprotein

(J Craniofac Surg 2011;22: 1702Y1707)

Hard tissue defects, resulting from trauma, infections, or tooth
loss, often lead to an unfavorable anatomy of maxillary and

mandibular alveolar processes requiring bone grafting before im-
plant therapy.1,2 The goal of bone augmentation before implant
placement in deficient alveolar ridge is the reconstruction of a cor-
rect alveolar structure by horizontal and vertical ridge augmenta-
tion, sinus bone grafting, and other.3,4 In recent years, a variety of
bone grafts and biomaterials have been used for augmentation of
deficient alveolar ridge before implant treatment in partially and
completely edentulous patients, including autogenous, allogenic, xe-
nogenic, synthetic bone, and combinations of these.5,6 However, the
use of autologous bone graft remains the criterion standard of
therapy.7 Extraoral grafts have been estimated as a good solution to
correct bone lack, obtaining a large quantity of bone tissue,8 with a
lower resorption rate than intraoral bone graft during the healing
process.9,10 Extraoral sites of autogenous block grafts include ilium,
calvarium, tibia, rib, and others.11,12

The iliac crest is one of the most common donor sites for
autogenous bone grafting owing to the bone accessibility and to the
availability of an adequate quantity of both cortical and cancellous
bone and comparably low morbidity associated to the procedure.13

Many studies have described postoperative conditions and compli-
cation at the donor site, with differences in their incidence and se-
verity according to the location of the iliac crest donor site and the
harvesting techniques used.14,15

After bone graft insertion, to ensure new bone formation at
the site of bone augmentation, graft resorption and the formation of
new blood vessels seem essential.16 Moreover, the neoangiogenic
process allows undifferentiated mesenchymal stem cells, diffusing
from blood vessels, to colonize the grafted area from the periph-
eral zone to the center, accompanied by an inflammatory response.
Neoangiogenesis and bone integration processes involve a number
of moleculae, of which matrix metalloproteinase 2 (MMP-2), vas-
cular endothelial growth factor (VEGF), bone sialoprotein (BSP),
and inducible nitric oxide synthase (iNOS) expressions were in-
vestigated in this study.

The vascular network between bone graft and the recipient
site is provided by endothelial cell proliferation and the creation
of new blood vessels, which include the activation of many tran-
scription factors producing cytokines, matrix proteases, and adhe-
sion molecules.17Y19 Initially, endothelial cells lining the existing
microvessels, in response to angiogenic stimuli, degrade their base-
ment membrane by secreting proteolytic enzymes, including MMPs
and serine proteases, thus providing the physical space for MMPs.
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These belong to a family of enzymes playing a central role in ECM
turnover and remodeling, based on their ability to hydrolyze major
protein components of the ECM.20 Matrix metalloproteinase 2, the
constitutive form of MMPs, degradates collagen at the vascular
basement membrane and involves other specific collagenases in
interstitium degradation.21

New vessels grow after the degradation of the extracellular
components. This growth is supported also by VEGF, which plays
an important role in the maintenance and development of endothe-
lial fenestrations22,23 and in endothelial survival, as demonstrated
by in vitro and in vivo studies.24,25

Bone sialoprotein, as a component of the ECM, regulates
bone apposition and remodeling. It plays important functional roles
in the promotion of the osteoclastic resorption of mineralized
surfaces. Previous studies demonstrated positive staining for BSP
in active osteogenic cells at the site of new bone formation.26,27

However, its expression is not only related to the mature osteo-
blastic phenotype but also upregulated by factors inducing osteo-
blast differentiation.28,29

After graft insertion, any host tissue reacts with an inflam-
matory response, which could be still recognizable 4 months after
the grafting. In this sense, iNOS expression, a calcium-independent
molecule expressed in response to endotoxins and to inflammatory
cytokines in macrophages and many other cell types,30,31 could be
evaluated to estimate the entity of the inflammatory reaction.

In this work, the morphologic modifications and the ex-
pression of MMP-2, VEGF, iNOS, and BSP have been investigated
in samples obtained from iliac crest bone graft reconstructed sites,
4 months (T1) and 10 years (T2) after grafting, in comparison to na-
tive iliac crest bone (T0).

MATERIALS AND METHODS
Patients needing oral rehabilitation of the posterior maxilla,

with bone volume inadequate for implant placement, were sched-
uled for bone augmentation with autologous bone graft. All the
bone defects considered could be classified as class G according to
Chiapasco’s Classification of the Posterior Maxilla (2004).32

Samples of the specimens used for morphologic and immu-
nohistochemical analysis were evaluated at 3 different experimental
times:
& T0: samples of bone tissue obtained from the iliac crest at the

moment of bone block withdrawal for the grafting;
& T1: samples of bone tissue collected from the grafted area at the

moment of implant placement, that is, approximately 4 months
after the first intervention;

& T2: samples of bone tissue collected from the grafted area after
10 years from grafting.

In all cases, bone specimens were collected by a 3-mm-
diameter trephine.

All patients who underwent surgical procedures and who
were included in this research gave written informed consent in
accordance with the local ethics committee and in compliance with
Italian legislation and with the code of Ethical Principles for Medical
Research Involving Human Subjects of the World Medical Associ-
ation (Declaration of Helsinki).

Complete medical anamnesis and radiographic examinations
were carried out on all patients before surgical procedures. Healthy
systemic conditions, including the absence of any disease that would
contraindicate surgery, were necessary to be included in the study.
The exclusion criteria were uncontrolled periodontal disease, severe
illness, unstable diabetes, drug abuse, a history of head and neck
irradiation, chemotherapy. Orthopantomograms and computed tomo-
graphic scans of the jaw were included in preoperative radiographic
evaluation.

Maxillary reconstructions were performed under general an-
esthesia by positioning onlay iliac crest bone blocks. All patients
received prophylactic antibiotic therapy (ceftriaxone). The surgical
access to iliac crest was made approximately 4 cm behind the an-
terior upper iliac spine, by a skin incision approximately 2 cm long.
The skeletonization of the internal iliac hole was performed, fol-
lowed by an anterior-medial bicortical grafting according to the
technique of Grillon et al.12 After shaping the bone tissue by pie-
zosurgery (Easy Surgery; BioSAF Srl, Ancona, Italy), the bone
blocks were mobilized using chisels.

The dimension of the defects regulated the bone block shape,
correctly fitted in the recipient site. Before insertion, to increase the
blood supply from endosseous vessels, the cortical bone of the re-
cipient site was perforated with a 1-mm-diameter round bur, and
the bone blocks were fixed with lag screw to rebuild the alveolar
ridge. All gaps between the bone blocks and the recipient sites were
packed with particulate bone from the same donor site. The maxil-
lary sinus was filled with bone chips obtained from the same donor
sites. The grafted areas were covered with a resorbable barrier.
After releasing the vestibular periosteum, the flap was sutured.
Postoperative therapy protocol comprised administration of anti-
biotic (ceftriaxone) 2 g/d for 10 days, nonsteroidal analgesic drug
(ketoprofen) at a dose of 200 mg twice daily for 3 days and
thereafter as required, cortisone (betamethasone) 4 mg/d for 2 days,
and 2 mg on day 3. Moreover, soft diet and oral hygiene, including
3 times daily rinsing with 0.2% chlorhexidine mouthwash and
application of 1% chlorhexidine gel on the surgical site, were
prescribed. Sutures were removed 10 days after the intervention,
and postoperative checkups were scheduled weekly for the first
month and then monthly. After 4 months, the patients underwent
a second surgical step for implant insertion (T1). Contextually, the
fixation screws were removed. The implant features (diameter and
length) were decided according to the individual anatomic situation.
The implants were allowed to heal unloaded for 6 months for os-
seointegration before prosthetic rehabilitation was initiated. Pharma-
cologic protocol included antibiotic (amoxicillin) 2 g 1 hour before
the surgery and 1 g twice per day for the following 5 days and non-
steroidal analgesic drug to be taken as required. After prosthetic fi-
nalization, patients were enrolled in an oral hygiene program with
evaluation twice a year. Patients with a 10-year follow-up, with op-
timal general health conditions, were asked to be subjected to bone
biopsy in the site reconstructed with iliac crest bone graft (T2).

Light Microscopy Analyses
and Immunohistochemistry

Bone samples, 5 Km thick, fixed in phosphate-buffered for-
malin solution, were dehydrated through ascending alcohols and xy-
lene and then paraffin-embedded and decalcified in EDTA solution
according to the manufacturer’s instructions (MIELODEC kit; Bio-
Optica, Milan, Italy). The samples were then dewaxed (xylene and
alcohol at progressively lower concentrations) and processed for he-
matoxylin and eosin staining and for immunohistochemical analyses.

Samples were then observed by means of a light microscope
(DM 4000; Leica Cambridge Ltd, Cambridge, UK) equipped with a
camera (DFC 320; Leica Cambridge Ltd) for computerized images.

Immunohistochemistry was performed on 5-Km-thick sec-
tions by means of Ultravision LP Detection System HRP Polymer
and DAB Plus Chromogen (LabVision Thermo, Fremont, CA) to
detect MMP-2, VEGF, BSP, and iNOS proteins. Slides were incu-
bated in the presence of mouse antiYMMP-2 monoclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-VEGF and
anti-iNOS polyclonal antibodies (Santa Cruz Biotechnology), and
mouse anti-BSP monoclonal antibody (Calbiochem Merck, Cam-
bridge, MA). Sections were incubated in the presence of specific
HRP-conjugated secondary antibodies. Peroxidase was developed
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using diaminobenzidine chromogen, and nuclei were hematoxylin-
counterstained. Negative controls were performed by omitting the
primary antibody.

TUNEL Analysis
Terminal-deoxynucleotidyl-transferaseYmediated dUTP nick

end-labeling (TUNEL) is a method of choice for quantification and
rapid identification of apoptotic cells. Paraffin-embedded tissue
sections were dewaxed and rehydrated. DNA strand breaks, gener-
ated during apoptosis, can be identified by labeling free 3¶-OH ter-
mini with modified nucleotides in an enzymatic reaction. After
2 rinses in PBS, slides were dehydrated, mounted by using a perma-
nent media, and analyzed with a light microscope (Leica Cambridge
Ltd). Five slides from each sample were assessed, and apoptotic cell
counts were performed on 10 fields per slide. The negative control
was performed by omitting the incubation in the presence of the
enzymatic mixture, and the positive control was performed by treating
1 slide with DNAse I. All steps were realized with FragEL DNA
fragmentation Detection Kit according to the manufacturer’s instruc-
tions (Calbiochem Merck, Cambridge, MA).

Computerized Morphometry Measurements
and Image Analysis

After digitizing the images deriving from immunohistochemi-
cal stained sections, QWin Plus 3.5 software (Leica Cambridge Ltd)

was used to evaluate MMP-2, VEGF, BSP, and iNOS expressions.
Image analysis of protein expression was carried out through the
quantification of the thresholded area for immunohistochemical
brown color per 10 fields of light microscope observation. QWin
assessments were logged onto Microsoft Excel (Microsoft Corp,
Redmond, WA) and processed for SDs and histograms. The statistical
significance of the results was evaluated using the t-test and the linear
regression test, with P = 0.05.

RESULTS
Morphologic analysis carried out by light microscope, after

hematoxylin and eosin staining, shows rare areas of mineralized
tissue in native iliac crest bone (T0 samples) surrounding wide la-
cunae containing bone marrow (Fig. 1A).

Samples obtained 4 months after grafting (T1 samples) show
both mineralized and nonmineralized areas, and the quantity of
mineralized components is greater than that observed in T0 samples.
Among these areas, large sites of vascularized connective tissue,
with few blood vessels, can be distinguished (Fig. 1B). In T2 sam-
ples, the staining highlights the presence of mineralized ECM areas
with disk-shaped cavities, showing gaps in which osteocytes are
entrapped (Fig. 1C).

Angiogenic activity in samples at different experimental
times was evaluated by performing MMP-2 and VEGF immuno-
histochemical analysis. Both molecule expressions are increased in
the T1 sample, whereas in T2, their expression dramatically lowers
(P G 0.05; Figs. 2 and 4).

Because the bone graft insertion induces a resorption re-
action, BSP expression analysis was performed. Bone sialoprotein
is highly expressed in the T0 sample, decreasing in the T1 and T2

FIGURE 1. Hematoxylin and eosin staining of the T0, T1,
and T2 samples. Original magnification, �20. A, T0 sample:
samples of bone tissue obtained from the native iliac crest.
B, T1 sample: samples of bone tissue collected from the grafted
area at the moment of implant placement (4 months after
the first intervention). C, T2 sample: samples of bone tissue
collected from the grafted area after 10 years after iliac crest
bone graft. Note in T0 sample large areas of bone marrow;
on the contrary, there are not a lot of mineralized areas. T1
sample evidences a dynamic situation, with connective tissue
and mineralized areas. T2 sample shows a large presence of
mineralized ECM areas in which osteocytes can be distinguished.

FIGURE 2. Immunohistochemical detection of MMP-2
(left panel) and VEGF (right panel) in the T0, T1, and
T2 samples. Original magnification, �20.
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samples (P G 0.05), in which values seem strictly related to each
other. Moreover, changes in iNOS expression were also measured.
This protein shows its greatest expression in T1 samples, whereas
it is almost not detectable in T2 (Figs. 3 and 5).

Finally, the apoptotic response of the host tissue was evalu-
ated by TUNEL analysis. Apoptotic nuclei percentage results higher
in the T1 sample, whereas in the T0 and T2 samples, the apoptotic
nuclei percentage is lower and compatible with physiological values
(Fig. 6).

DISCUSSION
Implant treatment for some patients would not be an option

without horizontal or vertical bone augmentation. In the litera-
ture, autologous bone grafts are considered as the criterion stan-
dard, with high biologic and mechanical properties.33,34 Extraoral

grafts allow to obtain a large amount of bone tissue with a good
cortical/cancellous bone ratio. According to bone graft embryo-
logical derivation and to microarchitecture, many authors agree
that calvarial bone has a minimal resorption rate, a good biologic
integration, and a more predictable clinical outcome when used for
reconstructing atrophic jaw.35Y37

On the other hand, other authors state that, despite the em-
bryologic origin, the number of cortical layers and the microscopic
architecture of the tissue harvested are the only variables that may
affect clinical success of the bone graft.38,39 The use of autologous
bone graft could be accompanied by the risk of intraoperative com-
plications: postoperative temporary or permanent patient morbidity.
The incidence of complications may vary according to the donor site,
to the patient’s age and general conditions, to the surgical technique
used, and to the surgeon’s ability.12,40 Because of its easy accessibility,
availability of a large quantity of bone comparedwith other donor sites,
good quality, and low donor site morbidity, the iliac crest could be
considered a good source for harvesting bone grafts.14 In our study,

FIGURE 4. Graphic representation of densitometric analysis of
MMP-2 and VEGF-positive area determined by direct visual
counting of 10 fields for each of 5 slides per sample at � 20
magnification (mean values T SD) (P G 0.05).

FIGURE 5. Graphic representation of densitometric analysis
of BSP and iNOS-positive area determined by direct visual
counting of 10 fields for each of 5 slides per sample at � 20
magnification (mean values T SD) (P G 0.05).

FIGURE 3. Immunohistochemical detection of BSP (left panel)
and iNOS (right panel) in T0, T1, and T2 samples. Original
magnification, �20.

FIGURE 6. A, Detection of apoptotic nuclei in T0, T1, and
T2 samples by TUNEL; positive nuclei are brown, negative
ones are blue. Original magnification, �40. B, Graphical
representation of TUNEL analysis. Five slides were examined
per sample. Apoptotic cells were counted of a total of
100 cells and expressed as percentage. Values represented
in the graph are mean T SD. n = 3 for all groups.
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iliac crest bone blocks were used as onlay grafts to reconstruct pos-
terior maxilla, whereas bone chips harvested from the same donor sites
were used for maxillary sinus filling to replace bone height reduced
by early tooth loss. Onlay grafts have been successfully used in the
correction of the bone defects in edentulous ridges; however, a con-
siderable resorption of the graft before implant insertion has been
reported.41 Several studies report a 50% average volume loss of grafted
iliac crest for onlays42,43; only for iliac crest grafts onlay-positioned
in the posterior maxilla did a study report smaller percentage of
resorption (16%).44 In our study, we found a moderate resorption of
the graft after 4 months, when implant insertion occurs, although no
significant difference could be noticed in bone height between T1 and
T2, probably indicating that implant insertion is fundamental to en-
sure long-period volume maintenance of the graft. According to pre-
vious reports,45Y47 the survival and success rates of implants placed in
grafted bone, along with the peri-implant bone resorption recorded
during the follow-up period, do not show significant differences with
those inserted in native bone. Otherwise, the early bone loss detected
could be associated to a major difficulty in soft tissue management
in onlay reconstruction, which is often associated to an elevate risk
of dehiscence with subsequent necrosis or infection of the graft.

To evaluate the graft integration with host tissue after short
and long periods, we investigated samples obtained from sites re-
constructed by iliac crest bone graft after approximately 4 months
(T1) and after approximately 10 years (T2), in comparison to iliac
crest samples obtained from donor sites at the moment of withdrawal
for the grafting (T0).

As the graft integration requires, in the initial phase, ECM
resorption and new blood vessel formation, the regenerative re-
sponse was evaluated by investigating MMP-2, VEGF, BSP, and iNOS
expression.

The 72-kd type IV collagenase, also known as MMP-2, plays
an important functional role in the development of new blood
vessels by degrading endothelial basement membrane and ECM
collagen, thereby supplying adequate space for endothelial cell pro-
liferation. In this research, its expression is well appreciated in T1
samples, sustaining its involvement in the phase of graft integration.
This behavior could be related to morphologic structure revealed by
hematoxylin and eosin staining. In fact, after 4 months, samples ob-
tained from the grafted areas show a possible presence of remodeling
phenomena, thus explaining a more intense angiogenic activity in
T1 samples. These phenomena are otherwise less evident in T0 and
T2 samples, where the situation is not dynamic, showing a predomi-
nance of connective or mineralized tissue.

As VEGF plays an important role in the maintenance and
development of endothelial fenestrations and in endothelial sur-
vival,23,25 the higher expression of both MMP-2 and VEGF in
T1 samples, compared with T0 and T2 samples, suggests that, after
approximately 4 months, the integration of the grafts needs the
synthesis of new blood vessel formation.

Unlike angiogenic processes, which are highly evident in
T1 samples, BSP labeling, detecting new bone formation areas,26,27

highlights few osteogenic sites, both in T1 and T2 samples. This
suggests insufficient and weak osteogenic events also during the
tissue remodeling phase (T1). Furthermore, the inflammation pro-
cess, indicated by iNOS expression, a molecule expressed in re-
sponse to endotoxins and to inflammatory cytokines,30,31 is shown
to undergo an evident increase from the T0 condition to the T1 one
and to return after 10 years from the graft insertion, showing a strong
and unexpected reaction concerning the host tissue during the
remodeling phase and allowing us to hypothesize evident inflam-
matory events during the integration process. In parallel, the biologic
effect, measured by TUNEL analysis of apoptotic cells, supports
this hypothesis, showing the highest number of apoptotic nuclei in
the T1 sample.

All in all, these results, even considering the great amount
of samples, the easy withdrawing possibility, the good bone quality
and the discreet integration due to the good vascularization but not
supported by new bone synthesis, suggest that the iliac crest bone
graft is not an ideal solution, especially when compared with cal-
varia bone graft for the cell viability performance, as reported in
our previous study.
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9. Crespi R, Vinci R, Capparè P, et al. Calvarial versus iliac crest
for autologous bone graft material for a sinus lift procedure: a
histomorphometric study. Int J Oral Maxillofac Implants
2007;22:527Y532

10. Bianchi AE, Vinci R, Torti S, et al. Atrophic mandible reconstruction
using calvarial bone grafts and implant-supported overdentures:
radiographic assessment of autograft healing and adaptation.
Int J Periodontics Restorative Dent 2004;24:334Y343

11. Lizuka T, Smolka W, Hallermann W, et al. Extensive augmentation
of the alveolar ridge using autogenous calvarial split bone grafts
for dental rehabilitation. Clin Oral Implants Res 2004;15:607Y615

12. Grillon GL, Gunther SF, Connole PW. A new technique for obtaining
iliac bone grafts. J Oral Maxillofac Surg 1984;42:172Y176

13. Nkenke E, Weisbach V, Winckler E, et al. Morbidity of harvesting of
bone grafts from the iliac crest for preprosthetic augmentation procedures:
a prospective study. Int J Oral Maxillofac Surg 2004;33:157Y163

14. Schaaf H, Lendeckel S, Howaldt HP, et al. Donor site morbidity after
bone harvesting from the anterior iliac crest. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010;109:52Y58

15. Ishii S, Shishido F, Miyajima M, et al. Imaging findings at the donor
site after iliac crest bone harvesting. Skeletal Radiol 2010;39:1017Y1023

16. Faria PE, Okamoto R, Bonilha-Neto RM, et al. Immunohistochemical,
tomographic and histological study on onlay iliac grafts remodeling.
Clin Oral Implants Res 2008;19:393Y401
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LIQUIDO AMNIOTICO / CELLULE STAMINALI /
IMPIANTI ORALI IN TITANIO / DIFFERENZIAZIONE OSTEOGENICA /
AMNIOTIC FLUID / STEM CELLS / ORAL TITANIUM IMPLANT /
OSTEOGENIC DIFFERENTIATION

SCOPO
DEL LAVORO
Nel presente studio è riportato
un protocollo single step per la
differenziazione osteoblastica di
cellule staminali provenienti da
liquido amniotico.

MATERIALI
E METODI
Al fine di testare la capacità
proliferativa di queste cellule
sulle superfici utilizzate in
implantologia orale, sono stati
effettuati test su differenti dischi
come il rame liscio, il titanio
machined e il titanio sabbiato e
acidificato (WMRS®, WINSIX®

della BioSAFin). Le cellule così
ottenute sono state sottoposte
ad analisi RT-PCR e marcate con
Alizarin Red per evidenziare la
presenza di noduli calcifici
espressione di matrice ossea
mineralizzata.

RISULTATI
E DISCUSSIONE
Il processo di coltura single step
consente una riduzione di 20
giorni del tempo di coltura
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Isolamento di
progenitori osteogenici
provenienti da liquido
amniotico utilizzando
un protocollo di coltura
cellulare single step

Isolation of osteogenic progenitor
from amniotic fluid using a single
step cell culture protocol

rispetto ai protocolli tradizionali.
Il numero di cellule ottenute
usando il nostro protocollo
sembra essere sufficiente per
future finalità terapeutiche a
livello locale. L’osservazione
effettuata tramite l’utilizzo della
microscopia elettronica ha
mostrato una crescita ottimale e
una adesione valida delle cellule
osteoblastiche sulla superificie in
titanio WMRS® attualmente
utilizzata negli impianti dentali.

CONCLUSIONE
Il protocollo descritto nel
presente studio mostra la
capacità di produrre cellule
osteoblastiche da campioni di
liquido amniotico in un tempo
molto breve, essendo queste
cellule già altamente
differenziate entro un mese dal
prelievo. L’utilizzo del liquido
amniotico come fonte di tali
cellule presenta il vantaggio di
provenire da campioni clinici già
disponibili.

AIM OF THE WORK
The present study reports a
single step protocol for
osteoblastic differentiation of
stem cells obtained from
amniotic fluid. 

MATERIALS
AND METHODS
In order to test the proliferative
ability of these cells on the
surfaces used in oral
implantology, tests on disks of
different materials such as
smooth copper, machined
titanium and sandblasted and
acid etched titanium (WMRS®,
WINSIX® by BioSAFin) were
performed. The samples
underwent RT-PCR analysis and
staining with Alizarin Red to
show the presence of calcific
nodules, as the expression of
mineralized bone matrix.

RESULTS
AND DISCUSSION 
The single step culture protocol
presented in this study reduced
of 20 days cell culture time
compared to previous protocols.

The number of cells obtained
with this protocol seems to be
enough for future local
treatment. The observation at the
electron microscope showed a
good adhesion of osteoblastic
cells on the WMRS® titanium
surface currently used in
titanium implants. 

CONCLUSION
The protocol described in this
study confirms that it is
possibile to obtain osteoblastic
cells from samples of amniotic
fluid in a very short time, being
these cells already highly
differentiated within a month
from harvesting. The use of
amniotic fluid as source for such
cells has the advantage of being
easily obtained from routine
amniocentesis samples.
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state trasferite in coltura nel mezzo
osteogenico.  Dopo 18 giorni di coltura
nel terreno osteogenico (40 giorni dal
prelievo), le cellule hanno mostrato una
confluenza del 70-75%, e la presenza di
noduli di mineralizzazione del calcio è
stata apprezzabile. Il numero e le di-
mensioni di questi aggregati è aumen-

tato nei giorni seguenti. Le cellule colti-
vate direttamente nel terreno osteoge-
nico (protocollo 2) hanno raggiunto il
70-75% di confluenza dopo 18 giorni dal
prelievo. Tale confluenza è aumentata
ulteriormente nei giorni seguenti. La co-
lorazione con Alizarin Red conferma la
presenza di mineralizzazione.

RICERCA

INTRODUZIONE

e cellule staminali iso-
late dal liquido amnioti-
co sono note per esse-
re in grado di differen-
ziarsi in diversi tipi cel-
lulari. Vengono quindi
considerate come un

potenziale strumento per la terapia cel-
lulare di diverse malattie umane. 
Nel presente studio, riportiamo un unico
protocollo, un passo innovativo per la
differenziazione osteoblastica di cellule
provenienti dal liquido amniotico.
Il protocollo descritto è in grado di forni-
re cellule osteoblastiche producendo
noduli calcifici mineralizzati entro 18
giorni dal prelievo dei campioni di liqui-
do amniotico. Queste cellule presentano
una completa espressione dei marcato-
ri osteogenici (Col1, ONC, OPN, OCN,
OPG, BSP, Runx2) entro 30 giorni dal
prelievo. Al fine di testare la capacità
proliferativa di queste cellule sulle su-
perfici di uso comune in implantologia
orale osteointegrata, abbiamo effettuato
test su dischi di coltura diversi, rame li-
scio, titanio machined ed il titanio sab-
biato e acidificato (titanio WMRS®). Tali
dischi sono stati forniti dall’azienda Bio-
SAFin. Successive analisi di microsco-
pia elettronica hanno evidenziato una
migliore crescita cellulare sulla superfi-
cie di quest’ultimo. 
Il protocollo descritto fornisce uno stru-
mento efficace che permette di rispar-
miare tempo per la produzione di cellule
osteogeniche da liquido amniotico che
in futuro potrebbero essere utilizzate in
implantologia orale osteointegrata.
Nel presente studio è stata ottenuta
una differenziazione in senso osteobla-
stico utilizzando due differenti protocolli
di coltura di cellule provenienti da liqui-
do amniotico. Nel primo protocollo, le
AFMSCs sono state trasferite nel me-
dium osteogenico al sesto passaggio,
mentre nel secondo protocollo campio-
ni di liquido amniotico sono stati diretta-
mente sospesi nel medium osteogenico
senza la selezione delle AFMSCs. 
Nel protocollo 1, sette giorni dopo l'avvio
della coltura principale, cellule simil fi-
broblastiche sono apparse sia in forma
isolata che in colonie. Dopo 20-22 gior-
ni di coltura, si aveva confluenza del 70-
80%, le cellule sono state quindi raccol-
te. L’analisi RT-PCR, effettuata su RNA
estratto dalle cellule in questa fase, ha
evidenziato la presenza di geni prece-
dentemente segnalati come espressi
nelle AFMSCs, vale a dire SDF1,
CXCR4, Oct-4, SCF, GATA-4, Vim, FGF -
5, Pax-6, NCAM, AFP, BMP-2. 
Le cellule raccolte a 20-22 giorni sono

PRELIEVO DEL LIQUIDO AMNIOTICO

Giorno 0

Protocollo 1 Protocollo 2

giorno 22
Isolamento delle cellule
mesenchimali staminali

giorno 40
Differenziazione in
senso ostogenico

giorno 50
Completa espressione

dei marker della differenziazione
osteogenica

giorno 18
Differenziazione in senso

osteogenico

giorno 30
Completa espressione
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La presenza di impianti con differenti
trattamenti superficiali, e diversa morfo-
logia della superficie, ci permette di va-
lutare qualla che potrebbe risultare la
superficie migliore per garantire una ot-
timale proliferazione delle cellule osteo-
blastiche e aumentare e favorire l’oste-
ointegrazione attorno all’impianto. Nei
nostri esperimenti non sono state rileva-
te cellule adese alla superficie liscia del
rame, mentre un diverso comportamen-
to delle cellule simil osteoblastiche è
stato osservato nel titanio machined e
nel titanio WMRS®. Sulle superfici di ti-
tanio machined, si trovano poche cellule
aderenti. Al contrario, le cellule aderenti
hanno ricoperto interamente la superfi-
cie del disco in titanio WMRS®.
Al fine di valutare la stabilità mitotica
delle cellule, l’indagine citogenetica è
stata condotta sul protocollo di coltura
n. 2 al giorno 30, ed è stato mostrato un
normale cariotipo diploide in tutte le me-
tafasi esaminate.

MATERIALI E METODI

Campioni di liquido amniotico sono sta-
ti ottenuti da 11 donne sottoposte ad
amniocentesi per la diagnosi prenatale
durante il periodo compreso tra le 16 e
19 settimane di gravidanza dopo il con-
senso informato scritto. Lo studio è sta-
to approvato dal Comitato Etico per la
ricerca biomedica dell’Università degli
studi “G. d’Annunzio” di Chieti. Dopo 7
giorni, le cellule non aderenti sono sta-
te rimosse e le cellule aderenti sono ri-
maste a proliferare nel medium. Quan-
do la coltura ha raggiunto la confluenza
(circa 20 giorni dopo la coltura principa-
le), le cellule sono state trattate con
tripsina 0,05% e 0,02% EDTA, poi con-
tate e immesse in 2 fiasche di cultura
da 25 cm.  

Differenziazione osteogenica

Due protocolli di coltura diversi sono
stati utilizzati per la differenziazione
osteogenica delle cellule del liquido am-
niotico. 
› Nel primo protocollo (protocollo 1) le

AFMSCs al sesto passaggio sono
state trasferite in un terreno osteoge-
nico consistente in un terreno di col-
tura semplice alpha-MEM con l’ag-
giunta di 150 mg/l β-glicerofosfato, 50
mg/ml di acido ascorbico e 10-8 M di
desametasone. 

› Nel secondo protocollo (protocollo
2) pellets di campioni di liquido am-
niotico sono stati direttamente so-
spesi nel medium osteogenico senza
la selezione delle AFMSCs.

RICERCA
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Per visualizzare i sedimenti di calcio, le
cellule trattate con il protocollo 2 sono
state colorate in tempi diversi (19, 22 e
30 giorni dal prelievo) con Alizarin Red.
La mineralizzazione è stata dimostrata
dalla presenza di depositi di pigmento
rosso.

Coltura su superfici diverse

Sono stati utilizzati tre dischi test (dia-
metro 10 mm, spessore 5 mm) per ogni
superficie, vale a dire rame liscio, titanio
machined e titanio sabbiato e acidifica-
to (titanio WMRS®). Tali dischi sono sta-
ti forniti dall’azienda BioSAFin. Dopo la
differenziazione, al giorno 15, le cellule
osteoblastiche ottenute con il protocol-
lo 2 sono state divise in tre gruppi.
Quando è stata osservata confluenza al
70% (dopo 2-3 giorni di coltura), le cel-
lule sono state preparate e analizzate
mediante SEM.
L’RNA è stato isolato da: 
› cellule AFMSCs dopo 20 giorni di

coltura in terreno standard (proto-
collo 1); 

› cellule differenziate dopo 30 giorni
in medium osteogenico (protocolli 1
e 2); 

› RNA dal liquido amniotico usato co-
me controllo. 

L’amplificazione è stata eseguita con
primers specifici per due classi di geni:
› i geni espressi nelle cellule mesen-

chimali (SDF1, CXCR4, Oct-4, SCF,
GATA-4, Vim, FGF-5, Pax-6, NCAM ,
AFP, BMP-2);

› geni espressi durante la differenzia-
zione osteogenica (col1, ONC, OPN,
OCN, OPG, BSP e Runx2).

DISCUSSIONE 

Nel presente studio abbiamo dimostra-
to la capacità di AFS umane di differen-
ziarsi in cellule osteogeniche utilizzando
un processo di coltura single step, con-
sentendo una riduzione di 20 giorni per
quanto riguarda il tempo di coltura ri-
spetto ai protocolli riportati in prece-
denza. Questo potrebbe rappresentare
un passo importante in vista di una pos-
sibile applicazione terapeutica di queste
cellule. 
Il numero di cellule ottenute usando il
nostro protocollo sembra essere suffi-
ciente per future finalità terapeutiche a
livello locale.
Al fine di testare la capacità delle cellu-
le osteoblastiche ottenute da liquido
amniotico a proliferare sulle superfici di
uso comune in implantologia cranio-
facciale e di valutare la loro utilità per
l’ingegneria tissutale, abbiamo provato
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le cellule ottenute su dischi in titanio
machined e titanio WMRS®. 
L’osservazione effettuata tramite l’utiliz-
zo della microscopia elettronica ha mo-
strato una crescita ottimale e un’adesio-
ne valida delle cellule osteoblastiche
sulla superificie in titanio WMRS® at-
tualmente utilizzata negli impianti denta-
li WINSIX®.

CONCLUSIONE 

Il protocollo descritto nel presente stu-
dio mostra la capacità di produrre cellu-
le osteoblastiche da campioni di liquido
amniotico in un tempo molto breve, es-
sendo queste cellule già altamente dif-
ferenziate entro un mese dal prelievo.
Anche se progenitori osteoblastici pos-
sono essere efficacemente ottenuti dal-
le cellule stromali del midollo osseo,
l’uso di liquido amniotico come fonte di
queste cellule è molto rilevante in quan-
to le AFS possono essere facilmente ot-
tenute da amniocentesi di routine da
campioni clinici che altrimenti sarebbero
buttati via.
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FCC® / ANALISI PROFILOMETRICA AL SEM /
BIC / MICROANALISI A RAGGI X /
FCC® / SEM PROFILOMETRY ANALYSIS / BIC /
X-RAY MICROANALYSIS

SCOPO DEL LAVORO
Scopo di questo studio è stato quello di valutare la
macrostruttura e la nanostruttura di una nuova
superficie implantare, FCC® (Full Contact Covering®).

MATERIALI E METODI
La nuova superficie implantare, FCC®, ottenuta con
tecnica elettrochimica, è stata analizzata mediante
analisi profilometrica al SEM e microanalisi a raggi X.

RISULTATI E CONCLUSIONE
I risultati ottenuti dall’analisi di questa superficie sono
stati confrontati con quelli relativi alle superfici sabbiata
e sabbiata e mordenzata.

AIM OF THE WORK
The purpose of this study was to assess the
macrostructure and the nanostructure of a new implant
surface, FCC® (Full Contact Covering®).

MATERIALS AND METHODS
The new implant surface, FCC®, obtained by an
electrochemical technique, was analyzed through SEM
profilometry analysis and X-ray microanalysis.

RESULTS AND CONCLUSION 
The results obtained from this suface analysis were
compared with those of the Sandblasted and
Sandblasted Acid-Etched surfaces.
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Valutazione
della macrostruttura
e della nanostruttura
di un nuovo tipo
di impianti dentali

Evaluation of macrostructure
and nanostructure of a new type
of dental implants
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INTRODUZIONE

l successo in terapia
implantare è stretta-
mente legato all’otte-
nimento dell’osteoin-
tegrazione, condizione
che si verifica quando
si ha un contatto otti-

male tra superficie implantare e tessuto
osseo. Un ruolo di grande importanza
per il raggiungimento di questa condi-
zione è rivestito dalla forma dell’impian-
to, dalle spire presenti sul corpo implan-
tare, dal loro numero, dalla loro forma in
sezione, dal disegno in punta dell’im-
pianto e dalla rugosità di superficie, che
aumenta l’interfaccia di contatto tra tes-
suto osseo e fixture, favorendo così
l’osteointegrazione.
Diversi studi hanno evidenziato come il
BIC (Bone to Implant Contact) aumenti
notevolmente mediante l’utilizzo di im-
pianti in titanio che presentino superfici

I

rugose che in tal modo possono influen-
zare il processo di osteointegrazione
condizionando i meccanismi cellulari.
Le cellule osteoblastiche sembrano es-
sere suscettibili alla rugosità di superfi-
cie che le induce ad orientarsi ed a mi-
grare lungo le microcavità. Le superfici
ruvide possono essere ottenute me-
diante sabbiatura, acidificazione o con
una combinazione delle due tecniche.
In questo studio viene analizzata una
nuova tipologia di superficie chiamata
FCC® (Full Contact Covering®) ottenuta
con tecnica elettrochimica, della quale
vengono analizzati la macrostruttura
geometrica, la topografia di superficie e
la composizione chimica comparando
tali caratteristiche a quelle degli impian-
ti con superficie sabbiata e sabbiata e
mordenzata (fig. 1). 

MATERIALI E METODI

Valutazione
della macrostruttura
e rugosità della superficie

Gli impianti dentali utilizzati sono stati for-
niti dall’azienda BioSAFin e appartengo-
no al sistema WINSIX®. 
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FIG. 1

FIG. 2

Gli impianti appartengono a 3 gruppi: 
1. Sab, con superifcie sabbiata, di forma

cilindrica;
2. WMRS, con superficie sabbiata e

mordenzata, di forma cilindrica;
3. FCC® (Full Contact Covering®), conici

con le spire che diventano più fitte
dalla porzione coronale a quella api-
cale, il che gli conferisce aspetto cilin-
drico.

Le superfici sono state analizzate al SEM
ed è stata effettuata una valutazione pro-
filometrica, oltre che una analisi della
composizione chimica di  superficie tra-
mite spettroscopia  fotoelettronica a rag-
gi x (XPS). 

RISULTATI

L’analisi dei 3 tipi di impianti dentali ha
dimostrato sensibili differenze tra le va-
rie superfici sia a livello microscopico
che macroscopico. 
› Nei  Sab a basso ingrandimento si

nota il passo uguale tra le spire con
le spire con sezione a forma di “V”.

› Negli WMRS a basso ingrandimento
si nota il passo uguale tra le spire
con le spire con sezione a forma di
“V”.

› Negli FCC® a basso ingrandimento
si nota che  il passo tra le spire dimi-
nuisce procedendo verso l’apice, ri-
sultando cosi cilindrico e con le spi-
re a sezione quadrata verso la por-
zione crestale e con sezione a forma
di “V” in zona apicale.

A maggiore ingrandimento le differenze
risultando ancora più evidenti.
› Nei Sab si ha una tipica macrorugo-

sità dovuta alla sabbiatura che deter-
mina una irregolare distribuzione
della porosità con profonde valli al-
ternate a picchi alti e taglienti.

› Negli WMRS si ha una microrugosi-
tà di superficie con cavità e “colline”
ben distribuite dovute all’azione della
sabbiatura e poi del trattamento aci-
do che attenua ed uniforma l’opera
della sabbiatura.

› Negli FCC® la microporosità di su-
perficie è più regolare dato che il
trattamento elettrochimico determi-
na una tipica morfologia con basse
valli e creste simili a “vulcani” poiché
presentano al loro interno dei fori
che ricordano appunto il camino vul-
canico (figg. 2-5).

DISCUSSIONE

Grande importanza in letteratura è data
alla stabilità primaria per il successo im-
plantare. Tale condizione è ottenuta me-

diante un adeguato studio del disegno
delle spire che coprono l’impianto, del
loro profilo e del loro passo nonché del-
la superficie che riveste la vite implanta-
re.
› Gli impianti Sab mostrano delle spi-

re arrotondate e regolari, che per-
mettono di dissipare adeguatamen-
te i carichi se posizionati nelle regio-
ni posteriori.

› Il disegno conico degli impianti
WMRS, con il passo regolare tra le
spire, permette una ottimale distri-
buzione dei carichi soprattutto nel-
l’osso mandibolare.

› Il disegno conico degli impianti

FCC®, in associazione alle spire con
passo variabile dalla porzione cre-
stale a quella apicale, e con diversa
sezione, permette di garantire una
ottimale dissipazione delle forze ma-
sticatorie ed occlusali e a livello api-
cale permette di garantire una ele-
vata stabilità primaria e quindi un
elevato BIC.

CONCLUSIONI

In questo studio sono stati analizzati gli
impianti con superficie FCC® sia a livel-
lo macro-strutturale che micro-struttu-
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rale. Risultano avere un disegno che
possa garantire una elevata capacità di
dissipazione delle forze masticatorie e
dei carichi occlusali. In particolare la
presenza della forma a V delle spire api-
cali permette una adeguata stabilità pri-
maria e determina una buona resistenza
dell’impianto durante l’inserimento in
cresta. Tutto questo grazie all’ampia su-
perficie di contatto determinata dal trat-
tamento elettrochimico.
Ulteriori studi in vivo potranno verificare
se l’utilizzo della superficie FCC® possa
avere successo nella pratica clinica per
permettere di ottenere una rapida e pre-
dicibile osteointegrazione e per ridurre il
periodo di guarigione post operatorio
del tessuto osseo intorno all’impianto.
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SCOPO
DEL LAVORO
Scopo del lavoro è stato quello
di valutare mediante analisi bio-
molecolare e di microscopia, la
capacità di cellule staminali,
prelevate da follicolo dentario
umano (hDPhSCs), di
differenziarsi in senso
osteogenico.

MATERIALI
E METODI
Dopo aver selezionato cellule
che hanno mostrato aspetti
fenotipici caratteristici della linea
osteoblastica, si è andati ad
analizzare in vitro il livello di
proliferazione di tali cellule
differenziate su scaffold
rappresentati dalle diverse
superfici mediante l’utilizzo del
SEM, dell’analisi citofluorimetrica
e della RT-PCR. La
comparazione della rugosità
delle diverse superfici impiegate
come scaffold è stata effettuata
mediante l’analisi profilometrica
al SEM.
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Valutazione
morfostrutturale
al SEM di cellule
staminali da follicolo
dentario su differenti
scaffold di titanio 

SEM morphostructural evaluation
of stem cells from dental follicle
on different titanium scaffold

RISULTATI
E DISCUSSIONE
Le colture di hDPhSCs a
contatto con superfici in titanio
hanno mostrato in vitro una
buona affinità dopo
differenziazione in senso
osteogenico con la presenza di
cellule osteoblastiche attive e
formazione di primi nuclei di
deposizione di matrice
extracellulare, mostrando una
maggiore affinità verso le
superfici in Titanio (FCC®). 

CONCLUSIONE
Il Ti nanostrutturato mediante
lavorazione FCC®, a parità di
timing, sembra svolgere una
buona funzione di scaffold per la
crescita cellulare rispetto al Ti
Machined. Si auspicano ulteriori
studi sulle cellule staminali
derivate da follicolo dentario in
grado di differenziarsi e
proliferare in maniera ottimale,
favorendo processi di
rigenerazione ossea ed
osteointegrazione. 

AIM OF THE WORK
The aim of this study was to
evaluate by molecular and
microscope analysis, the ability
of stem cells taken from human
dental follicle (hDPhSCs) to
differentiate into osteogenic
direction. 

MATERIALS
AND METHODS
After selecting the cells that
showed phenotypic characteristic
aspects of the osteoblastic cell
line, we in vitro investigated the
level of proliferation of these
cells differentiated scaffold,
represented by the various
surfaces by SEM, flow
cytometric analysis and RT-PCR.
The comparison of the
roughness of the different areas
used as scaffold was performed
by SEM profilometry analysis.

RESULTS
AND DISCUSSION 
The hDPhSCs cultures, in
contact with the titanium surface
showed a good affinity for
Titanium (FCC®) surfaces in

vitro: after the osteogenic
differentiation active osteoblastic
cells and formation of the first
nuclea of extracellular matrix
deposition could be found.

CONCLUSION
Nanostructured Titanium
surfaces through the FCC®

process seemed to be, within
the same timing, a better
scaffold for cellular growth than
Machined Titanium. Further
studies on the ability of dental
follicle derived stem cells to
differentiate and proliferate, in
order to help bone regeneraton
and osseointegration processes,
are required..
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adeguato all’estensione del lembo chi-
rurgico. Dopo che l’elemento dentario è
stato estratto, si è provveduto all’isola-
mento del materiale cellulare provenien-
te dal follicolo, subito conservato in una
provetta contenente una soluzione di
enzimi.
La digestione enzimatica delle cellule
del follicolo dentario è stata effettuata a
37°C per un’ora. Una volta avvenuta la
digestione, le cellule sono state filtrate
ed immesse in un terreno di coltura.

Preparazione
dei campioni biologici

La fissazione chimica per il SEM viene
eseguita con glutaraldeide. Successiva-
mente i campioni vengono inglobati in
blocchetti di resina per essere poi se-
zionati mediante microtomo.

Preparazione del terreno 
di differenziazione

La differenziazione in senso osteoge-
netico delle cellule prelevate dal follico-

RICERCA

INTRODUZIONE

e ricerche più com-
plesse in campo odon-
toiatrico sono, attual-
mente, quelle che ri-
guardano la branca
dell’implantologia e so-

no mirate alla realizzazione di dispositivi
impiantabili dentali, validi supporti per il
riposizionamento di elementi dentali
mancanti. Lo scopo principale è  di mi-
gliorare i materiali costitutivi, le tecniche
implantoprotesiche, le prestazioni mec-
caniche e i tempi di guarigione.
Oggi, la metodica sviluppata da Bråne-
mark rappresenta il punto di partenza di
ogni trattamento implantare. Le speri-
mentazioni attuali sui dispositivi impian-
tabili dentali, tuttavia, hanno come obiet-
tivo l’individuazione dell’optimum tra gli
impianti che renda più rapido il proces-
so di osteointegrazione e consenta,
quindi, il carico precoce.
Scopo del nostro lavoro è stato quello di
valutare mediante metodiche di analisi
bio-molecolare e di microscopia, la ca-
pacità di cellule staminali, prelevate da
follicolo dentario umano (hDPhSCs), di
differenziarsi in senso osteogenico. Si è
passati alla comparazione tra varie tipo-
logie superficiali utilizzando la profilo-
metria, una metodica che consente di
apprezzare anche le più piccole variazio-
ni presenti sulle superfici dei metalli.
Una volta che tali cellule hanno mostra-
to aspetti fenotipici caratteristici della li-
nea osteoblastica, si è andati ad analiz-
zare in vitro il livello di proliferazione di
tali cellule differenziate su scaffold rap-
presentati dalle diverse superfici.

MATERIALI E METODI

Sono stati selezionati individui sani, di
età compresa tra i 10 ed i 16 anni, per cui
erano stati programmati uno o più inter-
venti di germectomia del terzo molare
per motivi ortodontici. Tutti gli individui
hanno ricevuto adeguate informazioni
riguardo la partecipazione alla speri-
mentazione ed hanno fornito il loro con-
senso.
L’estrazione è stata eseguita previa ane-
stesia locale e sotto copertura antibioti-
ca. Si è proceduto all’incisione del lem-
bo ed allo scollamento muco-periostale,
successivamente si è disposta l’osteo-
tomia del tessuto circostante ed even-
tualmente soprastante il terzo molare in
modo da consentire la presa del dente e
la sua estrazione. Il sito chirurgico post-
estrattivo è stato sottoposto ad accura-
to management ed infine sono stati ap-
posti punti di sutura staccati in numero
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Fig. 1

lo dentale è stata ottenuta in accordo
con quanto già riportato in letteratura; si
è cioè utilizzato un terreno semplice
MEM (alpha modification of Eagle’s
Medium; Cod. M 8042, Sigma) al quale
sono stati aggiunti il 15% di Fetal Bovi-
ne Serum (Cod. 10270-106, Invitrogen),
l’1% di Penicillina/Streptomicina (Cod.
15140-12, Invitrogen), l’1% di L-Glutami-
ne (Cod. G 6392, Sigma), 50 µg/ml di 2-
phspho-L-ascorbic acid trisodium salt
(Cod. 49752, Fluka, Sigma), 3 mM di gli-
cerol-2-phophate disodium salt (Cod.
G9891, Sigma) e 10 nM desametasone
(G 6392, Sigma).

Preparazione dei campioni
sui dischi

Una volta che le cellule del secondo
passaggio hanno raggiunto la confluen-
za sono state divise in cinque gruppi: il
primo gruppo di cellule è stato posto su
un disco in rame da 10 mm con terreno
di coltura osteogenetico (controllo ne-
gativo); il secondo gruppo di cellule è
stato posto su un disco in Titanio ma-

L
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FIG. 2

osteo/odontogenico sono di origine
mesenchimale, così come quelle deri-
vanti dal midollo osseo (BMSCs).
L’eterogeneità delle cellule presenti al-
l’interno delle colture è stata verificata
mediante un’analisi citofluorimetrica al
FACS (fig. 2). 

Analisi al RT-PCR  di cellule
differenziate in medium
osteogenico di Owen

Dopo la selezione della popolazione, le
cellule hDPhSCs sono state caratteriz-
zate mediante tecniche di biologia mo-
lecolare, RT-PCR.
I dati dell’analisi hanno mostrato come
le colture esprimano livelli paragonabili
di fosfatasi alcalina (ALP), osteopontina,
osteocalcina, osteonectina, collagene di
tipo I e collagene di tipo VIII.
Dopo essere state selezionate median-
te FACS, le cellule sono state seminate
su piastre contenenti medium di cresci-
ta con l’aggiunta di fattori osteogenici.
Tali cellule in coltura con terreno di
Owen, tendono a costituire una popola-
zione prevalentemente di morfologia
poligonale e fusiforme con nuclei cen-
trali ben evidenti e numerose estensioni
citoplasmatiche; il citoscheletro appare
ben strutturato. Queste cellule tendono
a disporsi in un singolo strato (fig. 3). 

Analisi profilometrica 

È stata eseguita un’analisi profilometri-
ca delle superfici dei dischi test in Tita-
nio machined, sabbiato, FCC® ed
WMRS® e dischi controllo in Rame. 
L’analisi della superficie in Rame (con-
trollo negativo) ha evidenziato una su-
perficie regolare con presenza di stria-
ture e solchi che si vengono a creare al
momento della tornitura.
L’esame profilometrico dei dischi in tita-
nio Machined (controllo positivo) ha evi-
denziato immagini del tutto sovrapponi-
bili a quelle mostrate dal Rame, in quan-
to i dischi sono ottenuti mediante lo
stesso processo di lavorazione per tor-
nitura.
L’esame profilometrico dei dischi in tita-
nio Sabbiato (controllo positivo) ha fatto
risaltare una superficie con rugosità al-
tamente disomogenea con presenza di
elevazioni aguzze e profonde valli.
L’analisi profilometrica condotta sui di-
schi in titanio WMRS® sabbiato e mor-
denzato, ha mostrato una superficie
omogenea ed uniforme tipica, con una
moltitudine di depressioni ed elevazioni
smusse di piccole dimensioni.
L’analisi della superficie dei dischi di Ti-
tanio con superficie FCC® (controllo po-
sitivo) ha mostrato una superficie alta-

FIG. 3

chined da 10 mm in presenza di terreno
di coltura osteogenetico (controllo posi-
tivo); la terza popolazione cellulare è
stata posta su dischi da 10 mm che pre-
sentano una superficie WMRS® (test);
la quarta popolazione cellulare è stata
posta su dischi da 10 mm che presenta-
no una superficie Sab (test); la quinta
popolazione cellulare è stata posta su
dischi da 10 mm che presentano una su-
perficie FCC® (test).
Le cellule seminate sui dischi sono sta-
te incubate a 37°C in un’atmosfera con-
tenente il 5% di CO2 per 40 giorni, alla
fine dei quali sono state esaminate al
SEM. 

RISULTATI

Analisi al Microscopio
Elettronico a Scansione (SEM)
delle cellule follicolari prima
della confluenza

L’analisi al Microscopio Elettronico a
Scansione delle cellule derivate da folli-

colo dentario umano (HDPhSCs) ha
mostrato una popolazione eterogenea,
con presenza di cellule fusate, tondeg-
gianti e poligonali. All’interno di tale po-
polazione cellulare, alcune presentano
una morfostruttura simil-fibroblastica ti-
pica di elementi mesenchimali indiffe-
renziati (fig. 1). 

Analisi citofluorimetrica
di colture cellulari primarie
del follicolo dentale
indifferenziate

L’analisi fenotipica della popolazione di
cellule staminali è stata condotta a 15-
20 giorni dalla messa in coltura, utiliz-
zando anticorpi in grado di marcare
specificamente la linea ematopoietica
(CD34 e CD45), quella monocitica
(CD14 e CD15) e la linea mesenchimale
(CD29, CD90, CD146 e CD166). La
scelta di tali antigeni di superficie si è
basata sull’evidenza che le cellule sta-
minali del follicolo dentale umano
(hDPhSCs), che possono essere indot-
te al differenziamento in senso
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mente regolare con presenza di basse
valli e di creste a forma di “vulcani” poi-
ché presentano al loro interno dei fori
che ricordano il camino vulcanico (fig.
4). 
Le cellule derivate dal follicolo dentario
e sottoposte a proliferazione guidata
mediante medium osteogenico di Owen
sono state posizionate su scaffold costi-
tuite da dischi di dimensioni standard
(diametro 10 mm, altezza 5 mm) di: Tita-
nio Machined, Titanio WMRS®, Titanio
Sabbiato, Titanio FCC® e Rame (Cu++).
In primo luogo l’analisi è stata condotta
su una superficie in rame. Dalle immagi-
ni dal SEM della superficie controllo ne-
gativo non risultava evidente alcuna
presenza di cellularità.
Sullo scaffold test costituito da titanio
semplicemente machined è stato possi-
bile rilevare la presenza di rare cellule
che hanno aderito sul disco.
Sullo scaffold test costituito da titanio
sabbiato vi è la presenza di cellule ade-
renti alla superficie.
Sullo scaffold test del dischetto di tita-
nio FCC® vi è la presenza di un gran nu-
mero di cellule, con filopodi che si dira-
mano sulla superficie  indice di una atti-
va proliferazione e differenziazione.
Infine l’analisi al SEM degli scaffold in
Titanio WMRS®, allo stesso timing, ha
evidenziato una diffusa presenza di cel-
lule sull’intera superficie esaminata.

CONCLUSIONI

Lo scopo della nostra ricerca è stato
quello di valutare la proliferazione e l’af-
finità di cellule staminali  prelevate da
follicolo dentario poste a contatto con
diverse superfici. 
Abbiamo dimostrato in vitro che colture
di hDPhSCs a contatto con superfici in
titanio mostrano una buona affinità do-
po differenziazione in senso osteogeni-
co con la presenza di cellule osteobla-
stiche attive e formazione di primi nuclei
di deposizione di matrice extracellulare.
Dalle analisi effettuate è emerso come
tali cellule staminali abbiano mostrato
una maggiore affinità verso le superfici
in Titanio (FCC®). Nella nostra ricerca è
stato possibile valutare il grado di affini-
tà ed una presenza di cellule osteobla-
stiche maggiore rispetto ai dischi in Ti-
tanio Machined. Pertanto i dati emersi
sembrerebbero confermare come il Ti
nanostrutturato mediante lavorazione
FCC®, a parità di timing, possa svolgere
una ottima funzione di scaffold per la
crescita cellulare rispetto al Ti Machi-
ned.
Inoltre i risultati ottenuti sembrerebbero
incoraggiare lo sviluppo di ulteriori studi

FIG. 4

sulle cellule staminali derivate da folli-
colo dentario in grado di differenziarsi e
proliferare in maniera ottimale, favoren-
do processi di rigenerazione ossea ed
osteointegrazione. 
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SCOPO
DEL LAVORO
Lo  studio analizza gli effetti sul
tessuto osseo di due tecniche
osteotomiche, effettuate con lo
strumento piezoelettrico e con
gli strumenti rotanti.

MATERIALI
E METODI
Nel presente studio sono stati
inclusi 39 pazienti di età
compresa tra gli 11 e i 65 anni.
La scelta del tipo di trattamento
chirurgico per ciascun paziente
è stata randomizzata.
Su prelievi ottenuti da ciascun
gruppo di pazienti sono state
effettuate tre tipi di analisi:
analisi istologica, analisi
biologica, analisi biomolecolare.

RISULTATI
E CONCLUSIONE
La semplicità di esecuzione della
tecnica, la maggiore visibilità del
campo operatorio, il rispetto di
strutture sensibili, la massima
precisione nel taglio e il minimo
danno ai tessuti permettono una
riduzione del disagio del paziente
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Valutazione degli effetti
di differenti tecniche
osteotomiche
sul tessuto osseo

Evaluation of different osteotomy
tecniques on bone tissue

e una riduzione dei tempi di
guarigione. Tali considerazionii e i
risultati ottenuti suggeriscono che
lo strumento piezoelettrico,
rispetto a quello rotante, sia più
efficace e largamente indicato per
molteplici utilizzi nella chirurgia
oromaxillofacciale.

AIM OF THE WORK
The study analyzes the effects
on bone tissue of two different
osteotomy techniques, performed
with the piezoelectric instrument
and with rotary instruments.

MATERIALS
AND METHODS
In this study, 39 patients aged
between 11 and 65 years were
included. The choice of the
surgical treatment for each
patient was randomized.
On samples obtained from each
group three types of analysis
were carried out: histological
analysis, biological analysis, and
biomolecular analysis.

RESULTS
AND CONCLUSION
The technique resulted to be
easy to perform, it enabled a
better view of the surgical site,
the respect of sensitive
structures, the high cutting
precision and the minimal
damage to surrounding tissue
enable a reduction in patient’s
discomfort and healing times.
these considerations together
with the results obytained
suggest that the piezoelectric
instrument, sems to be more
effective and indicated for
several purposes in
oromaxillofacial surgery than the
rotary one. 
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INTRODUZIONE

a chirurgia con termi-
nale piezoelettrico è
stata ideata come ri-
sposta all’esigenza di
superare i limiti legati
all’uso degli strumenti

tradizionali in chirurgia ossea. Lo stru-
mento piezoelettrico Easy Surgery® del-
la BioSAFin è ampiamente utilizzato
nella chirurgia di tessuti ossei soprattut-
to quando la superficie ossea risulta es-
sere molto sottile e a contatto con strut-
ture nervose, vascolari o con la mem-
brana del seno mascellare (fig. 1). 
In chirurgia orale, lo strumento piezoe-
lettrico è utilizzato ampiamente nei rialzi
di seno mascellare, nell’espansione di
creste atrofiche, nella preparazione
preimplantare, nella distrazione ossea e
nel prelievo di osso. Numerose ricerche
sono state effettuate per valutare non
solo i vantaggi che questo strumento
può presentare dal punto di vista clinico,
ma anche l’influenza che esso può ave-
re sulla guarigione ossea in seguito ad
osteotomia. Tuttavia sono state esegui-
te soprattutto valutazioni istologiche ma
scarsi sono stati gli studi di tipo biomo-
lecolare.

L
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FIG. 2

FIG. 3

che necessitavano interventi di chi-
rurgia orale;

› per lo studio di biologia cellulare, 19
pazienti (10 uomini e 9 donne), di età
compresa tra gli 11 ed i 65 anni sele-
zionati presso lo stesso Dipartimen-
to, che necessitavano interventi di
chirurgia orale. 

I criteri di scelta sono stati: per le don-
ne la necessità di non essere in gravi-
danza, per tutti la necessità di essere in
buona salute ed assenza di patologie
sistemiche.
L’età media dei pazienti trattati con lo
strumento piezoelettrico si aggirava in-
torno ai 40 anni mentre il gruppo tratta-
to con strumenti rotanti presentava una
età media di  46,5 anni, differenza, que-
sta, risultata non statisticamente rile-
vante.
Nessuna caratteristica morfologica os-
sea era richiesta per la selezione dei
pazienti.

Il nostro studio si propone di valutare la
risposta ossea in seguito ad osteotomia
effettuata con frese rotanti o con termi-
nale piezoelettrico. L’influenza esercitata
sull’osso dall’una o dall’altra tecnica chi-
rurgica viene valutata attraverso: 
› uno studio istologico, allo scopo di

valutare, per mezzo di colorazioni
istologiche sopravitali, l'estensione
dell'area di necrosi lungo le linee
marginali di taglio;

› uno studio di biologia cellulare, che
si basa sull’osservazione della veloci-
tà di crescita degli osteoblasti prove-
nienti da biopsie prelevate con en-
trambe le tecniche;

› uno studio biomolecolare, attraverso
l'analisi della variazione dell’espres-
sione di marcatori molecolari di
osteoblasti quali l’osteoprotegerina
(OPG) e l’osteopontina (OPN).

L'OPG fa parte della famiglia dei recet-
tori delle Tumor Necrosis Factor il cui

ruolo è quello di inibire la differenziazio-
ne dei macrofagi in osteoclasti regolan-
do la funzione del riassorbimento os-
seo. L'OPN è una delle più abbondanti
proteine non collageniche del tessuto
osseo, appartiene al gruppo delle sialo-
proteine, è prodotta sia dagli osteobla-
sti che dagli osteoclasti e potrebbe ave-
re un ruolo nella regolazione della ma-
trice mineralizzata perché sembra esse-
re capace di promuovere l'adesione
delle cellule ossee alla superficie ossea.

MATERIALI E METODI

In questo studio sperimentale sono sta-
ti selezionati:
› per lo studio istologico, 20 pazienti

(10 uomini e 10 donne), di età com-
presa tra i 22 ed i 65 anni, seleziona-
ti presso il Dipartimento di Chirurgia
Orale del San Raffaele di Milano,
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Ai pazienti sono stati casualmente as-
segnati i trattamenti con terminale pie-
zoelettrico o con frese rotanti.
Le biopsie sono state effettuate attra-
verso l’utilizzo di frese rotanti o attraver-
so il terminale piezoelettrico. Le proce-
dure chirurgiche sono state effettuate
in anestesia locale. È stata effettuata
un’incisione muco-periostea con bisturi
convenzionale e si è successivamente
proceduto alla scheletrizzazione del sito
anatomico interessato. Quale che fosse
l’intervento da eseguirsi è stato preleva-
to un campione di tessuto osseo sia
con terminale piezoelettrico sia con

strumenti convenzionali. Dopo il prelie-
vo, i campioni sono stati posti in forma-
lina 10% per 3 giorni, trattati e successi-
vamente decalcificati e tagliati in fette
da 6 micrometri analizzate al microsco-
pio.
Per lo studio dell’espressione genica, le
biopsie sono state poste processate al
fine di selezionarne gli elementi cellula-
ri ed indurne la proliferazione. Indipen-
dentemente dalla rapidità di crescita,
ogni quindici giorni circa sono state so-
stituite le flask per evitare contamina-
zioni. Le cellule arrivate a confluenza
sono state staccate con tripsina e tra-

sferite in flask di crescenti dimensioni.
Una volta ottenuta una quantità suffi-
ciente di cellule, queste sono state stac-
cate attraverso un cell scraper e si è
proceduto all’estrazione dell’RNA. 4 µg
di RNA totale sono stati retrotrascritti
usando il kit Superscript First-Strand
Synthesis System per l'analisi RT-PCR
delle proteine OPG e OPN (fig. 2).

RISULTATI

Studio Istomorfometrico

Macroscopicamente l’osservazione dei
campioni ha mostrato che le linee
osteotomiche determinate dallo stru-
mento piezoelettrico erano meglio defi-
nite rispetto a quelle dello strumento ro-
tante. Nel primo caso con spessore 1,57
micrometri nel secondo caso 2,23 mi-
crometri (fig. 3).

Studio Cellulare

A livello di biologia cellulare, tenendo
conto del fatto che uno studio effettua-
to in vitro presenta inevitabilmente dei
limiti, possiamo affermare che i due tipi
di osteotomia non sembrano influenzare
significativamente la velocità di prolife-
razione degli osteoblasti. 
Analizzando le velocità di crescita è
emerso che il tempo medio di crescita
era di 14,1 giorni per la crescita cellulare
nei campioni ottenuti con lo strumento
piezoelettrico, con confluenza cellulare
a 17,9 giorni e di 14,7 giorni per la cresci-
ta cellulare per i campioni ottenuti con
strumenti rotanti e confluenza cellulare
a 22 giorni. Le differenze comunque
non sono statisticamente significative
p>0,05 (figg. 4, 5).

Studio Biomolecolare

L’induzione dell’RNA per OPG e OPN è
risultata essere estremamente variabile
e probabilmente condizionata dall'età
del paziente (fig. 6). 

DISCUSSIONE

Il vantaggio dello strumento piezoelettri-
co sta nel miglioramento della guarigio-
ne del tessuto osseo che vede ridotta o
eliminata l’infiammazione. L’unico limite
dello strumento piezoelettrico sembra
essere il suo utilizzo in regioni di diffici-
le accesso e nel taglio di osso compat-
to.
Le sezioni istologiche ottenute con lo
strumento piezoelettrico mostrano as-
senza di necrosi e normale vitalità del
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› strumento utilizzato: un intervento
meno invasivo e cruento determina
una migliore guarigione postopera-
toria, quindi lo strumento piezoelettri-
co è da considerarsi preferibile.

La valutazione critica dei risultati otte-
nuti, correlati alla semplicità di esecuzio-
ne della tecnica operatoria, alla maggio-
re visibilità del campo operatorio, al ri-
spetto di strutture sensibili quali vasi e
nervi, la massima precisione nel taglio, il
minimo danno ai tessuti che permette
una riduzione del disagio del paziente e
la sensibile riduzione dei tempi di guari-
gione, suggeriscono che lo strumento
piezoelettrico, rispetto a quello rotante,
sia più efficace e largamente indicato
per molteplici utilizzi nella chirurgia oro-
maxillofacciale.
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tessuto osseo, elemento probabilmente
dovuto alle microvibrazioni che causano
il minimo trauma.
La presenza di linee di necrosi nella zo-
na del taglio sembra comunque essere
fisiologica e dovuta al fatto che deter-
minate cellule sono state interessate
dal taglio stesso.
Si è notato che esiste una significativa
relazione tra l’età del paziente e la rige-
nerazione del tessuto osseo.
Dopo RT-PCR si è visto che l’espressio-
ne dei markers ossei tipici OPG e OPN
non era correlata alla tecnica operatoria
ma al genotipo del paziente; questo da-
to richiede una valutazione ulteriore.
In conclusione il processo di guarigione
dei tessuti e la rigenerazione ossea ri-
sulta essere correlata a due fattori prin-
cipali: 
› la risposta del soggetto all’interven-

to chirurgico;
› la tecnica utilizzata.
Il primo fattore è biologico e dipende
da:
› età e relativo numero di cellule sta-

minali disponibili per il processo di
guarigione; 

› efficienza della vascolarizzazione;
› eventuale tabagismo;
› presenza di microangiopatie;
› caratteristiche locali del tessuto del

sito del intervento. L’edentulia infatti
è un fattore che influenza sia il tes-
suto osseo che quello gengivale.

Il secondo fattore dipende da:
› esperienza e capacità del chirurgo;

32 MAGGIO 2011 XXII (5)SUPPLEMENTO

FIG. 6



502

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

20 1 1

ono stati considerati 409 pazienti
che nel periodo compreso tra mar-
zo 2006 e marzo 2010 si sono sot-
toposti a riabilitazione implanto-
protesica presso l’Unità Operativa

di Odontoiatria dell’I.R.C.C.S San Raffaele di
Milano. Complessivamente in questi pazienti
sono stati posizionati 1438 impianti Winsix®

tutti a superficie BioActive Covering SLA®.
Parte di questi pazienti (209), successiva-
mente al carico degli impianti, sono afferiti al
programma di mantenimento implantare atti-
vato presso il Centro di Igiene Orale e Pre-
venzione attivato presso la stessa U.O. di
Odontoiatria. Per ciascun paziente si è pro-
ceduto ad analizzare i livelli di esposizione ai
fattori di rischio noti per la malattia perim-
plantare (pregressa parodontite, scarsa igie-
ne orale, diabete, tabagismo, assunzione di
bevande alcoliche). Nei pazienti sottoposti a
mantenimento è stato possibile rilevare, per
ogni impianto, l’insieme dei parametri clinici e
tecnici atti a determinare lo stato di salute
del sito implantare (profondità di sondaggio,
sanguinamento al sondaggio, segni radio-
grafici di riassorbimento dell’osso di suppor-
to, mobilità).

ANALISI DEI DATI

Su 1438 impianti posizionati, 32 sono andati
incontro a fallimento, fermando al 2,4% l’inci-
denza di fallimento (fig. 1). In 6 casi il falli-
mento si è verificato in pazienti dediti al ta-
bagismo ed in altri 12 in pazienti con storia di
pregressa parodontite.  Restringendo l’anali-
si ai pazienti sottoposti a programma di man-
tenimento (209 pazienti e 682 impianti), l’in-
cidenza di fallimento scende all’1,6% (11 im-

S

Analisi retrospettiva a quattro
anni degli esiti di trattamento
implanto-protesico eseguiti
con sistematica Winsix®
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97,6%

2,4%

FALLITISUCCESSO

98,4%

1,6%

pianti falliti) (fig. 2). Il sondaggio in 6 punti di
questi siti implantari ha permesso di valutare
che solo il 15% di essi presentano PPD >
4mm (fig. 3). Inoltre, su 682 impianti in man-
tenimento, in 33 casi è presente perimplanti-
te, in 309 mucosite ed i restanti 340 siti so-
no in condizione di salute perimplantare (fig.
4). Analizzando infine i dati relativi ai valori
medi di indice di placca (PI) e di sanguina-

fig. 1
Incidenza di fallimento nell’intero
campione.

fig. 2
Incidenza di fallimento nei gruppo dei
pazienti in mantenimento.

fig. 1 fig. 2
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mento (BOP) secondo O’Leary, sono state
individuate sostanziali differenze tra i pazien-
ti in mantenimento che hanno sofferto falli-
mento implantare e non. I primi mostrano va-
lori medi di PI e BOP rispettivamente mag-
giori del 24,8% e del 9% (fig. 5). 

CONCLUSIONI

Il trattamento della malattia perimplantare
non è risolutivo nel caso in cui si manifesti in
forma di perimplantite. Inoltre, i tessuti pe-
rimplantari sono più suscettibili alla lesione
infiammatoria rispetto ai tessuti parodontali.
Sulla scorta di queste considerazioni appare
quindi evidente l’importanza di inserire i pa-
zienti riabilitati con implanto-protesi in un
programma di mantenimento che sia occa-
sione utile a prevenire ed intercettare tem-
pestivamente la comparsa di fenomeni  in-
fiammatori dei tessuti perimplantari e pari-
menti l’insorgenza di problematiche mecca-
niche localizzabili ai dispostivi implantari e/o
protesici. L’abbattimento del tasso di inciden-
za di fallimento osservato nell’ambito di que-
sto studio, benchè non siano stati indagati i
fenomeni microbiologici alla base di questo
risultato, può essere ritenuto probatorio del-
l’efficacia di un simile atteggiamento clinico.

SUPPLEMENTO DOCTOR OS 

2 © ARIESDUE
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fig. 3
PPD negli impianti sottoposti a
mantenimento.

fig. 4
Mucosite e perimplantite nel gruppo
dei pazienti in mantenimento.

fig. 5
Valori medi di PI e BOP tra i pazienti
in mantenimento andati incontro a
fallimento implantare e non.
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DALLA DIAGNOSTICA PER IMMAGINI
ALLA PROTESIZZAZIONE

L a riabilitazione del paziente totalmente eden-
tulo tramite protesi fissa implantosupportata 
presenta numerosi problemi riguardanti l’ap-

proccio chirurgico, la funzione e l’estetica. Ciò appare 
particolarmente evidente qualora il trattamento si pre-
senti particolarmente complesso a causa del grado 
di atrofia delle strutture ossee residue in relazione al 
tipo di chirurgia che verrà utilizzata, oppure ai proble-
mi psicologici che inevitabilmente si accompagnano 
al decadimento dell’estetica dei tessuti periorali che si 
modificano in modo drammatico nell’edentulo, influen-
zando quindi significativamente le aspettative riposte 
dal paziente nei confronti del trattamento riabilitativo.
Nell’affrontare casi di questa complessità è lo studio 
del caso, supportato dalle tecniche di diagnostica cli-
nica, strumentale, clinica strumentalmente assistita e 
per immagini dell’apparato stomatognatico che risul-

TEETH JUST ON SIX
Riabilitazione implantoprotesica

nei casi edentulia completa
un approccio diagnostico-terapeutico integrato

ta decisivo ai fini del raggiungimento di un risultato 
predicibile e soddisfacente.

OBIETTIVI DEL TRATTAMENTO
La pianificazione del trattamento, da un punto di vista 
teorico, presuppone l’impiego di tecniche e strumenti 
innovativi che abbiamo selezionato e integrato nel se-
guente approccio diagnostico e terapeutico. 
Il protocollo è variabile e modificabile a seconda delle 
esigenze del singolo paziente e trova la sua indicazione 
specifica nei casi di riabilitazione implantoprotesica più 
complessi, dove alla ricostruzione dento-alveolare 
dei mascellari completamente edentuli si accompagna 
un’evidente necessità di riabilitazione funzionale ed 
estetica che coinvolge il terzo inferiore e medio del vol-
to nelle sue proporzioni e nella sua armonia. (Fig. 1) e 
esistono ma anche mostrare il modo in cui trattarle.
L’obiettivo non è quindi limitato a garantire la stabilità 
della protesi sugli impianti, ma è rivolto alla ricerca di 

Fig. 1 Esempio di edentulia superiore con grave compromissione della funzionalità e dell’estetica. 
A destra, il risultato dopo l’intervento riabilitativo

FORZA DI GRAVITà

di M. Manacorda, R. Vinci
M. Pasi, E. F. Gherlone

Dipartimento di Odontoiatria (Dir. Prof. E. F. Gherlone)
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una restitutio ad integrum delle funzioni del cavo orale 
e dell’estetica del terzo inferiore del volto. 
In sintesi, gli argomenti che affrontiamo nello studio 
e nella programmazione del caso si riassumono nei 
seguenti passaggi:
1) definire, tramite i dati che riguardano la struttura speci-

fica del paziente, un percorso diagnostico individuale 
ed elaborare un modello virtuale nel quale identificare 
e simulare le soluzioni terapeutiche possibili

2) definire sistemi di coordinate che facciano convergere 
i dati comuni alle diverse metodiche di indagine, per 
consentire l’allestimento di un modello virtuale del pa-
ziente (Fig. 2) 

3) definire un sistema di coordinate che siano comuni al 
modello virtuale realizzato e al paziente

4) elaborare strumenti che consentano di simulare rever-
sibilmente nel paziente gli obiettivi annunciati

5) elaborare strumenti che consentano di trasferire i con-
tenuti programmati dal modello virtuale al paziente

LO STUDIO DEL CASO
Da un punto di vista pratico, gli strumenti e i passaggi 
operativi impiegati nel trattamento del paziente sono 
l’esame clinico obiettivo, la diagnostica strumentale 
dell’occlusione, la diagnostica per immagini dei tes-
suti intra ed extraorali, la diagnostica clinica strumen-
talmente assistita e la programmazione integrata del 
percorso riabilitativo.
Clinicamente, l’iter diagnostico passa attraverso le 
seguenti fasi:
1) rilievo delle impronte e montaggio dei modelli in 

articolatore a valori medi (Fig. 3) 
2) realizzazione di valli di registrazione occlusale di 

prova in resina con elementi radiopachi 
3) teleradiografia del cranio in proiezione laterale con 

i valli ed esame cefalometrico in 2D (Fig. 4) 

4) realizzazione della protesi provvisoria diagnostica 
5) valutazione strumentale e per immagini della con-

gruità del provvisorio diagnostico: RMN, assio-
grafia elettronica, fotografie diagnostiche, esame 
facciale e cefalometria delle parti molli 

6) costruzione della protesi radiopaca, copia identi-
ca della protesi provvisoria diagnostica, o prepa-
razione della protesi diagnostica per la TC 

7) TC del massiccio facciale con la protesi radiologi-
ca in situ 

Fig. 2 L’articolatore e il modello virtuale 3D: una volta 
definite le coordinate spaziali comuni le soluzioni 
proposte con un metodo diagnostico possono essere 
trasferite agli altri strumenti di indagine (A. Busato)

Fig. 3 L’articolatore con i valli diagnostici in resina 
che montano elementi dentari radiopachi. Uno studio 
cefalometrico in 2D sulla teleradiografia analizza i 
parametri del montaggio e ne conferma la correttezza 
dopo la prova nel cavo orale

Fig. 4 Teleradiografia con studio cefalometrico, la 
valutazione comprende importanti parametri proposti 
dal montaggio, quali il sostegno delle labbra, la 
dimensione verticale, l’inclinazione del piano occlusale e il 
conseguente rimodellamento del terzo inferiore del volto



506

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

20 1 1

249

8) progettazione dell’intervento chirurgico implanta-
re sul software dedicato all’implantologia 

9) trasformazione della dima radiologica in dima chi-
rurgica, o sua costruzione con tecnica CAD/CAM 

10) intervento chirurgico, generalmente effettuato con 
tecnica “flapless” per carico immediato degli impianti

11) montaggio della protesi passivizzata, se è pro-
grammata la protesizzazione immediata

DAI MODELLI STUDIO 
ALLA PROTESI DIAGNOSTICA

La raccolta di dati, ottenuti con tecniche di indagine molto 
diverse tra loro, rende necessaria la disponibilità di meto-
diche affidabili per la loro integrazione e il loro confronto.
Una delle necessità più evidenti riguarda la definizione di 
un sistema di coordinate comuni tra tecniche di imma-
gine come le radiografie e l’articolatore su cui vengono 
montati i modelli dell’arcata edentula.
Si tratta di definire un tramite semplice ed immediato tra 
la teleradiografia del cranio in proiezione latero-laterale e 
l’articolatore sul quale vengono realizzate le protesi totali. 
Questo si ottiene ponendo sulla cute del paziente tre re-
peri radiopachi: due in corrispondenza delle emergenze 
dell’asse cerniera e una in corrispondenza della proiezio-
ne cutanea sull’ala del naso del punto orbitale inferiore. 
Il piano asse-orbitario così definito permette di effettua-
re sulla radiografia latero-laterale un’analisi quantitativa 
di parametri quali la classe scheletrica di appartenenza, 
l’orientamento del piano occlusale, la posizione e l’incli-
nazione dell’incisivo inferiore rispetto al piano mandibo-

Fig. 5 I dati ottenuti sul tracciato cefalometrico, grazie 
alla coincidenza del piano asse-orbitario, sono trasferiti 
al montaggio in articolatore e guidano la costruzione 
della protesi diagnostica 

lare, la dimensione verticale totale, i rapporti del terzo 
inferiore del volto.
I dati, verificati e corretti, vengono trasferiti sull’articola-
tore, che grazie all’uso dell’arco facciale ha in comune 
con la telerediografia il piano asse-orbitario. I parametri 
del montaggio dei denti vengono quindi trasferiti al cavo 
orale tramite la protesi diagnostica. Questo sistema per-
mette inoltre un’analisi precisa degli effetti che il proget-
to riabilitativo determina sul sostegno delle parti molli e 
sulle relazioni funzionali e spaziali delle componenti dello 
scheletro facciale. (Fig. 5) 
In sintesi: i dati ottenuti dalle prove con i valli di registra-
zione in cera sono verificati grazie a specifici valli di prova 
in resina. Il controllo radiografico viene quindi effettuato 
sulla teleradiografia latero-laterale (Fig. 4) e l’esame fac-
ciale delle parti molli con l’esame obiettivo e le foto dia-
gnostiche. (Fig. 6)
Il passaggio successivo prevede la finalizzazione della 
protesi diagnostica che replica le caratteristiche dei 
valli diagnostici, con le opportune correzioni funzionali 
ed estetiche. Con la protesi diagnostica si è in grado di 
valutare in quale misura siano stati raggiunti gli obiettivi 
estetici e funzionali progettati.
Strumenti propri della diagnostica clinica strumentalmen-
te assistita (Assiografia Elettronica) e della diagnostica 
per immagini (RMN) si possono integrare in questa fase 
sia a scopo di pianificazione che per il monitoraggio fun-
zionale, in pazienti con conclamate disfunzioni articolari.
Le disarmonie del viso riscontrate nei pazienti eden-
tuli sono spesso drammaticamente evidenti all’esame 

Fig. 6 L’esame facciale sulle foto cliniche convalida il progetto 
protesico in fase diagnostica sia da un punto di vista soggettivo, 
sia in modo oggettivo, in quanto utilizza “indici facciali” considerati 
corretti per ottenere un risultato estetico proporzionato (G. W. Arnett).

clinico a causa di un decadimento dell’estetica del 
terzo medio ed inferiore del volto molto marcato. 
La correzione del dismorfismo facciale affidata al senso 
estetico e alla sensibilità degli operatori è molto utile, ma 
si ritiene più valido l’impiego di un metodo che fornisca 
elementi di misurazione oggettivi delle strutture anatomi-
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che, quale l’analisi cefalometrica delle parti molli (ACTM) 
proposta da Arnett e Mc Laughlin. (Fig. 7)

LA TC E LA SUA ELABORAZIONE 
CON SOFTWARE DEDICATI

Terminata la fase di test della protesi diagnostica e 
confermata la sua validità, si costruisce una copia 
esatta della protesi in materiale radiopaco: la dima 
radiologica. Con la dima il paziente effettua l’esame 
tomografico che può essere una TC o una CBTC, nel 
secondo caso con notevole risparmio di esposizione 
ai Raggi X.
Nuovi software e tecniche di sovrapposizione digitale 
delle immagini scansionate evitano oggi di costruire 
una replica radiopaca della protesi diagnostica. Utiliz-
zando la tecnica “double scan” il paziente può effet-
tuare l’esame direttamente con la protesi diagnostica 
inserita, con notevole risparmio di tempo e di ulteriori 
fasi di laboratorio. Inoltre, evitando la costruzione di 
un nuovo manufatto, diminuiscono eventuali errori di 

posizione e difetti di scansione dovuti allo scattering 
del materiale bariato radiopaco. La protesi diagnosti-
ca viene in questo caso fornita di reperi radiopachi 
che permettono la creazione di un secondo siste-
ma di coordinate spaziali comuni sia al paziente che 
alla ricostruzione tridimensionale delle immagini TC.  
(Figg. 8, 9) 
Il software permette all’implantologo di pianificare l’in-
tervento chirurgico e di effettuarlo in modo virtuale: 
localizzazione, numero e dimensioni delle fixture ven-
gono selezionate e quindi posizionate nelle sedi pre-
scelte. In seguito è possibile visualizzare gli abutment 
e verificarne i rapporti con la protesi diagnostica.
Nel contempo il programma di Computer Aided 
Implantology memorizza le coordinate spaziali degli 
impianti e trasferisce i dati ad un fresatore da labo-
ratorio che replica il progetto dell’intervento virtuale 
al modello di lavoro in articolatore. Questa tecnica, 
impiegata da molte sistematiche oggi in commercio, 
è definita Model Based.

B
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Fig. 7 L’esame cefalometrico delle parti molli (ACTM secondo G.W. 
Arnett) permette di avere un riscontro quantitativo delle variazioni 
nell’equilibrio del viso. Introducendo i valori dell’esame facciale 
ottenuti portando la protesi diagnostica si è in grado di misurare i 
parametri relativi all’armonia facciale. In pratica si può quantificare 
oggettivamente un inestetismo facciale misurandone le componenti e 
identificandone le cause anatomiche. Con questo studio si è in grado 
di valutare oggettivamente il miglioramento ottenuto sull’estetica 
facciale, grazie alla protesi diagnostica.
è possibile cioè, grazie alla ACTM, apportare modifiche all’estetica 
del viso ricercando parametri numerici e angolari considerati 
normali. Affetti spesso da un grave decadimento dell’estetica 
indotto dall’edentulia, i pazienti sono in grado di apprezzare il 
notevole miglioramento del loro aspetto già dalla fase progettuale 
dell’intervento ricostruttivo. 
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Fig. 8 Immagine della ricostruzione 3D della TC 
con la protesi diagnostica inserita effettuata con 
tecnica “double scan”. Si notino i corretti rapporti 
interarcata.
La scelta e il posizionamento degli impianti tengono 
conto non solo della disponibilità ossea residua, ma 
anche del montaggio programmato degli elementi 
dentari e del tipo di ricostruzione protesica prescelta

Fig. 9 Immagine 3D delle arcate edentule ottenute dalla 
TC. Da queste ricostruzioni appare evidente come l’atrofia 
alveolare comporti importanti alterazioni della morfologia 
scheletrica dell’edentulo e dei rapporti intermascellari.
Una quantificazione del dismorfismo nel progetto 
ricostruttivo rende spesso evidente la necessità di una 
sostituzione protesica della porzione alveolare atrofica o di 
un intervento chirurgico additivo rigenerativo
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Nel caso invece di software di Imaging 3D come il 
Simplant di Materialise, i dati del progetto vengono 
inviati a un centro specializzato in stereo litografia, 
dove viene costruita una guida chirurgica chiamata 
Surgiguide, il cui compito è quello di guidare le frese 
nelle sedi programmate dall’operatore sul software. 
È possibile inoltre costruire repliche stereolitografiche 
del modello anatomico con gli analoghi e gli abut-
ment già inseriti, per la costruzione di un provvisorio 
immediato (Immediate Smile®, Materialise).
La protesi diagnostica ad appoggio mucoso viene 
quindi replicata in stereolitografia per essere impie-
gata come dima chirurgica, necessaria per inserire 
gli impianti nel cavo orale esattamente nelle posizioni 
programmate, grazie all’impiego di cilindri-guida e ri-
duttori per adattare le frese di diverso diametro.
Ad oggi la sistematica di programmazione prechirur-
gica con tecnica Model Baseo di Imaging 3D e il suo 
impiego per la costruzione di guide chirurgiche ha un 
follow up di oltre vent’anni e con la sua continua evo-
luzione ha dato risultati confortanti anche in termini di 
affidabilità e precisione. Studi pubblicati da Benjamin 
e Sarment e poi da Valente riportano il buon grado di 
precisione della metodica nel trasferire i dati informa-
tici alla sala operatoria.
Il grado di affidabilità del sistema è mediamente co-
stante e il margine di errore si attesta su 4,5 gradi in 
termini di discrepanza angolare sull’asse lungo degli 
impianti e di circa un millimetro misurando il centro 
della parte coronale dell’impianto virtuale e il centro 
dell’osteotomia in vivo (Sarment 2003).

PIANIFICAZIONE IMPLANTARE 
PROTESICAMENTE 

E FUNZIONALMENTE GUIDATA
I software dedicati all’implantologia guidata sono 
un’evoluzione del primo Denta Scan e fondamental-
mente permettono di interagire con i dati Rx sia sulla 
componente 2D che sulla loro ricostruzione tridimen-

sionale. Siamo in grado di effettuare misurazioni, se-
lezionare visioni di tessuti specifici, ottenere immagini 
di endoscopia virtuale, calcolare la densità ossea pe-
rimplantare e soprattutto posizionare virtualmente gli 
impianti seguendo le indicazioni fornite dalla protesi 
scansionata. In sintesi, possiamo ottenere una pia-
nificazione chirurgica realmente guidata dal progetto 
protesico.
Un’ulteriore opportunità dell’elaborazione dei dati TC 
riguarda la possibilità di sovrapporre fotografie del pa-
ziente all’elaborato 3D della cute. Con questa applica-
zione possiamo riprodurre l’aspetto estetico del volto 
ottenuto con il progetto implantoprotesico e misurarne 
nel dettaglio le diverse componenti. Un approccio dia-
gnostico-terapeutico che si avvalga di un cefalometria 
3D realizzata sulle immagini tomografiche, denomina-
to Total Face Approach® è in corso di validazione e ap-
profondimento con uno studio multicentrico dei dottori 
T. Testori e G. Perrotti (Como).
L’importanza di un approccio globale alla diagnostica 
3D è di facile comprensione, basti pensare al suo po-
tenziale impiego in chirurgia ortognatodontica o nella 
pianificazione di interventi di chirurgia maxillo-facciale. 
Nell’ambito implantoprotesico, uno studio cefalometri-
co basato sull’esame delle immagini 3D può facilmen-
te sostituire l’analisi bidimensionale delle precedenti 
metodiche di indagine e permette di riunire in un unico 
esame i dati confluenti da precedenti tecniche stru-
mentali e di imaging scisse tra loro. 
Nella figura 10 si vede la ricostruzione 3D dei tessuti 
molli ottenuta elaborando i dati Dicom della TC me-
diante il software Simplant 13 (Materialise) e, accanto, 
l’immagine tridimensionale del volto del paziente ot-
tenuta con la sovrapposizione di una foto frontale sul 
3D tomografico, reso possibile con l’impiego del mo-
dulo OMS dello stesso programma. In corso di studio 
è l’applicazione della fotogrammetria 3D che permet-
terebbe di visualizzare effetti di morphing facciale sulle 
correzioni operate dal progetto chirurgico e protesico. 

Fig. 10 Immagine di una foto frontale del paziente in “matching” sulla ricostruzione tridimensionale dei tessuti 
molli della TAC. Ad ulteriore verifica, anche in 3D, della validità funzionale ed estetica della terapia ricostruttiva 
proposta mediante la protesizzazione diagnostica.
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Paziente donna di 75 anni, in buona salute, necessita 
di bonifica all’arcata superiore a causa delle condizioni 
ormai irrecuperabili degli elementi dentari naturali, già 
pilastri di una protesi fissa. L’arcata protesica non è più 
stabile a causa delle gravi recessioni ossee da parodon-
topatia dei pilastri e fratture radicolari (Fig. 11). Dopo la 
bonifica e la protesizzazione immediata mediante pro-
tesi totale, si eseguono le valutazioni per la costruzione 
di una protesi diagnostica che soddisfi i criteri estetici e 
funzionali come descritto nei paragrafi precedenti. Inol-
tre la paziente desidera un miglioramento estetico che 
corregga la grave seconda classe dentale, il deep bite e 
l’overjet del gruppo frontale, oltre all’aspetto senescen-

te dei denti dell’arcata superiore. Lo scopo della protesi 
diagnostica è quindi quello di verificare la congruità del 
progetto protesico pianificato prima dell’inserimento 
delle fixture, che a loro volta saranno guidate protesi-
camente. Con la prova del montaggio diagnostico si 
testano i risultati estetico-funzionali apportati con le 
modifiche occlusali.
Completata la protesi diagnostica, si procede con l’esa-
me tomografico in doppia scansione che viene esegui-
to con la protesi in situ munita di reperi radiopachi (Fig. 
12). Per lo studio e l’elaborazione delle immagini assiali, 
ottenute in questo caso con una TAC spirale 16 strati, è 
stato impiegato il software Simplant 13® (Materialise). 

Fig. 11 aspetto della paziente 
prima della bonifica e 
panoramica del mascellare 
estratta dalla elaborazione dei 
dati TAC: è già possibile una 
programmazione di massima 
degli impianti da utilizzare.

Fig. 12 Il mascellare edentulo 
nella visione pseudo panoramica 
della TC. Le informazioni inerenti 
l’ampiezza ossea residua sono 
bidimensionali e statiche, 
inoltre mancano le indicazioni 
sullo spessore osseo e non si 
evincono dati sull’inclinazione 
degli impianti, né i loro futuri 
rapporti con la protesi progettata
 

Fig. 13 Proiezione 
assiale e cross-section 
con progettazione del 
posizionamento degli impianti. 
Si notino 
gli alveoli delle recenti 
estrazioni e il progetto 
chirurgico per l’inserimento di 
sei impianti Winsix 3.8x13 k 
postestrattivi differiti.

RICOSTRUZIONE DENTOALVEOLARE “TEETH JUST ON SIX” MAXILLARE GUIDATA

CASO CLINICO

L’utilità nell’impiego in studio dei software per la gestio-
ne delle immagini TC risiede nella possibilità di analiz-
zare, oltre alle normali proiezioni assiali native, anche 
immagini tridimensionali ricreate dal programma par-
tendo da tutte le scansioni. Si può quindi interagire con 
le immagini in 3D e lavorare su sezioni diverse compre-
se nel volume indagato.

Si possono visualizzare immagini simil-panoramiche, 
sezioni sagittali, cross-section ortogonali alla curva 
panoramica oltre alle proiezioni assiali native, l’anato-
mia topografica viene studiata in ogni sito impiantare 
prescelto per l’inserimento degli impianti. Lo studio 
dell’anatomia chirurgica risulta dunque estremamente 
chiaro e intuitivo. (Fig. 13)

PROGETTAZIONE IMPLANTARE VIRTUALE IN 3D
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La fase successiva prevede il posizionamento degli 
impianti, scelti dalla libreria del software, nelle sedi più 
idonee. Lunghezza e diametro delle fixture sono de-
cise valutando il volume osseo residuo, ma anche la 
qualità ossea misurata dal software in base alla scala 
Hounsfield della zona da impiantare. A posizionamen-
to avvenuto si applicano gli abutment, presenti nella 
libreria del programma per ogni sistematica di impianti, 
valutando l’emergenza, lo spessore mucoso e soprat-
tutto il rapporto ottenuto tra gli impianti e gli elementi 
di protesi previsti per il manufatto definitivo. Si ottiene 
così una grafica precisa e attendibile della struttura im-
plantare e protesica. In seguito si possono apportare 
modifiche nel posizionamento delle fixture per rende-
re più semplice la connessione tra impianti e protesi 
programmata, compatibilmente con le basi ossee resi-
due ma anche nel rispetto dei carichi occlusali previsti, 
dell’estensione del cantilever e dell’estetica.
Nel caso descritto è evidente (Fig. 14) come l’asse di 
inserzione degli impianti debba essere necessaria-
mente vestibolarizzato al fine di sfruttare al massimo 
chirurgicamente la cresta ossea residua. 
Un tentativo di ridurre l’overjet degli impianti si scon-
trerebbe con la regola fondamentale di sfruttare il più 
possibile le basi ossee come sedi per gli impianti, sa-

crificando la lunghezza e il diametro delle fixture. In 
questo caso inoltre ci si troverebbe di fronte ad aree 
crestali ossee ancora non riparate in conseguenza 
delle recenti estrazioni. A rendere ancora più com-
plesso il problema, va ricordata la necessità di correg-
gere la seconda classe dentale della paziente, propo-
sta come obiettivo primario della riabilitazione. Come 
è possibile notare nella figura 14, vi sono discrepanze 
angolari fino a 35° nella zona degli incisivi centrali.
È a questo livello che le esigenze del chirurgo, del pro-
tesista e del tecnico in laboratorio devono interfacciar-
si per ottenere un progetto realmente interdisciplinare 
e volto alla risoluzione delle difficoltà realizzative già in 
fase prechirurgica.
Si è così deciso di programmare una ricostruzione 
protesica tipo “Toronto”, avvitata grazie alla possibilità 
di utilizzare abutment di connessione che compen-
sino discrepanze anche notevoli tra l’asse maggiore 
delle fixture e l’asse di avvitamento della sovrastruttu-
ra (Extreme Abutment, Winsix).
Una volta definita la progettazione si salva il file con-
tenente le coordinate spaziali degli impianti in modo 
che sia non più modificabile e lo si invia al laboratorio 
di stereolitografia per la costruzione della dima chirur-
gica, schematizzata nella figura 15.

Fig. 14 Cross-section di due elementi prima della bonifica, pilastri di protesi da sostituire con due impianti. Si 
noti l’angolazione sfavorevole tra l’asse maggiore degli impianti e l’inclinazione dei denti della protesi pianificata 
con un mock-up radiopaco 

Fig. 15 Immagini in 3D del progetto di sei impianti e i rapporti con la protesi progettata. è evidente la difficoltà 
nella scelta di connessioni protesiche che garantiscano l’estetica della porzione vestibolare della nuova arcata 
avvitata tipo “Toronto bridge”. Nell’immagina di sinistra, una preview della dima chirurgica che viene realizzata per 
l’intervento chirurgico guidato
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Quando si riceve la dima chirurgica, copia identica 
della diagnostica, si può passare alla fase chirurgi-
ca che prevede la disinfezione a freddo della dima 
e la preparazione dei riduttori di calibro dei cilindri-
guida e delle frese necessarie.
Le frese alesano i siti implantari attraversando pri-
ma il cilindro guida dotato del riduttore idoneo al 
loro diametro e poi la mucosa gengivale prima di 
eseguire l’osteotomia. (Fig. 16a)
La profondità di lavoro della fresa deve quindi com-
prendere la lunghezza del cilindro, solitamente di 
5 mm, e lo spessore della mucosa misurato pre-
cedentemente sulla cross-section corrispondente 
della TC, oltre alla lunghezza dell’impianto.
Apposite frese da 28 mm sono a disposizione per 
impianti di maggiore lunghezza.
Normalmente la profondità di lavoro viene raggiunta 
mediante la scala millimetrica contrassegnata sulle 
frese, ma è anche possibile utilizzare frese dedicate 
all’implantologia guidata, dotate di stop di profondi-
tà applicabili agli steli delle frese. Questo sistema, 
denominato “Safe System”, permette al chirurgo di 
non doversi occupare della profondità di lavoro du-
rante l’alesatura dell’osso, in quanto lo stop garan-
tisce una fedeltà di perforazione che replica quella 

del progetto realizzato sul software.
Solitamente l’intervento si compie in anestesia lo-
co-regionale e non necessita di ribaltamento del 
lembo muco periostale.
Nel caso fosse necessaria una stabilizzazione del-
la dima, come nel caso di arcate mandibolari con 
carente cresta alveolare residua, la guida chirurgica 
può essere fissata nel cavo orale mediante “pin” di 
fissazione alla cresta alveolare.
Questa tecnica impedisce tuttavia di poter rimuo-
vere la dima con facilità durante l’intervento qualora 
fosse necessario per controllare, ad esempio, i ne-
oalveoli prima di inserire gli impianti.
L’inserimento delle fixture avviene attraverso i 
cilindri-guida e facilitato da appositi mounter 
con indicatori di profondità che permettono di 
fermare l’avvitamento una volta che l’impianto 
abbia raggiunto la cresta ossea, non visibile a 
cielo coperto. (Fig. 16b)
L’intervento termina con l’avvitamento di viti di gua-
rigione e senza la necessità di suturare. (Fig.17)
Generalmente i postumi dell’intervento sono limitati 
a un lieve e transitorio dolore comparabile a quello 
che si presenta dopo una opercolectomia. Rarissi-
mi sanguinamento e edema postoperatorio.

Fig. 16a La protesi diagnostica 
replicata in stereolitografia e 
fornita di sei cilindri-guida per 
l’inserimento degli impianti 
per via trans mucosa. La dima 
chirurgica garantisce una 
posizione stabile e precisa 
grazie alla fedele riproduzione 
ottenuta con la tecnica della 
doppia scansione.

Fig. 16b La sequenza 
di fresaggio è assistita 
da riduttori del diametro 
dei cilindri guida che evitano 
lo sbandieramento delle frese.  
La componentistica fa parte  
del sistema Universal 
Surgiguide System 
di Materialise, mentre le 
frese sono quelle standard 
della sistematica Winsix per 
l’implantologia guidata.

L’INTERVENTO CHIRURGICO FLAPLESS GUIDATO

Fig. 17 le viti di guarigione 
e il modello master pronti 
per la costruzione 
e il montaggio della protesi.
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Oggi in implantoprotesi le strutture denominate “To-
ronto Bridge” si propongono come valida alternativa 
alle soluzioni più tradizionali di ricostruzione protesica. 
L’efficacia e la validità della componentistica protesica 
attualmente disponibile diventano fondamentali per la 
corretta costruzione di manufatti da un punto di vista 
meccanico, funzionale ed estetico.
Agli albori dell’implantologia il motto era restitutio 
ad usum ma non ad integrum: attualmente, inve-
ce, l’armonia estetica e le proporzioni tra bianco e 
rosa sono fondamentali per il benessere dei nostri 
pazienti sotto un profilo non soltanto funzionale, ma 
anche psicologico.
Le fasi operative di laboratorio nascono da un mock-
up in cera per una prima verifica occlusale ed esteti-
ca, confezionato sul modello master. L’Odontotecnico 
seleziona poi il materiale da rivestimento, secondo le 
precise indicazioni dell’Odontoiatra, al fine di ottimiz-
zare i parametri estetici del cavo orale. 
In Laboratorio, con l’ausilio di mascherine in silicone 
vengono controllati spazi e volumi a disposizione, 

per la scelta mirata degli abutment di sostegno. Lo 
scopo è semplificare le fasi di lavoro al banco per 
procedere ai successivi e complessi passaggi di 
costruzione del manufatto. 
Nel caso clinico illustrato, una linea protesica ap-
positamente studiata (Winsix EA-Extreme Abut-
ment) per l’avvitamento risolve il problema degli 
assi degli impianti e delle rispettive viti protesiche 
di fissaggio che risultavano disparalleli e vestibola-
rizzati. (Figg. 18, 19)
L’inclinazione sfavorevole per la realizzazione del 
manufatto porterebbe i fori di avvitamento sulle 
superfici vestibolari, ma i monconi angolati con-
sentono una soluzione efficace sia per stabilità di 
avvitamento che per estetica. (Fig. 20) 
Dopo aver preparato con estrema cura dei parti-
colari morfologici e cromatici una gengiva in resina 
morbida sfilabile, si selezionano tre monconi EA 
angolati a 20° e altri tre monconi EA angolati a 30°, 
da avvitare in posizione sul modello nei rispettivi 
analoghi degli impianti. (Fig.21)

TORONTO BRIDGE

Fig. 20 I componenti protesici 
Winsix scelti per la costruzione 
del manufatto protesico Teeth 
Just On Six 

Fig. 21 I monconi angolati a 
20° e 30° (Winsix) posizionati e 
correttamente accoppiati sugli 
analoghi da laboratorio. Notare 
l’importanza della gengiva in resina 
sfilabile per una verifica veloce 
e affidabile dell’avvitamento dei 
componenti sugli analoghi e per il 
controllo dei reali margini gengivali. 
 

Figg. 18 e 19 Il modello master 
conferma l’inclinazione sfavorevole 
delle viti di fissaggio. Il disparallelismo 
tra i monconi, previsto nel progetto 
sul software Simplant, viene 
compensato con i monconi angolati 
Extreme Abutment

18 19
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Quindi si accoppiano i monconi conici lisci fino ad 
ottenere un corretto asse di inserzione della strut-
tura di supporto. (Figg. 22, 23)
I monconi conici vengono modificati e sezionati; 
tramite una modellazione in cera, si ottiene il design 
della struttura morfologicamente congrua a sup-
portare il rivestimento estetico, che viene ulterior-
mente verificata con il controllo della mascherina 
siliconica. (Fig. 24)
La struttura in cera viene fusa in lega Co Cr Mo 
(Bredent), viene poi fissata sui monconi conici pre-
ventivamente sabbiati con biossido di alluminio (250 
micron) mediante cemento composito da fissaggio 

anaerobico (Nimetic Cem 3M ESPE). 
Nell’ultima fase di lavoro si procede all’incollaggio 
delle faccette in composito (Bredent) con il com-
posito per fissaggio combo lign (Bredent) sulla su-
perficie metallica sabbiata, trattata con silano pen 
(Bredent) e pennellata con primer adesivo. 
Tutto viene sigillato, rifinito e lucidato nelle zone 
cervicali e interprossimali degli elementi coronali 
con masse dentin e incisal crea lign (Bredent).
La costruzione della gengiva in composito per il ri-
pristino dei tessuti molli viene realizzata con masse 
gum crea lign (Bredent), ideale per valorizzare il ri-
sultato finale. (Fig. 25) 

Fig. 22 e 23 I monconi angolati e i monconi ritentivi Extreme Abutment (Winsix), pronti per essere inglobati nella struttura 
portante con la modellazione in cera 

Fig. 24 Il modellato in 
cera completato e pronto 
per la fusione rispetta 
un design della struttura 
anatomicamente congruo 
per alloggiare correttamente
le faccette.

Fig. 25 L’importanza della cura dei dettagli, 
del colore, della forma e delle proporzion porta 
ad un risultato caratterizzato da una grande 
armonia estetica, anche in implantoprotesi 
dove alla protesi dentaria spesso si aggiunge
la ricostruzione alveolare.
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Curare anche il minimo dettaglio è fondamentale per 
garantire il successo finale, arrivando a soddisfare le 
aspettative della paziente. 
Deve essere ricordato come la sinergia fra Odontoia-
tra e Odontotecnico e, in casi complessi come quello 
descritto, l’intesa professionale di tutto il team risulta-

no essenziali per il corretto svolgimento delle proce-
dure pianificate. La ricerca di materiali all’avanguardia 
e di tecniche sempre più precise e affidabili, oltre alla 
meticolosa applicazione dei protocolli di lavoro per-
mettono di ottenere risultati sempre più predicibili ed 
esteticamente soddisfacenti. (Figg. 26-28) 

Fig. 28 Controllo radiografico
a protesizzazione completata

Fig. 26 e 27 La protesi finita 
avvitata sugli abutment 
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Gli ultrasuoni sono utilizzati da decenni in 
medicina, sia in campo diagnostico sia in 
campo terapeutico. L’esempio paradig-

matico di tale impiego è rappresentato dell’eco-
grafia che, basandosi sul principio dell’emissione 
di eco e della trasmissione delle onde sonore, 
viene oggi utilizzata routinariamente in ambito ra-
diologico, internistico e chirurgico. Con modalità 
curative essi sono impiegati per la litotripsia sia 
in urologia che in otorinolaringoiatria ed inoltre in 
neurochirurgia, ortopedia, dermatologia ed ocu-
listica.
Già nel 1975 Horton pubblicava uno studio per 
valutare la guarigione di difetti ossei prodotti con 
strumenti ultrasonici e negli anni successivi, sono 
apparse altre sporadiche pubblicazioni su questo 
argomento. Il vero fiorire del numero degli articoli 
si registra nell’ultimo decennio, successivamente 
alle prime pubblicazioni di Vercellotti, dal 2000 in 
poi, nelle quali è stato introdotto a tutti gli effetti 
uno strumentario chirurgico dedicato alla chirur-

Tecniche chirurgiche 
piezoeleTTriche

in implantologia

gia piezoelettrica. Con questa tecnologia gli ultra-
suoni vengono generati applicando una differen-
za di potenziale che attraversa particolari cristalli 
che presentano la proprietà fisica di espandersi e 
contrarsi se attraversati da una corrente elettrica 
(effetto piezoelettrico inverso).
La frequenza di vibrazione utilizzata è di 25-29 
kHz perché le vibrazioni prodotte, 60-210 micro-
metri, mostrano efficacia di taglio soltanto con i 
tessuti mineralizzati; per tagliare anche i tessuti 
molli le frequenze di lavoro devono superare i 50 
kHz. Le caratteristiche del taglio piezoelettrico 
possono essere così sintetizzate. Le microvibra-
zioni sviluppate dall’apparecchio piezoelettrico 
si trovano in un intervallo compreso tra 27.000 
e 29.500 Hz; l’ampiezza della vibrazione, sia sul 
piano orizzontale (60/200 μm) sia sul piano ver-
ticale (20/60 μm), varia in rapporto alla forma e 
al tipo di inserto. Grazie alla presenza della solu-
zione fisiologica necessaria per il raffreddamento, 
si produce il fenomeno fisico della cavitazione, 
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caratterizzato dalla formazione di bolle di vapore 
a bassissima pressione che, implodendo, hanno 
un’azione meccanica di pulizia e rendono il cam-
po operatorio esangue. L’alternarsi di vibrazione 
con lunghezze d’onda diverse permette di man-
tenere gli inserti utilizzati costantemente puliti dai 
detriti ossei, garantendo una costante efficacia di 
taglio (hammering action). Le peculiarità appena 
descritte hanno importanti risvolti clinici. Il taglio 
è selettivo, preciso e sicuro perché limitato ai 
tessuti duri: è oggi possibile operare con mag-
giore sicurezza aree anatomiche ad alto rischio 
di lesioni iatrogene potenzialmente gravi/fatali, 
come il sistema nervoso centrale, le aree limitrofe 
al fascio carotideo, etc… Il taglio è micrometrico, 
quindi ben controllabile ed il sito è esangue grazie 
all’effetto cavitazione. Gli studi istomorfometrici 
eseguiti suggeriscono come la qualità dell’oste-
otomia piezoelettrica sia migliore se comparata 
a quella eseguita con strumenti rotanti, in termini 
sia di precisione sia di rispetto delle strutture os-
see. Sezioni istologiche di biopsie eseguite suc-
cessivamente a procedure chirurgiche effettuate 
con il terminale piezoelettrico testimoniano una 
maggiore crescita ossea rispetto a quella riscon-
trata in seguito all’utilizzo di frese rotanti. Que-
sto è probabilmente dovuto alla presenza di una 
minor percentuale di necrosi evidenziabile sulla 
linea osteotomica. Allo stesso modo la biologia 
molecolare evidenzia, nel confronto fra tecniche 
piezoelettriche e tecniche tradizionali, un maggior 
rispetto dell’osso prelevato con le prime rispet-
to alle seconde. Si osserva una miglior risposta 
ossea anche in termini di rigenerazione, come 
emerso in studi che hanno valutato i livelli di rias-
sorbimento e rigenerazione ossea dopo chirurgia 
resettiva effettuata con entrambe le metodiche. 
Allo stesso modo le sedi donatrici di prelievi ossei 
sembrano andare incontro ad una migliore gua-
rigione. Traducendo quanto affermato in termini 
numerici, il margine di necrosi del taglio piezoe-
lettrico ha uno spessore di 1,57 μm, contro 2,23 
μm delle frese convenzionali. Nella preparazione 
dei siti implantari è stata valutata la concentrazio-
ne di proteine morfogenetiche (BMP-4), fattore di 
crescita trasformante (TGF- beta 2), fattore di ne-
crosi tumorale alfa e delle interleuchine- 1β e -10 
intorno ai campioni di osso perimplantari. L’analisi 
ha mostrato una neo osteogenesi decisamente 
più attiva nei campioni preparati con la chirur-
gia piezoelettrica, una più rapida espressione di 
BMP-4 e TGF-β 2 ed una minore espressione di 
citochine pro infiammatorie.
In conclusione i risultati ottenuti sembrano indi-
care di aver raggiunto un’ottimizzazione di impie-
go degli ultrasuoni nella chirurgia dei tessuti duri; 

l’eventuale ulteriore implementazione potrà esse-
re forse ottenuta attraverso l’impiego in associa-
zione di gas medicali e/o onde luminose.
I campi di applicazione nella chirurgia odontosto-
matologica e maxillo-facciale sono vari.

Parodontologia.
In chirurgia parodontale resettiva gli inserti per-
mettono di operare con relativa facilità anche in 
spazi ridotti o di difficile accesso come i setto-
ri posteriori o gli spazi interdentali consentendo 
l’asportazione di tessuto osseo o di struttura den-
tale mineralizzata. Rispetto all’uso di strumenti ro-
tanti la chirurgia piezoelettrica riduce il rischio di 
lacerare i tessuti molli, è più delicata nei confronti 
del tessuto osseo ed, inoltre, grazie all’effetto ca-
vitazionale garantisce un campo operatorio molto 
deterso e quindi migliore visibilità. 

Chirurgia endodontica. 
Con specifici inserti dedicati è possibile sezionare 
gli apici radicolari con un taglio netto e preciso, 
per poi penetrare nel canale radicolare per via re-
trograda per alcuni millimetri rispettandone l’ana-
tomia (procedura non praticabile con strumenti 
rotanti). Si ottiene una cavità a quattro pareti favo-
revole al contenimento ed alla compattazione dei 
materiali come l’MTA che, a fronte di eccellenti 
potenzialità riparative, è poco maneggevole. Me-
diante l’azione ultrasonica è possibile rimuovere 
materiale endodontico, nonché tentare la rimo-
zione di strumenti fratturati.

Germectomie ed avulsione di elementi 
dentari disodontiasici.
L’estrazione di germi ed elementi dentari in par-
ziale o totale inclusione ossea solitamente è ese-
guita in pazienti molto giovani, spesso ansiosi e 
non sempre collaboranti. Il manipolo piezoelet-
trico, per le caratteristiche di rispetto dei tessuti 
molli viciniori, può essere impiegato in sicurezza 
anche quando l’angolo di visuale non è ottimale. 
Le caratteristiche proprie della chirurgia piezoe-
lettrica (sito esangue e ben deterso) consentono 
di individuare ed asportare i tessuti dentari che 
non vengono mai confusi con le pareti ossee. 
Qualora sia concomitante la presenza di una cisti 
follicolare o comunque nelle enucleazioni di le-
sioni osteolitiche benigne è possibile rimuovere, 
conservandola, la parete ossea di accesso senza 
lederne la parete cistica; talora è possibile riposi-
zionare l’opercolo osseo con il duplice vantaggio 
di offrire sostegno ai tessuti molli sovrastanti e 
nel contempo ridurre e delimitare la cavità ossea 
offrendo stabilità al coagulo osseo e garantendo 
quindi una pronta riparazione ossea. 
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Estrazione di denti anchilosati.
Il terminale piezoelettrico può utilizzare inserti 
appositamente progettati, simili a sindesmo-
tomi, che lavorano all’interfaccia dente-alve-
olo riducendo al minimo la quantità di osso 
asportato. Questa tipologia di estrazioni, spe-
cie per la vicinanza di altri elementi dentari, 
è una procedura particolarmente indaginosa: 
molto spesso il trauma estrattivo può condi-
zionare in maniera determinante l’inserimento 
di un successivo impianto, a causa dei danni 
causati dagli strumenti rotanti o dalle leve. 

Chirurgia preimplantare e implantare.
La tecnica dello split crest permette di espan-
dere creste alveolari il cui diametro trasverso 
sia insufficiente ad accogliere correttamente 
impianti osteointegrati; i vantaggi dell’utilizzo 
di questa tecnologia risiedono nel fatto che 
il taglio osteotomico sia altamente ergonomi-
co avendo uno spessore inferiore al millime-
tro e possa essere adeguatamente eseguito: 
con le frese questa possibilità è inferiore non 
tralasciando che l’esecuzione con scalpello 
e martello provochi grande discomfort per il 
paziente. Non da ultimo è da enfatizzare che 
le temperature di lavoro del terminale ultraso-
nico non superino mai i 31° centigradi garan-
tendo una preservazione della integrità cellu-
lare che equivale a processi riparativi migliori 
e più rapidi. 
è possibile affermare che la chirurgia piezo-
elettrica si sia diffusa grazie alla sua applica-
zione nelle tecniche di sinus lift; l’elevazione 
della membrana sinusale attraverso l’apertura 
di un accesso osseo laterale con manipolo ul-
trasonico riduce sensibilmente la possibilità di 
perforazioni della membrana schneideriana. 
Con terminali introdotti recentemente è pos-
sibile scollare la membrana sinusale anche 
per via transcrestale mediante l’utilizzo di un 
getto d’acqua di potenza controllata: in que-
sto modo si ottiene uno scollamento e con-
temporaneo sollevamento di un’area piuttosto 
ampia, e non solo limitata al diametro dell’im-
pianto come invece avviene con la classica 
tecnica di Summer.
In chirurgia rigenerativa l’impiego di osso 
autologo, particolato o in blocchi, è ancora 
ad oggi da considerarsi come gold standard 
soprattutto nei difetti estesi delle creste al-
veolari.
Mediante l’utilizzo di specifici terminali è pos-
sibile collezionare anche grandi quantità di 
particolato osseo utile sia nelle tecniche ri-
generative che prevedono l’impiego di mem-

brane che in associazione a blocchi ossei a 
zeppaggio degli spazi residui.
Il disegno dei tagli osteotomici al fine di ese-
guire un prelievo di blocco osseo dal corpo o 
dalla branca montante mandibolare utilizzan-
do un terminale ultrasonico consente:

ottima visibilità operatoria essendo il sito •	
esangue e costantemente deterso
sicurezza legata al rispetto delle strutture •	
anatomiche viciniori
in relazione all’estrema sicurezza ed al mi-•	
nor ingombro del terminale ultrasonico è 
possibile effettuare un minor scollamento 
dei tessuti molli circostanti a tutto vantag-
gio del sanguinamento, dolore ed edema 
post-operatorio
corretta esecuzione delle osteotomie an-•	
che in sedi meno favorevoli come l’osteoto-
mia basale laterale eseguibile con terminali 
a doppia angolazione e sagomati ad hoc 
per il lato destro e sinistro
preservazione della integrità cellulare attra-•	
verso basse temperature di esercizio. 

Nell’ambito della chirurgia maxillofacciale può 
essere utilizzato per eseguire osteotomie seg-
mentarie per facilitare movimenti ortodontici o 
espansioni rapide palatali: la vitalità degli ele-
menti dentari viene mantenuta ed analisi mi-
croscopiche non hanno mostrato segni di ne-
crosi coagulativa; parimenti, per correggere 
alterazioni di sviluppo, è possibile mobilizzare 
il mascellare superiore con osteotomie tipo Le 
Fort I utilizzando strumenti ultrasonici.
Durante la separazione della sindesmosi dei 
processi pterigoidei si riducono i rischi di le-
sione di strutture anatomiche rilevanti, quali 
l’arteria palatina maggiore mentre l’interruzio-
ne delle pareti del mascellare può essere ese-
guita con totale risparmio osseo e volendo 
con la conservazione della membrana sinu-
sale che può essere contestualmente elevata 
per rigenerazioni ossee verticali.
Sempre nell’ambito della chirurgia ortopedi-
ca dei mascellari anche le diverse osteotomie 
mandibolari possono essere eseguite con 
manipolo ultrasonico riducendo sensibilmen-
te la possibilità di insulto dei tessuti molli adia-
centi e garantendo nel contempo l’esecuzione 
di linee osteotomiche ben definite, con ampio 
risparmio di tessuto osseo e con un’ottima vi-
sione del campo operatorio ben deterso.
Attraverso le medesime prerogative, il ma-
nipolo piezoelettrico è altresì utilizzabile 
nell’esecuzione di osteotomie per asportazio-
ne di lesioni benigne dei mascellari.
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Fig. 1 OPT iniziale del caso. Il paziente presenta 
numerosi restauri incongrui. A livello del primo quadrante 
la protesizzazione parziale fissa è ancorata sugli elementi 
1.1, 1.6 e 1.7.

Fig. 2 Visione iniziale intraorale. Viene rimossa la 
protesizzazione fissa su dentatura naturale. 
L’area edentula presenta un marcato riassorbimento 
orizzontale e rapporti verticali mantenuti.

Fig. 4 Azione dell’inserto 
osteotomico piezoelettrico 

(Silfradent®). L’irrigazione 
continua e l’effetto cavitazionale 

mantengono l’area di lavoro 
esangue. Il taglio viene esteso in 

direzione apicale per circa 10 mm.

Fig. 3 Lembo a spessore totale 
senza incisioni di scarico verticali.
Lo scollamento prosegue solo 
per alcuni millimetri in direzione 
vestibolare. Viene marcato il 
centro dei futuri elementi protesici 
secondo ceratura diagnostica.

caSo clinico n. 1:
Split crest con terminale piezoelettrico

In implantoprotesi è fondamentale il concetto di posi-
zionamento implantare protesicamente guidato al fine 
di inserire delle fixture di forma e dimensioni adeguate 
ai denti da sostituire ottenendo validi profili di emer-
genza, nella giusta posizione mesio-distale e vestibo-
lo-linguale, in modo che le forze masticatorie possano 
essere scaricate lungo l’asse dell’impianto.
Una delle limitazioni anatomiche più frequenti è il rias-
sorbimento osseo orizzontale che si verifica in modo 
esuberante dopo i primi tre mesi ed entro due anni 
dall’estrazione di un dente.
In effetti in alcuni casi, anche se apparentemente la 
quota ossea in senso vestibolo-palatale sembrereb-
be permetterci l’inserzione della fixture senza dover 
effettuare alcuna manovra rigenerativa, tale riassorbi-

mento orizzontale sposta il centro della cresta ossea 
rispettivamente in posizione più palatale o linguale a 
seconda che l’edentulia sia a carico del mascellare 
superiore o mandibolare. 
Una delle tecniche ricostruttive più predicibili per au-
mentare la quota ossea vestibolare è l’osteotomia 
sagittale della cresta. Tale tecnica in mani esperte ha 
un’altissima percentuale di successo e mostra la minor 
contrazione volumetrica a lungo termine poiché vie-
ne lasciato in situ il piatto osseo vestibolare con una 
irrorazione sia endostale che periostale che ne limita 
notevolmente il riassorbimento secondario.
Nel caso in esame il paziente necessitava dell’inserimen-
to di impianti endoossei nel I° quadrante; i denti erano 
stati estratti due anni prima per motivi parodontali.
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Fig. 7 Sutura completata.  
è apprezzabile l’entità di espansione 
ottenuta, fino al rispristino di un 
profilo alveolare armonico.

Fig. 5 Inserimento degli scalpelli per 
espandere il diametro della cresta. 
Questa fase va eseguita lentamente, 
distribuendo il carico uniformemente 
lungo la linea di taglio.

Fig. 6 Inserzione di 3 
impianti di diametro 3,3 

mm su 1.2, 3,8 mm 
su 1.3 e 3,8 mm su 

1.5 (Winsix® K) e viti di 
guarigione.

Fig. 9 Visione occlusale dei 
tessuti condizionati: la quota di 

mucosa cheratinizzata è ottimale 
per una corretta integrazione 

estetica del restauro.

Fig. 8 Radiografia 
di controllo.
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 caSo clinico n. 2:
elevazione transcrestale della membrana sinusale 

e contestuale posizionamento di un impianto

Il paziente presentato necessitava dell’inse-
rimento di un impianto endoossei in sede 

1.6 precedentemente estratto per motivi pa-
rodontali. 

Fig. 12 Schema della modalità 
d’azione dell’inserto: l’irrigazione 
fuoriesce da aperture laterali.

Fig. 14 Inserimento dell’impianto (Winsix® K).

Fig. 10 Radiografia
pre operatoria dell’area edentula.

Fig. 11 L’inserto 
progettato per 

l’elevazione della 
membrana transcrestale 

(Silfradent®) viene 
inserito nel primo foro 

osteotomico.
La punta arrotondata 
riduce la possibilità di 

perforazioni.

Fig. 15 Radiografia 
postoperatoria con 

impianto inserito.

Fig. 13 L’osteotomia 
implantare viene 

allargata con inserto 
dedicato (Silfradent®).
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 caSo clinico n. 3:
elevazione transcrestale della membrana sinusale 

e contestuale posizionamento di un impianto

Nel caso in esame viene inviato in esame un 
paziente maschio di 37 anni per rimuovere 

un impianto osteointegrato inserito cinque 
anni prima in sede 22.

Fig. 18 Impianto rimosso con tecnica 
piezoelettrica. La quantità di osso nativo 
asportata è minima. 

Fig. 21 Il difetto viene ricostruito 
tridimensionalmente con più blocchi 
iniziando dalla parete palatale 
(indispensabile è ricercare una 
stabilità primaria dell’innesto).

Fig. 19 Il difetto 
residuo viene 

misurato nelle tre 
dimensioni dello 
spazio prima di 

effettuare il prelievo.

Fig. 16 Visione iniziale intraorale: l’impianto 
in posizione 2.2 è stato inserito con un errato 
asse in senso apico-coronale, causando 
disarmonia delle parabole gengivali.

Fig. 17 Dopo aver 
elevato un lembo 

trapezoidale a 
spessore totale 
si apprezza una 

completa deiscenza 
della superficie 

implantare 
vestibolare.

Fig. 20 Prelievo di osso autologo 
a livello della branca montante 
della mandibola. Anche per questa 
procedura gli inserti piezoelettrici 
offrono indubbi vantaggi rispetto 
agli strumenti rotanti.
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Fig. 24 Chiusura del lembo mucosa 
a totale copertura dell’ area rigenerata
ed in assenza di trazioni.

Fig. 25 Radiografia di 
controllo con vite da 

osteosintesi.

Fig. 26 Guarigione dei tessuti 
molli a 3 mesi di distanza.

Fig. 27 Viene allestito un lembo 
di dimensioni ridotte per non 
interrompere la neovascolarizzazione 
periostale.

Fig. 22 Negli spazi residui si 
compattano frammenti di piccole 
dimensioni e osso particolato 
recuperato durante il prelievo.

Fig. 23 La ricostruzione è ultimata 
con il posizionamento di un blocco 
osseo a ricostruzione della parete 
vestibolare stabilizzato con tecnica 
lag-screw.
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Influence of Novel Nano-Titanium Implant
Surface on Human Osteoblast Behavior

and Growth
Stefano Tetè, MD, DDS,* Filiberto Mastrangelo, MD, DDS, PhD,† Raimondo Quaresima,‡ Raffaele Vinci, MD,§

Gilberto Sammartino, MD, DDS,� Liborio Stuppia, MD,¶ and Enrico Gherlone, MD#

L
ong-term integration of endosse-
ous implants in bone tissue is
guaranteed by an intimate contact

between the titanium surface and the
host structure.1,2 Recent in vitro and in
vivo studies3–6 have shown that physical
and chemical characteristics, derived
from surface coating treatment, have a
central role during initial phases of bone
to implant integration, conditioning the
quality and quantity of cellular response
and the time of healing processes.7,8 In
fact, during initial phases of machined
and macroroughness coating endosse-
ous integration, new bone formation
was observed around the fixture only on
host bone (distance growth osteogene-
sis), whereas during microroughness
implant integration, it is possible to note
a significant enhancement of new bone
apposition on the host bone and on the
titanium surface (contact growth osteo-
genesis), increasing stability and reduc-

ing the healing period.9 An essential role
of osteogenesis processes is played by os-
teoblast progenitor stem cells during
recruitment, adhesion, proliferation, differ-
entiation, and mineralized matrix deposi-
tion during bone regeneration phases.10–12

Adult human dental pulp and young hu-
man dental papilla cultured in osteogenic
medium show cellular phenotypes and
mineralizing capabilities similar to those
of osteoblasts.15,16 Numerous bone regen-
erative studies17–20 have founded that hu-
man dental papilla stem cells (hDPaSCs),
similar to adult stem cells, can differentiate
into specialized cell types both in vivo and
in vitro situations, confirming the feasibil-
ity of these cell line types for experimental
regeneration and clinical application.12,21

In dental cell therapy, the technique for
manipulation of the isolated dental pro-
genitor/stem cell growth and induction of
3D tissue formation in vitro and in vivo
needs to be developed.22,23 The aim of
our study is to analyze the physico-
chemical modification of new
implant surfaces, the treatment mod-
ification of coating roughness, and
their influence on osteoblast progen-
itor stem cell morphology, adhesion,
and proliferation.

MATERIALS AND METHODS
hDPaSCs Expansion and Mesenchymal
Stem Cell Sorting

Six healthy patients (3 males and
3 females), in orthodontic treatment
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Purpose: The aim of the study is to
investigate human osteoblast-like cell
behavior and growth in the presence of
3 different titanium implant surfaces.

Materials: Human stem cells were
first obtained and then sorted by
fluorescence-activated cell sorter from
mesenchymal stem cell clusters of hu-
man dental papilla. The obtained human
dental papilla stem cells were induced to
differentiate into osteoblast-like cells
and were then analyzed by reverse tran-
scriptase polymerase chain reaction and
Western blot analyses. The cells pro-
liferated and were cultured onto 3 dif-
ferent titanium discs (sandblasted,
sandblasted and large-grit acid-
etched, and full contact coverage
[FCC]) and analyzed by scanning
electron microscope.

Results: In all analyses samples,
a high cell activity was observed,
with typical osteoblast mature mor-
phostructural response on rough
surface. The high number of osteoblast-
like cells was found on titanium FCC
discs. At the same time, scanning
electron microscope analysis con-
firmed the high biocompatibility of
this surface.

Conclusion: The rapid maturation
of the osteoblast-like cells on FCC tita-
nium surface suggests that this structure
could play a central role during initial
phases of bone healing processes.
(Implant Dent 2010;19:1–000)
Key Words: human dental papilla stem
cells, osteogenic differentiation, tita-
nium surface, full contact coverage
surface
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for Classes II and III malocclusion,
hyperdivergence, and overcrowding,
average age 16 years, were recruited at
the Oral Science Department of “G.
d’Annunzio” University, Chieti, for
third molar germ extraction. In accor-
dance with the Ethics Committee of
the University of Chieti, all patients
(or their parents in case of minors)
expressed their informed written con-
sent before surgery. Six impacted third
molar buds were surgically removed,
and the dental papillae were delicately
removed and immediately were im-
mersed in a digestive solution (4
mg/mL Dispase I [Roche, Basel, Swit-
zerland]; 3 mg/mL collagenase
[Sigma, St. Louis, MO]; 1% penicil-
lin/streptomycin [Invitrogen]; 1% cla-
rithromycin in 1.25 mL of minimum
essential medium Eagle, alpha modi-
fication [�-MEM; Sigma-Aldrich]) at
37°C, for 1 hour. After enzymatic di-
gestion, cells were passed through a
70-�m BD Falcon strainer (Becton
Dickinson, Franklin Lakes, NJ), and
the single-cell suspensions were
seeded onto plates in standard growth
medium (�-MEM, 100 �M 2-phospho-
L-ascorbic acid, 2 mM L-glutamine
[Sigma], 100 �g/mL streptomycin, and
100 U/mL penicillin supplemented with
20% fetal bovine serum [Invitrogen], at
37°C in a 5% CO2). The medium was
renewed every 3 days to remove cells
debris. The adherent cells reached con-
fluence after �20 days. For mesenchy-
mal cell sorting, an immunophenotypic
analysis was performed on first-passage
cells. Approximately 1.5 � 106 cells
were harvested, washed 3 times with
phosphate-buffered saline (PBS), sus-
pended in 0.7 mL PBS, and then in-
cubated with 10 �L fluorescein
isothiocyanate- or phycoerythrin-
labeled monoclonal antibodies against
CD5, CD22, CD29, CD90, CD146,
CD166, and STRO-1 and 2 mL fixative
solution for 20 minutes at room temper-
ature. Cells were centrifuged at 300g for
10 minutes, dissolved the pellet into 1
mL PBS, and then analyzed by using a
fluorescence-activated cell sorter Van-
tage flow cytometer and CellQuest Soft-
ware (Becton Dickinson). Cells positive
for mesenchymal markers CD29, CD90,
CD146, CDE166, and STRO-1 were
sorted and collected for the osteogenic

differentiation. Nonsorted cells were
used as controls.

In Vitro Osteogenic Differentiation and
Microscopic Observation

For 40 days, sorted cells were col-
lected and seeded under a controlled
atmosphere (5% CO2, at 37°C) onto
10 mm dishes in Owen-modified os-
teogenic medium (�-MEM, 15% fetal
bovine serum [Invitrogen], 1%
L-glutamine, 50 �M 2-phospho-L-
ascorbic acid trisodium salt [Sigma], 3
mM glycerol-2-phosphate disodium
salt [Sigma], and 10 nM dexametha-
sone) at a density of no less than 2 �
107/mL.24 Microscopic analyses (light
microscope and electron microscope
analyses) of differentiating cells were
performed at day 7 (before the cell
confluence) and at day 40 (after the
cell confluence). For light microscope
analysis, cells were stained with tolu-
idine blue and observed under an Axi-
olab microscope (Zeiss, Oberkochen,
Germany) connected to a digital cam-
era, Fuji FinePixS2Pro (Fujifilm Cor-
poration, Tokyo, Japan). The images
were stored in RAF format with
3032 � 2035 grid of pixels. The cells
were then observed by electron micro-
scope analysis with a scanning elec-
tron microscope (SEM) LEO 435 VP
after being subjected to fixing proce-
dure: the cells were treated with 3%
glutaraldehyde in 0.15 M PBS (pH �
7.4) for 30 minutes and then washed in
0.15 M PBS for 15 minutes and post-
fixed in 2% phosphate-buffered os-
mium with the addition of 0.15 M
sucrose, at room temperature for 5
hours. The samples were gradually de-
hydrated in increasing concentrations
of propylene oxide (from 50% to
100%, 10% steps), saturated with
amyl acetate, carried through critical
point drying according to standard
procedure using liquid carbon dioxide,
and sputtered with gold-palladium
coating.

Reverse Transcriptase Polymerase Chain
Reaction and Western Blot Analyses

To confirm that cells were differ-
entiating toward an osteoblast-like
pathway, the expression of typical
markers was investigated. Reverse
transcriptase polymerase chain reac-

tion (RT-PCR) and Western blot anal-
yses were performed on days 3, 5, 10,
and 40 from the beginning of culture
in osteogenic conditions to evaluate
alkaline phosphatase (ALP), osteocal-
cin (OCN), and matrix extracellular
phosphoglycoprotein (MEPE) expres-
sion variations. For RT-PCR analysis,
total RNA was extracted from differ-
entiated cells on the established days,
using 1 mL TRIzol (Life Technolo-
gies) and then amplified following the
manufacturer’s instructions. In brief,
cDNA synthesis was performed with
RNA by using RETROscript kit (Am-
bion, Inc.): 10 �g purified RNA were
incubated at 4°C for 1 hour with 10
mM Tris-HCl pH 8.3, 50 mM KCl, 1.5
nM MgCl2, 0.8 mM oligo-dT (Applied
Biosystem), 5 �M random primers,
0.5 U RNAsi inhibitor, and 5U reverse
transcriptase. Then, 5 �M of each spe-
cific oligonucleotide, 0.8 mM oligo-
dT, 0.2 mM of each primer, and 2
U/50 �L Taq polymerase (Applied
Biosystem) were added to 2 �L of the
cDNA previously obtained. Samples
underwent a preliminary 5-minute de-
naturation step at 94°C, followed by
35 cycles of 94°C for 1 minute, an-
nealing at 55°C (ALP and MEPE) or
58°C (OCN and GAPDH) for 1
minute, and elongation at 72°C for 1
minute, with a final elongation step at
72°C for 10 minutes. The amplifica-
tion products were subjected to elec-
trophoresis on agarose gel, at room
temperature, applying a potential dif-
ference of 1 to 3 V/cm. The identity of
the products was confirmed by cycle
sequencing the amplified cDNA.

For Western blot analysis, pro-
teins were harvested at the indicated
times, using 25 mM Tris buffer pH 7.4
(containing 150 mM NaCl, 100 �M
sodium orthovanadate, 1.5 mM
MgCl2, 1.0 mM ethylenediamine tet-
raacetic acid, 1% NP40, 10% glycerol,
1 mM phenylmethylsulfonyl fluoride,
5 �g/mL leupeptin, and 5 �g/mL
aprotinin) at 4°C. A part was taken
from each sample to evaluate the total
protein contents, according to the
Bradford method.25 Approximately 30
�g/mL proteins were taken from the
supernatant, loaded onto 12.5% to
15% polyacrylamide gel, and sepa-
rated by electrophoresis. Proteins were
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then moved to a polyvinylidene fluo-
ride membrane, blocked with PBS/
0.1% Tween20/5% nonfat milk (Bio-
Rad Laboratories) for 2 hours at 4°C,
incubated overnight at 4°C with spe-
cific primary antibodies (polyclonal
rabbit anti-human ALP, dilution
1:10,000; anti-human OCN, dilution
1:200 [Abcam, Cambridge, United
Kingdom]; and anti-human MEPE [1
�g/mL; R&D, Minneapolis, MN]),
and then repeatedly washed and ex-
posed to donkey anti-rabbit horserad-
ish peroxidase-conjugated secondary
antibody for 1 hour at room tempera-
ture (final dilution 1:5,000; GE
Healthcare Life Sciences). To deter-
mine the equal loading of samples per
lane, the blots were stripped and re-
probed with an anti-�-actin antibody
(dilution 1:100, incubation for 1 hour
at room temperature; Santa Cruz Bio-
technologies). Immunocomplexes
were visualized using the enhancing
chemiluminescence detection system
(GE Healthcare Life Sciences) and
quantified by densitometric analysis
(Molecular Analyst System; Bio-Rad
Laboratories).

Alizarin Red Staining

To assess the presence of miner-
alized depositions in the extracellular
matrix (ECM), culture of differenti-
ated cells were stained at days 5, 10,
and 40 with Alizarin red S solution
(Sigma-Aldrich, Milano, Italy), ac-
cording to the method described by
Gregory et al.26

Description and Evaluation of
Physicochemical Characteristics of
Titanium Surfaces

The titanium test discs to be used
as scaffold for cell proliferation were
provided by WinSix (BioSAF srl,
London, United Kingdom). Sand-
blasted surface samples (SAB) were
treated only with applied TiO2 parti-
cles on the disc surface. The sand-
blasted and large-grit acid-etched
(SLA) disc samples were obtained by
2 acid etching processes with fluorid-
ric acid and sulfuric-hydrochloric acid
(H2S-HCl) after one sandblasting TiO2

process. The full contact coverage
(FCC) surface samples were obtained
by a galvanotactic anodizing process

in a phosphate-sulfate bath. All sample
surface profilometry and morphology
were analyzed with SEM LEO 420
(LEO Electron Microscopy, Ltd., Cam-
bridge, United Kingdom) and commercial
profilometer (Hommel T 20; Hommel
GmbH, Villingen-Schwermingen,
Germany), equipped with a 5-�m ra-
dius diamond tip and sensitive to ver-
tical movements to an accuracy of
10.01 �m. All points of absolute val-
ues of average profile (Ra), all points
of values of root mean square (Rq) and
the average value of the absolute
height of the 5 highest peaks, and the
absolute depth of the 5 deepest valleys
(Rz) were taken. All surface samples
were scanned at 5 different profilo-
metric positions, and the data were
automatically determined using soft-
ware Statistica 8 (Stat Soft, srl, Italy),

and the variance was analyzed with
post hoc turkey comparative test with
the Ra roughness sample parameter.
The chemical surface composition was
evaluated by x-ray photoelectron spec-
troscopy (EDAX; Perkin Elmer PHI
5400 ESCA System) to analyze �5
nm of the most external layer and ex-
pressed in atomic percentage.

Proliferation of Osteoblast-Like Cells
Onto Titanium Surface

After the differentiation phase,
osteoblast-like cells were replated
onto the titanium test discs and The
cells were selected into 3 groups, ap-
proximately 3.7 � 104 cells were
seeded onto each of the 3 different test
discs and cultured in standard growth
medium for a total of 20 days and
were observed by SEM.

Fig. 1. Flow cytometric analysis of primary cultured hDPaSCs performed at day 20.
Closed histograms, in red, represent staining for each marker expression. The hDPaSCs
resulted negative for hematopoietic markers (CD5 and CD22) but positive for cell surface
antigens exhibited by mesenchymal stem cells (CD29, CD90, CD146, CD166, and
STRO-1).
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RESULTS
Cell Sorting and Cell Behavior During In
Vitro Osteogenic Differentiation

The hDPaSCs were isolated by en-
zymatic digestion. By day 1 and all
through the first week in culture, cells
were aggregated in groups with some
cellular debris. At day 15, the cells were
�80% confluent. Immunophenotypic
analysis by fluorescence-activated cell
sorter allowed to discriminate a sub-
population of cells negative to hemato-
poietic markers CD5 and CD22
(hematopoietic stem/progenitor cells/
endothelium) but positive to cell surface
antigens exhibited by mesenchymal
stem cells (CD29, CD90, CD146,
CD166, and STRO-1; Fig. 1). The pat-
tern of marker expression of the dental
papillae obtained from different donors
did not vary significantly.

The cells were then induced to
osteogenic differentiation by adding
specific supplements to culture me-
dium. Cells were observed by light
and electron microscopes at day 7 (be-
fore the confluence) and at day 40
(after the confluence) to asses changes
in cell morphology after cell differen-
tiation. Moreover, to evaluate changes
in typical osteoblastic marker expres-
sions during the differentiation, cells
were investigated at days 3, 5, 10, and
40 by RT-PCR and Western blot.

At light microscope observation af-
ter 7 days in vitro, cells from the initial
aggregates started to expand, exhibiting
a high proliferation rate and assuming a
starry and a fibroblast-like morphology
(Fig. 2, A). After 40 days, the samples
were stained with toluidine blue, and at
low light microscope magnification, the
cells showed a diversified morphology
and a thick net multilayer organization
(Fig. 2, B). At SEM analysis, the cells
showed a mesenchymal stem cell-like
morphostructure with rounded nuclei.
Long filopodia and lamellipodia sur-
rounded the cell surfaces and formed a
thick extracellular net by connecting the
cells to each other. Fiber depositions
could be observed on culture plates after
cell confluence (Fig. 2, C and D).

Both RT-PCR and Western blot
analyses on differentiating cells showed
that the mRNA expression and the pro-
tein content of the investigated markers
changes according to their specific be-

Fig. 2. Light (upper panel) and SEM (lower panel) observation of hDPaSCs after 7 (A and C)
and 40 days (B and D) in vitro, under osteogenic conditions.

Fig. 3. Detection of ALP, OCN, and MEPE in hDPaSCs cultured under osteogenic differenti-
ation condition by RT-PCR (left panel) and Western blot (right panel) at 3, 5, 10, and 40 days
in vitro. Graphics represent the levels of ALP, OCN, and MEPE analyzed by scanning densi-
tometry and normalized to GAPDH and to �-actin levels, respectively. In each panel, the values
are expressed as mean � SEM (n � 3) versus values detected in cells at 3 days after seeding
(*P � 0.05, **P � 0.01, ***P � 0.001).
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havior. ALP increased to its maximum
at day 5 and decreased during the fol-
lowing days, and its expression at day
40 was quite comparable with that dur-
ing the first week. On the contrary, the
analysis of OCN expression showed a
significant, continuous increase during
the experimental time. Finally, RT-PCR

and Western blot indicated that MEPE
expression was downregulated, begin-
ning from the fifth day after the addition
of the osteogenic supplements (Fig. 3).
Quantitative Alizarin red staining, on
differentiating hDPaSCs at 5, 10, and 40
days confirmed cell differentiation into
an osteoblast-like cell lineage (Fig. 4)

and revealed the increasing amount of
mineralized nodule with high levels of
calcium.

Titanium Surface Observation

Macroscopic and microscopic im-
plant surfaces analysis showed typical
specimens topography differences. At
low (�300) SEM analysis magnifica-
tion, SAB implant surface showed a
macroroughness morphology with ir-
regularly distributed porosity. At
higher (�5000) magnification, irregu-
lar areas could be observed with ele-
vated sharp crests alternated to deep
valleys. SEM analysis of SLA implant
surface at low (�1000) magnification
provided a microrough topography
with regularly distributed cavities. At
higher magnification, it was possible
to observe more homogeneous surface
porosity with bevelled peaks alternat-
ing with microvalleys. With FCC elec-
trochemical treatment implant surface
at low (�1000) magnification SEM
analysis, it was possible to notice
more regular nanorough topography.
At higher (�5000) magnification,
FCC surface showed specific mor-
phology with regularly distributed
crests similar to “volcanoes,” nanopo-
rosities, and low valleys. Specimen
profilometric evaluation confirmed
different surface roughness with statis-
tical parameters. SLA and FCC rough-
ness surfaces exhibited statistically
higher values (P � 0.0001) than the
SAB samples. The average roughness
samples (Ra) of the sandblasted tita-
nium sample (1.35 � 0.16 �m) was
observed similar to the SLA specimen
(1.41 � 0.20 �m). FCC surface
showed a lower Ra value (0.73 � 0.09
�m; Fig. 5). In Rz analysis, it could be
observed that the SAB specimens
(14.11 � 1.09 �m) showed very sim-
ilar values to SLA (12.87 � 1.40 �m).
Moreover, the FCC titanium samples
provided a significant lower Rz value
(5.03 � 1.07 �m), indicating a more
regular surface (Fig. 5; Table 1) In
accordance with the surface treatment
process, the root mean square (Rq) val-
ues showed the same range of rough-
ness values for SLA (21.79 � 1.30
�m) and FCC (25.37 � 0.95 �m).
Once again, in SAB implants, the Rq

value (51.66 � 1.89 �m) showed a

Fig. 4. Alizarin red staining of hDPASCs during osteogenic differentiation: A, day 5; B, day 10;
and C, day 40.

Fig. 5. Graphic representation of the profilometric data on each surface of Ra, Rz, and Rq.

IMPLANT DENTISTRY / VOLUME 19, NUMBER 6 2010 5

F3

F4

F5

T1

balt5/ziy-id/ziy-id/ziy00610/ziy3138-10a panickes S�4 11/2/10 18:20 4/Color Figure(s): F1–4,F6 Art: ID200392 Input-kar



531

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2010

higher difference (Table 1; Fig. 5),
indicating an irregular surface. The
sandblasting treatment left typical
macroroughness on the surfaces, and
SEM back scattered analysis of SAB
surface specimens showed typical
treatment morphology with different
composition areas (gray colour), in-
clusions (particles of 10�20 �m) for
higher sandblasted pressure, and bro-
ken border areas. In SLA specimens, it
was possible to notice more homoge-

neous microroughness according to
SLA treatment with more micro- and
nanopores (2 �m–150 nm), roughness
crest (100–200 nm), and deep macro-
pores (2–5 �m). SEM back scattered
analysis of FCC specimens showed
regular and plane surfaces with circu-
lar pores (10 �m–700 nm), crests sim-
ilar to volcanoes, and macrocircular
pores (10 �m; Figs. 6A, 6B).

At EDAX analysis in all SAB
samples, it was possible to observe

higher values of titanium (Ti), alumi-
nium (Al), calcium (Ca), and oxygen
(O2) and lower values of silicon (Si),
sulphur (S), and chrome (Cr) residues
of sandblasted treatment. The SLA
implant group showed higher values
only of Ti and lower value of O2.
EDAX analysis of all FCC specimens
detected higher values of Ti and phos-
phorous (P), and lower values of O2

and Ca on the surfaces (Fig. 5).

Osteoblast-Like Cells Onto
Titanium Surfaces

SEM analysis was used to evalu-
ate cell morphology, cell distribution,
and cell adhesion rate on different ti-
tanium coating. After culturing for 7
days onto SAB titanium coating, it is
possible to notice a low number of
osteoblast cells (200 �m), strongly ad-
hering to the surface. At higher mag-
nification (50–20 �m), the osteoblast
cells appeared extremely flattened,
with a typical shuttle morphology and
long filopodia in close contact with
each other and the material surface.
After 7 days, SLA titanium specimens
showed an increased number of cells
on the coating (200 �m) with conflu-
ent monolayer cells in different small
areas. At higher magnification in those
areas, osteoblast-like cells showed an
initial confluence phase and adherence
onto the sample surfaces with an in-
creased number of elongated filopodia
and lamellipodia (50–10 �m). After 7
days, culturing onto FCC titanium
coating was possible to evaluate a
higher number of cells growing on the
titanium surface, distributed around
more samples areas, and the typical
net morphology tended to form a con-
fluent layer on the surface. At higher
magnification (50–20 �m), the osteo-
blast cells network showed a great
coating adhesion. A great number of
filopodia and lamellipodia indicated a
close contact to each other and is pos-
sible to observe an initial ECM deposi-
tion. At 20 �m magnification, it was
possible to evaluate the flattened cell
morphology and strongly adhered osteo-
blast cell net on the nanostructure of the
volcanoes FCC surface (Fig. 7).

Fig. 6A. Upper panel: SEM and EDAX analysis of SAB implant surface. Middle panel: SEM and
EDAX analysis of SLA implant surface. Lower panel: SEM and EDAX analysis of FCC implant
surface.

Table 1. Mean Values of the Profilometric Analysis Lead on the Three Different
Implant Samples

Specimens R
a
(�m) Rz (�m) Rq (�m)

SAB 1.35 � 0.15 14.11 � 1.08 51.66 � 1.89
SLA 1.41 � 0.19 12.87 � 1.39 21.91 � 1.30
FCC 0.75 � 0.09 6.23 � 1.06 25,37 � 0.94
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DISCUSSION

The osseointegration process is a
complex mechanism for predictable
clinical results of implant dentistry.
Recent studies show that surface treat-

ment and macro- and microroughness
morphology may direct the process of
osseointegration by influencing im-
portant initial phases of differentiation
of osteoblasts, cell adhesion onto the

surface, full cell proliferation, and
ECM mineralized deposition to sur-
faces both in vitro and in vivo.3,8,27

Some studies have shown that dental
implants with a high nanoroughness
value may promote bone formation
around the implant fixture, maximize
bone healing, and improve bone bond-
ing for predictable clinical results.5,6

The SEM and the profilometric Ti
samples scans found a high roughness
value in all the specimens examined.
The Rq value of SAB implants con-
firmed the irregular macroroughness
of the samples, with highest peaks and
deepest valleys according to the spe-
cific surface treatment. The profilo-
metric FCC and SLA average showed
some Rq range values, with homoge-
neous microtopography with regular
cavity distribution. In FCC samples,
bevelled peaks appear alternated with
microvalleys and nanoporosities. In
this study, FCC testing demonstrated
values of roughness (Ra, Rz, and Rq) of
mostly regular surfaces comparable
with values of sandblasted large-grit
surfaces and sandblasted and acid-
etched surfaces. Moreover, EDAX
analysis showed the presence of a
large number of residual molecules
(Al, Ca, O2, Si, S, and Cr) of SAB
treatment on the sample surfaces,
whereas SLA and FCC surfaces were
very clean and pure with the presence
of residual products (Ca and P) more
biocompatible with bone tissue. To
test the ability of osteoblast-like cells
obtained from hDPaSCs to proliferate
onto surfaces commonly used for
craniofacial implantology and to eval-
uate their usefulness for tissue engi-
neering, we tested these cells on discs
with SAB, SLA, and FCC titanium
surfaces. SEM observation showed a
good osteoblast-like cells growth and
adherence on this latter surface. Os-
teoblast culture on titanium discs after
20 days found few cell colonies aggre-
gated in a restricted areas of SAB
coating and a lot of cell colonies onto
SLA and FCC samples. With higher
magnification, it was possible to note
the presence of few cells nearer to the
SAB specimens. Typical osteoblastic
morphotype with poor lamellipodia

Fig. 6B. Upper Panel: SEM and EDAX analysis of SAB implant surface. Middle panel: SEM
and EDAX analysis of SLA implant surface. Lower panel: SEM and EDAX analysis of FCC
implant surface.
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and long filopodia intracellular con-
nections could be observed. After 20
days, the specimens, with high-
magnification SEM analysis, showed
areas with cell aggregates arranged al-
most uniformly and forming a cell
culture layer on the disc with more
intracellular connections. At the same
time, high-magnification SEM analy-
sis of FCC coating showed a great
amount of cell proliferation adherent
to the surface and many filopodia and
lamellipodia connected to each other
to form a thick net. At higher magni-
fication SEM analysis, it is possible to
observe the presence of typical exocy-
tosis “bubbles,” evidence of large cel-
lular activities, and, moreover, the
presence of initial (ECM) matrix gran-
ule deposition onto the osteoblastic
stem cell surfaces.

CONCLUSION

Our research demonstrates that
nanostructured surfaces can influence in
vitro the early stage of osteogenesis with
intense cellular reactivity. The FCC
treatment eliminates surface contami-
nants and results in a consistent and
reproducible Ti oxide surface layer with
total biocompatible residues (Ca and P),
which is characterized by unique nano-
topography. The interacting osteoblast-
like cell coatings exhibit the typical
morphology of migrating cells and ad-
hesion with a big cell network, broad
lamellar leading, and long filamentous
training edges well supported by the cy-
toskeleton. However, biological
osteoblast-like cell activity is clear for
the comparison of the proliferation
number, the closed adhesion behavior
onto the surface, the cellular secretion

with numerous typical “bubbles” of
exocytosis, and the presence of initial
extracellular nodule of matrix deposi-
tion. The enhanced early cellular be-
havior and the surface nanostructure
influence the kinetics of the initial
phases of bone healing. Therefore, it
will be interesting to follow-up the
titanium nanostructure effects during
formation and the later stage of in
vitro osteogenesis and in vivo bone
repair for a new generation of dental
implants in which nanocoating, alone
or with cells, can lead to faster and more
predictable results of bone healing.
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Einfluss einer neuartigen Nano-Titan-Implantat-
Oberfläche auf das Verhalten und das Wachstum men-
schlicher Osteoblasten

ZUSAMMENFASSUNG: Zielsetzung: Die vorliegende
Studie zielt darauf ab, das Verhalten sowie das Wachstum men-
schlicher Osteoblastartiger Zellen bei Vorliegen dreier unter-
schiedlicher Titan-Implantat-Oberflächen zu untersuchen.
Materialien und Methoden: Zuerst wurden menschliche
Stammzellen entnommen, dann gemäß FACS aus mesenchy-
malen Stammzell-Clustern menschlicher Zahnpapillen
aussortiert. Die so gewonnenen menschlichen Zahnpapillen-
Stammzellen (hDPaSCs) wurden zur Ausdifferenzierung in Os-
teoblastartige Zellen gebracht und dann mittels RT-PCR und
Western-Blot-Test analysiert. Die Zellen teilten sich und wurden
auf drei unterschiedliche Titanscheiben (Sab, SLA,FCC) aufge-
tragen und mittels Rasterelektronenmikroskopie analysiert.

Ergebnisse: Bei allen Analyseproben konnte eine große Zellak-
tivität festgestellt werden. Dabei war eine für Osteoblasten
typische reife morphostrukturelle Antwort auf rauen Oberflä-
chen zu beobachten. Auf den Titan-FCC-Scheiben fand sich
eine hohe Anzahl an Osteoblastartigen Zellen. Gleichzeitig er-
wies die Rasterelektronenanalyse eine große Biokompatibilität
dieser Oberfläche. Schlussfolgerung: Die schnelle Reifung der
Osteoblastartigen Zellen auf FCC-Titan-Oberflächen lassen den
Schluss zu, dass diese Struktur eine zentrale Rolle bei den ersten
Stufen des Knochenheilungsprozesses spielen könnte.
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Influencia de la nano superficie de un novedoso implante
de titanio en el comportamiento y crecimiento de osteoblas-
tos humanos

ABSTRACTO: Propósito: El objetivo de este estudio es
investigar el comportamiento y crecimiento de células huma-
nas parecidas a osteoblastos ante la presencia de tres super-
ficies diferentes de implantes de titanio. Materiales y
Métodos: Células humanas madre se obtuvieron primero y
luego se organizaron por FACS grupos de células madre
mesenquimales de la papila dental humana. Las células de la
papila dental humana obtenidas (hDPaSCs) fueron inducidas
a que se diferencien entre células parecidas a osteoblastos y
luego analizadas por RT-PCR y Western blot. Las células
proliferaron y fueron cultivadas en tres discos diferentes de
titanio (Sab, SLA, FCC) y analizadas por SEM. Resultados:
En todos los análisis, se observaron muestras de alta actividad
celular, con la respuesta morfoestructural típica de osteoblas-
tos maduros sobre una superficie áspera. El número alto de
células parecidas a osteoblastos se encontró en discos de
titanio FCC. Al mismo tiempo, el análisis SEM confirmó la
alta biocompatibilidad de esta superficie. Conclusión: La
rápida maduración de las células parecidas a osteoblastos en
la superficie de titanio FCC sugiere que esta estructura podría
jugar un papel central durante las fases iniciales de los pro-
cesos de curación del hueso.

PALABRAS CLAVES: Células madres de la papila dental
humana (hDPaSCs), diferenciación osteogénica, superficie de
titanio, superficie con cobertura completa de contacto (FCC)
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Influência de Superfície Recente de Implante de Nano
Titânio sobre o Comportamento e o Crescimento de Osteo-
blasto Humano

RESUMO: Objetivo: O objetivo do estudo é investigar o
comportamento e o crescimento de células tipo osteoblasto
humano na presença de três diferentes superfícies de implante
de titânio. Material e Métodos: Células-tronco humanas fo-
ram primeiro obtidas, então separadas por FACS a partir de
agrupamentos de células-tronco mesenquimais de papilas
dentárias humanas. As Células-Tronco de Papila Dentária
humana obtidas (hDPaSCs) foram induzidas a diferenciar-se
em células tipo osteoblasto e foram então analisadas por
RT-PCR e Western blot. As células proliferaram e foram
cultivadas em três diferentes discos de titânio (Sab, SLA,
FCC) e analisadas por microscopia por varredura de elétrons.
Resultados: Em todas as amostras de análise uma alta ativ-
idade celular foi observada, com típica resposta morfoestru-

tural madura de osteoblasto em superfície áspera. O alto
número de células tipo osteoblasto foi encontrado em discos
de Titânio FCC. Ao mesmo tempo, a análise da microscopia
por varredura de elétrons confirmou a alta biocompatibilidade
desta superfície. Conclusão: A rápida maturação das células
tipo osteoblasto em superfície de titânio FCC sugere que essa
estrutura poderia desempenhar um papel central durante as
fases iniciais de processos de cura do osso.
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���������������
�� � ������������������ �����, �
����� �� �������� ����� � �����
	 ���-�� � ��-
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, a �����
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�
�. ��
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 �������
�������� ���������
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. ��
 �� ���� ������������������
����� ��� ���������� �� ��������� ������ FCC.
����������� � ����, ����� � �����
	
�������	���� ����������� ���������� ���������
������	 ���������������
 ���� �����������. �����.
������� �������� ������������������ ����� �� ��-
������� ����������� FCC ���� ���������
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Yeni Nano Titanyum I˙mplant Yüzeyinin İnsan Osteoblast-
larının Davranış ve Büyümesi Üzerine Etkisi

ÖZET: Amaç: Bu çalışmanın amacı, u¨ç adet deg˘işik tita-
nyum implant yu¨zeyinin varlığında insan osteoblastlarına
benzer hu¨crelerin davranıs¸larını ve büyümesini aras¸tırmaktı.

Gereçve Yöntem: Önce insan ko¨k hücreleri alındı ve ardın-
dan FACS yo¨ntemi ile insan dental papillasındaki mezenki-
mal kök hücre kümelerinden sıralandı. Elde edilen insan
Dental Papilla Ko¨k Hücrelerinin (iDPKH) osteoblast-benzeri
hücrelere farklılas¸ması sag˘landıktan sonra bunlar RT-PCR ve
Western blot yo¨ntemleri ile analiz edildi. Hu¨creler çoğaldı ve
üç değişik titanyum diskte (Sab, SLA, FCC) ku¨ltür yapılıp
SEM ile analiz edildi.Bulgular: Tüm analiz örneklerinde
pürüzlü yüzeyde tipik olgun osteoblast morfo-yapısal yanıt
ile birlikte yüksek hücre aktivitesi go¨rüldü. En yüksek sayıda
osteoblast-benzeri hu¨creler, titanyum FCC disklerinde bu-
lundu. Ayrıca, SEM analizi bu yu¨zeyin büyük ölçüde biyo-
uyumlu olduğunu teyit etti.Sonuç: FCC titanyum yu¨zeyinde
osteoblast-benzeri hu¨crelerin hızla olgunlas¸ması, bu yapının
kemik iyileşme sürecinin bas¸langıçevrelerinde o¨nemli bir rol
oynayabileceg˘ini düşündürmektedir.

ANAHTAR KELİ MELER: İnsan Dental Papilla Ko¨k Hücre-
leri (iDPKH), osteojenik ayrımlas¸ma, titanyum yu¨zey, Full
Contact Coverage (FCC) yu¨zey
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important step in the development of GBR
procedures.

The use of ostheosyntesis plate as space-
manteiner, avoiding the use of non-resorbable
ePTFE membrane titanium-reinforced, reduce
the risk of infection. The published literature
seems to indicate that problems with non-
resorbable barriers are common. For istance,
a retrospective trial including 32 patients treat-
ed for vertical ridge augmentation with auto-
genous bone chips and titanium-reinforced
barriers showed that vertical augmentation
could be considered a failure in terms of
regenerated tissues in four of six patients
whose barriers became exposed.22 In anoth-
er randomized clinical trial,23 a group of 11
patients were treated with vertical ridge aug-
mentation using autogenous bone chips and
titanium- reinforced barriers. In three patients
barriers were exposed. In two of these
patients, the barriers had to be removed some
weeks postoperatively, and the amount of
regenerated bone was partially compromised.
From the available scientific literature it can
be estimated that 9% to 17% of the interven-
tions 22-24 in patients treated for vertical ridge
augmentation with autogenous bone chips
and nonresorbable titanium-reinforced bar-
riers will not be completely successful.

In the present study results differs from
the outcomes of the investigation of Merli et
al.14 authors report a 100% success rate of
complete regenerated bone, Merli et al.
reported complete bone regenerated in the
81% of cases because of three abscesses.
Probably this difference is due to the filled
material used; Merli et al. used autogenous
bone grafts that were always harvested using
a bone trap on a dedicate suction device. In
fact, in a recent Cochrane systematic review
25 evaluating the efficacy of various bone
augmentation procedures, it was hypothe-
sized that the collection of autogenous bone
grafts with bone traps might be associated
with increased infection rates. It is in fact
known that considerable amounts of bacte-
ria can be found in the particulated bone col-
lected with bone traps also when dedicated
suction devices are used.26

Conclusions

From the outcomes of this study, howev-
er the number of patients was too low to
detect a guideline, it is possible to affirm that
the GBR technique performed with
ostheosynthesis plates, screws, xenogenic
graft and resorbable barriers is a safe alter-
native to the others well estabilished GBR
procedure nowadays performed, avoiding
the morbidity associated with harvesting auto-
genic bone and with no infection related
problems, in fact even if in the 71% of cases
the ostheosynthesis plate could be seen
through the mucosa and in the 14% of the
cases the dehiscence of the soft tissues
occurred, a correct amount of regenerated
tissue was seen.

References

1. Buser D, Dula K, Belser UC, Hirt HP, Berthold H.
Localized ridge augmentation using guided bone rege-
neration. I. Surgical procedure in maxilla. Int J
Periodontics Restorative Dent 1993;13:29-45.

2. Cordaro L, Sarzi AD, Cordaro M. Clinical results of
alveolar ridge augmentation with mandibular block
bone grafts in partially edentulous patients prior to
implant placement. Clin Oral Implants Res 2002;13:103-
11.

3. Donos N, Kostopoulos L, Karring T. Alveolar ridge
augmentation by combining autogenous mandibular
bone grafts and non-resorbable membranes. Clin Oral
Implants Res 2002;13:185-91.

4. Donos N, Kostopoulos L, Karring T. Alveolar ridge
augmentation using a resorbable copolymer membra-
ne and autogenous bone grafts. Clin Oral Implants Res
2002;13:192-202.

5. Oda T, Sawaki Y, Ueda M. Experimental alveolar rid-
ge augmentation by distraction osteogenesis using a
simple device that permits secondary implant place-
ment. Int J Oral Maxillofac Implants 2000;15:95-102.

6. Zitzmann NU, Scharer P, Marinello CP. Long-term results
of implants treated with guided bone regeneration: a
5-year prospective study. Int J Oral Maxillofac Implants
2001;16:355-66.

7. Esposito M, Grusovin MG, Coulthard P, Worthington
HV. The efficacy of various bone augmentation pro-
cedures for dental implants: A Cochrane Systematic
Review of randomized controlled clinical trials. Int J
Oral Maxillofac Implants 2006;21:696-710.

8. Von Arxt T, Cochran DL, Hermann JS, Schenk RK,
Buser D. Lateral ridge augmentation using different
bone fillers and barrier membrane application. Clin
Oral Implants Res 2001;12:260-9.

9. Von Arxt T, Cochran DL, Hermann JS, Schenk RK,
Higginbottom FL, Buser D. Lateral ridge augmentation
and implant placement: an experimental study eva-
luating implant osseointegration in different augmen-
tation materials in the canine mandible. Int J Oral
Maxillofac Implants 2001;16:343-54. 

6 MINERVA STOMATOLOGICA Mese 2010



543

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2010

F
M

ED
I

OSTHEOSYNTHESIS PLATES, SCREWS, XENOGENIC GRAFT AND RESORBABLE BARRIERS RAUSO

18. Valentini P, Abensur DJ. Maxillary sinus grafting with
anorganic bovine bone : a clinical report of long-term
results. Int J Oral Maxillofac Implants 2003;18:566-70.

19. Wallace SS, Froum SJ, Cho SC, Elian N, Monteiro D, Kim
BS, Tarnow DP. Sinus augmentation utilizing anorga-
nic bovine bone (Bio-Oss) with adsorbable and nonad-
sorbable membranes placed over the lateral window:
histomorphometric and clinical analyses. Int J
Periodontics Restorative Dent 2005;25:551-9.

20. Nkenke E, Schultze-Mosgau S, Radespiel-Troger M,
Kloss F, Neukam FW. Morbidity of harvesting of chin
grafts: a prospective study. Clin Oral Implants Res
2001;12:495-502.

21. Von Arx T, Hafliger J, Chappuis V. Neurosensory distur-
bances following bone harvesting in the symphysis: a
prospective clinical study. Clin Oral Implants Res
2005;16:432-9.

22. Simion M, Jovanovic SA, Tinti C, Benfenati SP. Long-
term evaluation of osseointegrated implants inserted at
the time or after vertical ridge augmentation. A retro-
spective study on 123 implants with 1-5 year follow-up.
Clin Oral Implants Res 2001;12:35-45.

23. Chiapasco M, Romeo E, Casentini P, Rimondini L.
Alveolar distraction osteogenesis vs. vertical guided
bone regeneration for the correction of vertically defi-
cient edentulous ridge: A 1-3 year prospective study on
humans. Clin Oral Implants Res 2004;15:82-95.

24. Merli M, Migani M, Bernardelli F, Esposito M. Vertical
bone augmentation with dental implant placement:
Efficacy and complications associated with two diffe-
rent techniques. A retrospective cohort study. Int J
Oral Maxillofac Implants 2006;21:600-6.

25. Esposito M, Grusovin MG, Worthington HC, Coulthard
P. Interventions for replacing missing teeth: Bone aug-
mentation techniques for dental implant treatment.
Cochrane Database Syst Rev 2006. Chichester, UK:
John Wiley & Sons; 2006.

26. Young MP, Carter DH, Worthington H, Korachi M,
Drucker DB. Microbial analysis of bone collected during
implant surgery: A clinical and laboratory study. Clin
Oral Implants Res 2001;12:95-103.

Vol. 59, N. MINERVA STOMATOLOGICA 7

10. Artzi Z, Dayan D, Alpern Y, Nemcovsky CE. Vertical rid-
ge augmentation using xenogenic material supported
by a configured titanium mesh: clinicohistopathologic
and histochemical study. Int J Oral Maxillofac Implants
2003;18:440-6.

11. Proussaefs P, Lozada J. Use of titanium mesh for staged
localized alveolar ridge augmentation: clinical and
histologic-histomorphometric evaluation. J Oral
Implantol 2006;32:237-47.

12. Corinaldesi G, Pieri F, Marchetti C, Fini M, Aldini NN,
Giardino R. Histologic and histomorphometric eva-
luation of alveolar ridge augmentation using bone
grafts and titenium micromesh in humans. J Periodontol
2007;78:1477-84.

13. Pieri F, Corinaldesi G, Fini M, Aldini NN, Giardino R,
Marchetti C. Alveolar ridge augmentation with titanium
mesh and a combination of autogenous bone and anor-
ganic bovine bone: a 2-year prospective study. J
Periodontol 2008;79:2093-103.

14. Merli M, Migani M, Esposito M. Vertical ridge aug-
mentation with autogenous bone grafts: resorbable
barriers supported by ostheosynthesis plate versus tita-
nium-reinforced barriers. A preliminary report of a
blinded, randomized controlled clinical trial. Int J Oral
Maxillofac Implants 2007;22:373-82.

15. Hammerle CH, Jung RE, Yaman D, Lang NP. Ridge
augmentation by applying bioresorbable membranes
and deproteinized bovine bone mineral: a report of
twelve consecutive cases. Clin Oral Implants Res
2008;19:19-25.

16. Friedmann A, Strietzel FP, Maretzki B, Pitaru S,
Bernimoulin JP. Histological assessment of augmen-
ted jaw bone utilizing a new collagen membrane com-
pared to a standard barrier membrane to protect a gra-
nular bone substitute material. Clin Oral Implants Res
2002;13:587-94.

17. Antoun H, Sitbon JM, Martinez H, Missika P. A pro-
spective randomized study comparing two techniques
of bone augmentation: onlay graft alone or associa-
ted with a membrane. Bioclin Oral Implants Res
2001;12:632-9.

L’utilizzo di placche da osteosintesi, viti, innesti xenogenici
e membrane riassorbibili nella rigenerazione ossea guidata

Una corretta quantità d’osso è un requisito neces-
sario per una favorevole correlazione impian-

to/corona, nonché per il raggiungimento di un risul-
tato estetico ottimale. L’evoluzione delle tecniche in
chirurgia implantare ha portato allo sviluppo di diver-
se metodiche atte al ripristino del volume osseo fina-
lizzato per l’inserimento degli impianti 1-5. La rige-
nerazione ossea guidata (guided bone regeneration,
GBR) è una procedura che permette la rigenerazio-
ne di osso in chirurgia implantare 6. La GBR viene
effettuata contestualmente all’inserimento degli
impianti solo quando la stabilità primaria, e la corretta
collocazione dell’impianto stesso, sono effettuabili
ma parte della superficie in titanio rimane esposta. In
questi contesti il fine della GBR è quello di coprire la

superficie implantare esposta con materiali ossei per
ragioni funzionali. Quando la quantità d’osso non
permette la preparazione di un corretto sito implan-
tare e la stabilità primaria non è raggiungibile, la GBR
deve precedere la seconda chirurgia che prevederà
l’inserimento dell’impianto.

Diverse tecniche di GBR in chirurgia implantare
sono state descritte, nonché numerosi device atti a
questo scopo: membrane riassorbibili, membrane
non riassorbibili, chiodi, placche da osteosintesi, viti,
ecc. 7.

L’osso autologo viene considerato il gold standard
per effettuare la GBR 8, 9.

Ad ogni modo, l’introduzione di nuovi materiali da
innesto ha dato alternative all’uso dell’osso autologo.
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In letteratura diversi studi sulla GBR mostrano un’al-
ta percentuale di successo utilizzando innesti auto-
loghi, alle genici, xenogenici, o differenti misture di
questi 10-13.

Gli autori conducono uno studio retrospettivo sul-
la GBR effettuata previo placche da osteosintesi, viti,
innesti xenogenici e membrane riassorbibili.

Materiali e metodi

Il campione di studio è stato di 14 pazienti (9 di ses-
so maschile, 5 di sesso femminile) parzialmente eden-
tuli trattati tutti dallo stesso chirurgo presso una clinica
odontoiatrica privata in Italia. L’età dei pazienti oscil-
lava tra i 28 e i 52 anni. I criteri di esclusione sono sta-
ti: controindicazioni generali alla chirurgia implanta-
re, pregressa irradiazione del distretto cervico.cefali-
co, scarsa igiene orale e/o motivazione, diabete incon-
trollato, gravidanza o lattazione, abuso di droghe o far-
maci, fumatore di più di 10 sigarette al giorno.

In ogni caso è stata effettuata una procedura di
GBR, durante l’inserimento degli impianti (WINSIX
Implant System, WINSIX L.T.D., Londra, UK) o in
una chirurgia preimplantare, previo l’utilizzo di plac-
che da osteosintesi e viti dal diametro di 1,5 mm
(Syntesis, Nuova GEASS S.r.l., Udine, Italia), mate-
riale da innesto xenogenico (Bio-Oss, Geistlich AG,
Wolhussen, Svizzera) e membrane riassorbibili (Bio-
Gide, Geistlich AG, Wolhussen, Svizzera).

Le caratteristiche dei pazienti sono riassunte nella
Tabella I.

La programmazione prechirurgica è stata effettua-
ta previo una TC Dental Scan facendo indossare al
paziente, quando possibile, una dima diagnostica
costruita sul modello di studio montato dopo la rile-
vazione dell’arco facciale.

Tutti i pazienti hanno ricevuto una terapia anti-
biotica profilattica con amoxicillina e acido clavula-
nico (Augmentin, GLAXOSMITHKLINE S.p.a., Verona,
Italia) somministati per via orale , due volte al gior-
no per sei giorni, partendo sei ore prima dell’inter-
vento.

L’anestesia loco-regionale è stata indotta con arti-
caina ed adrenalina (Septanest with Adrenalin 1/100
000, Septodont, Saint-Maur-des-Fossès, Francia).

Un lembo muco-periosteo a tutto spessore è stato
scolpito per esporre l’area da rigenerare. Sono state
effettuate incisioni di rilascio laterali. La scelta della
lunghezza e del diametro dell’impianto da utilizzare
sono state lasciate al chirurgo in accordo alla pro-
grammazione prechirurgica. Gli impianti sono stati
inseriti seguendo le indicazioni dell’azienda manifat-
turiera. Il diametro degli impianti usati andava da 3,8
a 5,2 mm, le lunghezze erano di 7, 9, 11, 13 e 15
mm. Le caratteristiche degli impianti utilizzati e l’area
d’inserimento sono riassunte nella Tabella II.

Il chirurgo ha tagliato e modellato nella forma
desiderata 1 o 2 placche da osteosintesi, per sorreg-
gere l’area da rigenerare, le placche sono state fissa-

te con delle viti. Il Bio-Oss miscelato con ceftriaxone
bisodico (Rocefin, Roche S.p.a., Milano, Italia) è sta-
to usato come materiale da innesto.

L’innesto è stato modellato per coprire completa-
mente l’impianto inserito o per riempire il sito nel-
l’altezza e larghezza desiderata per il successivo inse-
rimento implantare in un secondo tempo chirurgico.
Due membrane riassorbibili bagnate con ceftriaxone
bisodico hanno coperto l’innesto. Le membrane sono
state modellate e posizionate in maniera tale da evi-
tare il contatto con la dentatura adiacente.

Le membrane riassorbibili non sono state fissate
con miniviti o chiodi ma sono state lasciate giacere sul-
le placche da osteosintesi ben stabilizzate. Le due
membrane sono state applicate l’una sull’altra.
Incisioni di rilascio periostale sono state effettuate
per garantire una corretta chiusura dei lembi d’ac-
cesso. I lembi sono stati suturati con dei punti tipo
materassaio orizzontale modificato sec. Laurell (5-0)
e suture singole intercalate (5-0) (Vicryl rapid, Johnson
& Johnson International, Belgio) fino al corretto sigil-
lo dei lembi d’accesso.

I pazienti sono stati istruiti sull’uso di sciacqui ora-
li con collutorio a base di delmopinolo idrocloride
(Decapinol collut. 3000 Ml, Dompè S.p.a., L’Aquila,
Italia) e l’applicazione di un gel a base di aminoaci-
di e sodio jaluronato (Aminogam gel, Professional
Dietetics S.r.l., Milano, Italia) per tre volte al giorno,
per 20 giorni.

Sono anche stati istruiti sulle modalità di igiene
orale da effettuare a casa, evitando spazzolamento sui
siti chirurgici, de evitando di fumare per qualche gior-
no nel post-operatorio. Sono stati prescritti farmaci
anti-dolorifici (Synflex forte 550 mg, Recordati S.p.a.,
Milano, Italia), due volte al giorno per i primi quattro
giorni postoperatori e poi solo al bisogno. Impacchi
di ghiaccio sono stati dati al paziente, nel post-ope-
ratorio, da appoggiare sulla zona trattata. Le suture
sono state rimosse in media dopo 12 giorni. I pazien-
ti sono giunti a controllo in seconda, quinta, ottava e
dodicesima giornata nel post-chirurgico, dopo di che
una volta ogni 15 giorni. Dopo 15 giorni dall’inter-
vento è stata effettuata un’OPT per il controllo del cor-
retto inserimento degli impianti e/o delle placche da
osteosintesi.

Il secondo tempo chirurgico, per esporre la testa
degli impianti o per l’inserimento degli stessi dopo l’ot-
tenimento dell’incremento osseo programmato, è sta-
to effettuato in media sette mesi dopo.

Se l’inserimento dell’impianto era stato effettuato
dopo una GBR preimplantare, il carico è stato effet-
tuato considerandolo un sito non-rigenerato (tre mesi
per la mandibola, sei mesi per il mascellare superio-
re).

Risultati

Nessun paziente è uscito dal campione di studio.
Ventuno impianti sono stati inseriti e nessuno è falli-
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re che problemi infettivi siano comuni all’uso di mem-
brane non riassorbibili.

Uno studio clinico retrospettivo su 32 pazienti trat-
tati per rigenerazione ossea orizzontale e verticale
previo l’utilizzo di bone chip autologhi e membrane
non riassorbibili rinforzate in titanio ha dimostrato
come la rigenerazione può essere considerata un fal-
limento in termini di quantità d’osso rigenerata in
quattro pazienti su sei ove ci sia stata esposizione
delle membrane 22. In un altro trial clinico rando-
mizzato 23, un gruppo di 11 pazienti sono stati trattati
per rigenerazione verticale ossea previo l’utilizzo di
membrane rinforzate in titanio. In tre pazienti le mem-
brane si sono esposte. In due di questi le membrane
sono state rimosse poche settimane dopo l’interven-
to, e la quantità d’osso rigenerata fu parzialmente
compromessa. Dalla letteratura scientifica è possibi-
le notare un insuccesso variabile tra il 9% e il 17% nei
pazienti trattati per rigenerazione ossea verticale pre-
vio l’utilizzo di bone chip autologhi e membrane non
riassorbibili rinforzate in titanio 22-24.

Nel presente studio i risultati sono stati differenti da
quelli riportati da Merli et al. 14; gli autori riportano un
successo del 100% in termini di osso rigenerato; Merli
et al. hanno riportato una rigenerazione ossea com-
pleta nell’81% dei casi, a causa di tre ascessi.
Probabilmente la differenza è legata dal materiale da
innesto utilizzato; Merli et al. hanno utilizzato osso
autologo prelevato previo l’utilizzo di un grattino per
osso montato su aspiratore. In effetti, in una recente
revisione sistematica della Cochrane 25, dove si valu-
tava l’efficacia delle diverse tecniche d’incremento
osseo, si ipotizza che l’allestimento di bone chip auto-
loghi previo grattini per osso possa essere associato
ad un aumentato tasso d’infezione. Di fatti è noto
che una considerevole quantità di batteri possono
essere rinvenuti tra i bone chip allestiti con grattini per
osso 26.

Conclusioni

Dai risultati di questo studio, sebbene il numero di
pazienti sia troppo esiguo per dettare delle linee gui-
da, è possibile affermare che la GBR eseguita con
placche da osteosintesi, viti, innesti xenogenici e
membrane riassorbibili sia una valida alternativa alle
altre tecniche ben documentate, evitando la morbilità
dell’allestimento di un secondo sito chirurgico per il
prelievo di osso autologo e senza problemi legati
alla contaminazione del sito chirurgico; in fatti, anche
se nel 71% dei casi c’è stata una esposizione delle
placche da osteosintesi, e nel 14% la deiscenza del-
la ferita chirurgica, una corretta quantità di osso rige-
nerato è stata osservata in tutti i casi.

Riassunto

Obiettivi. La rigenerazione ossea guidata (guided
bone regeneration, GBR) è una procedura che per-
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to, tutte le protesi progettate sono state applicate. In
tutti i casi una completa rigenerazione ossea è stata
ottenuta (Figure 1, 2). In tutti i casi le placche e le viti
sono state rimosse nel ri-entro chirurgico. La deie-
scenza della ferita chirurgica è stata notata in due
casi; è stata trattata solo previo applicazioni di gel di
clorexidina e il risultato della rigenerazione ossea
non è stato compromesso. In 10 casi su 14 si è veri-
ficata esposizione delle placche di osteosintesi (Figura
3), nessun trattamento è stato necessario; questi devi-
ce sono stati lasciati in situ fino al secondo tempo chi-
rurgico senza alcun problema.

Discussione

Questo studio è stato effettuato per valutare l’effi-
cacia della GBR effettuata con placche da osteosintesi,
viti, innesti xenogenici e membrane riassorbibili. Uno
studio simile fu condotto da Merli et al. per valutare
l’efficacia della rigenerazione ossea verticale usando
bone chip autologhi coperti da placche da osteosin-
tesi e membrane riassorbibili 14.

Merli et al. nel loro studio, hanno comparato que-
sta tecnica di GBR con quella effettuata previo l’uti-
lizzo di bone chip autologhi e membrane non-rias-
sorbibili rinforzate in titanio. Nessuna differenza sta-
tistica in termini di quantità d’osso rigenerato e nume-
ro di complicanze è stato registrato tra le due tecni-
che.

Diversi studi hanno dimostrato che la combina-
zione di osso bovino de-proteinizzato (DBBM) e
membrane di collagene esitano in successo nella rige-
nerazione ossea di difetti ossei anche ampi 10, 15.
Dopo sette mesi di guarigione, l’analisi istologica
qualitativa e quantitativa non rileva differenze usan-
do DBBM coperte da membrane in collagene o DBBM
coperte da membrane non-riassorbibili 16.

In questo studio, il tempo trascorso tra la rigene-
razione e il rientro chirurgico è stato di sette mesi in
media. Questo periodo è circa tre-quattro mesi più
lungo comparandolo a uno studio umano usando
osso autologo per la rigenerazione ossea 17. Studi
clinici e istologici sull’uso di DBBM senza osso auto-
logo hanno mostrato tempi di guarigione più lunghi,
tra i 7 e i 10 mesi 16, 18, 19. In accordo con questi stu-
di, con gli esami radiografici e con l’evidenza clinica,
un periodo di guarigione di sette mesi in media, è sta-
to scelto per questo studio.

Uno dei maggiori vantaggi nell’uso di DBBM, i.e.,
applicando biomateriali per supportare le membrane
riassorbibili, sta nell’evitare la morbilità associata nel-
l’allestire un secondo sito chirurgico per il prelievo di
osso autologo 20, 21. Questo è un beneficio significa-
tivo per il paziente e rappresenta un importante pas-
so per lo sviluppo delle tecniche di GBR.

L’uso delle placche da osteosintesi come mante-
nitori di spazio, evitando così l’uso di membrane
non-riassorbibili rinforzate in titanio, riduce il rischio
di infezione. La letteratura a riguardo sembra indica-
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RAUSO OSTHEOSYNTHESIS PLATES, SCREWS, XENOGENIC GRAFT AND RESORBABLE BARRIERS

mette la rigenerazione ossea in chirurgia implantare.
Diverse tecniche di GBR sono state descritte e diver-
si devices sono stati usati per questo scopo. Gli auto-
ri conducono uno studio retrospettivo sull’uso di
placche da osteosintesi, viti, innesti xenogenici e
membrane riassorbibili per effettuare GBR.

Metodi. Quattordici pazienti parzialmente edentu-
li sono stati trattati da un singolo chirurgo in una cli-
nica odontoiatrica privata in Italia. L’età dei pazienti
era compresa tra i 28 ed i 52 anni. In ogni paziente è
stato effettuato un trattamento di GBR previo l’utiliz-
zo di placche da osteosintesi, viti, innesti xenogeni-
ci e membrane riassorbibili.

Risultati. Ventuno impianti sono stati inseriti, nes-
suno è fallito e le protesi programmate pre-operati-
vamente sono state applicate con successo. In tutti i
casi la rigenerazione ossea, pre-operatoriamente pro-
grammata, è stata ottenuta.

Conclusioni. Dai risultati dello studio è possibile
affermare che la GBR effettuata previo placche da
osteosintesi, viti, innesti xenogenici e membrane rias-
sorbibili e una alternativa affidabile e sicura alle altre
ben consolidate tecniche di GBR.

Parole chiave: Rigenerazione guidata dei tessuti -
Impianti dentali - Rigenerazione ossea.

10 MINERVA STOMATOLOGICA Mese 2010
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 DDIIFFEETTTTII  DDII  SSPPEESSSSOORREE  CCRREESSTTAALLII ::  UUTTIILLIIZZZZOO  DDEELLLLAA  TTEECCNNIICCAA  SSPPLLIITT  CCRREESSTT  
Marcelli B., Delli Carpini A.,,Coccia E., Procaccini M. (Università Politecnica delle Marche, Istituto di Scienze 

Odontostomatologiche - Direttore Prof. M. Procaccini) 
INTRODUZIONE 
Il posizionamento di impianti in zone edentule è, in alcuni casi, condizionato da insufficiente spessore delle creste 
ossee. In presenza di tali atrofie, il ridotto volume osseo in senso vestibolo-palatale riduce la possibilità di un corretto 
posizionamento degli impianti. Con lo split crest si espande lo spazio compreso tra le due corticali; si inseriscono, 
così, 
impianti di più largo diametro con indubbi vantaggi di tipo biomeccanico e funzionale. Inoltre, inserire impianti di 
diametro vicino a quello del dente naturale favorisce anche l’estetica nella successiva fase di protesizzazione. Nel caso 
di creste molto esili, è alto il rischio di fenestrazioni e deiscenze durante la preparazione del sito, con conseguente 
esposizione delle spire implantari, che richiederebbe il ricorso a tecniche chirurgiche rigenerative per la copertura di 
queste zone che aumentano i tempi di intervento e le complicanze. 
OBBIETTIVI 
Con la tecnica dello split crest la correzione del difetto è finalizzato all'aumento preventivo della cresta ossea, in modo 
che l'inserimento degli impianti avvenga in condizioni favorevoli. È indicata principalmente per la correzione di difetti 
di ampiezza in cui lo spessore osseo è tra 1,5 e 3,5 mm. La tecnica dello split crest richiede molta manualità da parte 
dell’operatore e tempi lunghi di guarigione; durante l’esecuzione dell’intervento è fondamentale evitare la frattura secca 
della corticale che esporrebbe il frammento a necrosi. 
MATERIALI E METODI 
Scopo del lavoro è effettuare una rewiev dei casi clinici di 1O pazienti adulti che presentavano marcata atrofia delle 
creste alveolari (spessore variabile da 1,5 a 2,5mm) confermata da esami radiografici dedicati (TC) e edentulia di 1-3 
elementi. In totale sono stati inseriti, con l’aiuto di un dispositivo piezoelettrico (Easy Surgery®) 25 impianti 
Winsix®, 
a superficie SLA, 12 superiori e 13 inferiori, tutti nella zona dei premolari e molari. I pazienti sono stati sottoposti ad 
anamnesi medica e odontoiatrica per escludere malattie sistemiche importanti e informati sulle procedure e le possibili 
complicanze e alternative. Sulla base delle cerature diagnostiche, sono state ricavate le mascherine chirurgiche che 
hanno permesso di valutare l'entità della dislocazione della corticale vestibolare, in modo da ottenere il posizionamento 
e l'emergenza ottimali delle fìxture implantari in rapporto ai futuri elementi protesici. Dopo l'intervento i pazienti hanno 
assunto terapia con FANS associati all'assunzione ogni 12 ore per 5 giorni di 1 g di amoxcillina e acido clavulanico e 
istruiti sull’igiene domiciliare, da effettuare con detersione accurata della zona d’intervento e sciacqui con clorexidina 
allo 0,2% per 7 giorni. I controlli erano programmati una volta al mese, fino alla scopertura degli impianti, a 4 mesi e 
alla protesizzazione definitiva, dopo ulteriori 2 mesi..   In nessun caso ci sono state complicanze intra e postoperatorie. Al 
controllo a 3 anni il riassorbimento osseo intorno agli impianti inseriti nella zona trattata era valutabile, 
radiograficamente, in media, in 1 mm, equivalente a quello di impianti inseriti in osso maturo. L’adattamento dei 
tessuti 
molli soddisfaceva le richieste estetiche. In nessuno dei casi di era verificata perdita di impianti. 
RISULTATI E CONCLUSIONI 
La tecnica piezoelettrica ha consentite un espansione più sicura e meno traumatica, grazie al taglio micrometrico. La 
riparazione ossea e l’osteointegrazione degli impianti si sono dimostrati ampiamente soddisfacenti; nelle fasi di rientro 
il guadagno osseo in ampiezza era evidente e le creste ossee apparivano rimineralizzate. Anche le condizioni dei tessuti 
molli sono risultate ottimali. Tutto questo ha permesso una eccellente prognosi della riabilitazione implantoprotesica, 
confermata dalla stabilità del risultato a tre anni e dal successo dell’integrazione pari al 100%. 
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Analisi retrospettiva a quattro anni degli esiti di 
trattamento implanto-protesico eseguiti con 
sistematica Winsix®

S. Zandonella Necca, F. Bova, E. F. Gherlone

Sono stati considerati 409 pazienti che nel periodo compreso tra marzo 2006 e marzo 

2010 si sono sottoposti a riabilitazione implanto-protesica presso l’Unità Operativa 

di Odontoiatria dell’I.R.C.C.S San Raffaele di Milano. Complessivamente in questi 

pazienti sono stati posizionati 1438 impianti Winsix® tutti a superficie BioActive 

Covering SLA®. Parte di questi pazienti (209), successivamente al carico degli 

impianti, sono afferiti al programma di mantenimento implantare attivato presso il 

Centro di Igiene Orale e Prevenzione attivato presso la stessa U.O. di Odontoiatria.

Per ciascun paziente si è proceduto ad analizzare i livelli di esposizione ai fattori di 

rischio noti per la malattia perimplantare (pregressa parodontite, scarsa igiene orale, 

diabete, tabagismo, assunzione di bevande alcoliche).

Nei pazienti sottoposti a mantenimento è stato possibile rilevare, per ogni impianto, 

l’insieme dei parametri clinici e tecnici atti a determinare lo stato di salute del sito 

implantare (profondità di sondaggio, sanguinamento al sondaggio, segni radiografici 

di riassorbimento dell’osso di supporto, mobilità).

Analisi dei  dati. Su 1438 impianti posizionati, 32 sono andati incontro a fallimento, 

fermando al 2,4% l’incidenza di fallimento (Grafico 1). In 6 casi il fallimento si è C
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verificato in pazienti dediti al tabagismo ed in altri 12 in pazienti con storia di 

pregressa parodontite. 

Restringendo l’analisi ai pazienti sottoposti a programma di mantenimento (209 

pazienti e 682 impianti), l’incidenza di fallimento scende all’1,6% (11 impianti 

falliti) (Grafico 2). Il sondaggio in 6 punti di questi siti implantari ha permesso di 

valutare che solo il 15% di essi presentano PPD ≥ 4mm (Grafico 3).

Inoltre, su 682 impianti in mantenimento, in 33 casi è presente perimplantite, in 309 

mucosite ed i restanti 340 siti sono in condizione di salute perimplantare (Grafico 4).

Analizzando infine i dati relativi ai valori medi di indice di placca (PI) e di 

sanguinamento (BOP) secondo O’Leary, sono state individuate sostanziali differenze 

tra i pazienti in mantenimento che hanno sofferto fallimento implantare e non. I 

primi mostrano valori medi di PI e BOP rispettivamente maggiori del 24,8% e del 

9% (Grafico 5).

Grafico 1. Incidenza di fallimento nell’intero campione
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Grafico 2. Incidenza di fallimento nei gruppo dei pazienti in mantenimento

Grafico 3. PPD negli impianti sottoposti a mantenimento

Grafico 4. Mucosite e perimplantite nel gruppo dei pazienti in mantenimento
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Grafico 5. Valori medi di PI e BOP tra i pazienti in mantenimento andati incontro a 

fallimento implantare e non 

Conclusioni. Il trattamento della malattia perimplantare non è risolutivo nel caso in 

cui si manifesti in forma di perimplantite. Inoltre, i tessuti perimplantari sono più 

suscettibili alla lesione infiammatoria rispetto ai tessuti parodontali. Sulla scorta di 

queste considerazioni appare quindi evidente l’importanza di inserire i pazienti 

riabilitati con implanto-protesi in un programma di mantenimento che sia occasione 

utile a prevenire ed intercettare tempestivamente la comparsa di fenomeni  

infiammatori dei tessuti perimplantari e parimenti l’insorgenza di problematiche 

meccaniche localizzabili ai dispostivi implantari e/o protesici. L’abbattimento del 

tasso di incidenza di fallimento osservato nell’ambito di questo studio, benchè non 

siano stati indagati i fenomeni microbiologici alla base di questo risultato, può essere 

ritenuto probatorio dell’efficacia di un simile atteggiamento clinico. 
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Effect of Implant Angulation, Connection Length,
and Impression Material on the Dimensional
Accuracy of Implant Impressions: An In Vitro
Comparative Study
Roberto Sorrentino, DDS, MSc, PhD;* Enrico Felice Gherlone, MD, DDS;† Gaetano Calesini, MD, DDS;‡

Fernando Zarone, MD, DDS§

ABSTRACT

Background: With regard to implant-supported prostheses, to date no technique has been proven to guarantee a completely
passive fit of prosthetic frameworks. Several clinical variables may affect the precision of impressions, particularly in the
presence of implants.

Purpose: To compare the accuracy of implant impressions made with different materials, lengths of impression coping
connections, and not parallel position of the implants.

Materials and Methods: A calibrated testing device allowing reproducible standardized positions was used. Two control
groups of master models and eight experimental groups with predetermined undercuts were used to make addition silicon
and polyether implant impressions by means of the open-tray pick-up technique. Four reference distances were evaluated
on each study cast by using a profile projector and a standardized measurement protocol. The data were statistically
analyzed by means of three-factor analysis of variance.

Results: The impressions made in the presence of angulated implants were significantly less accurate than the ones made
with parallel implants. The tested addition silicon resulted advantageous in presence of nonparallel implants whereas the
polyether achieved the best results with parallel implants and standard impression copings.

Conclusions: The angulation of the implants may cause strains of impressions, probably because of the higher forces
required for the impression removal. Moreover, undercuts negatively affected the impression accuracy. More accurate casts
were obtained using the tested addition silicon in the presence of nonparallel implants and using a standard length
connection of the copings in the presence of parallel implants, respectively.

KEY WORDS: dimensional accuracy, implant, implant angulation, impression, impression accuracy, impression coping,
impression material, impression technique, parallel implants, prosthodontics

INTRODUCTION

Impression making is a critical clinical step to record

accurately the three-dimensional intraoral relationships

among implants, teeth, and adjacent structures.1–4 Inac-

curacies during impressions inevitably lead to labora-

tory errors resulting in lack of precision and misfit of

prostheses, particularly in fixed and implant-supported

prosthodontics.4–6

Differently from natural teeth, osseointegrated

implants have no periodontal ligament to compensate

for any inaccuracy, only showing a minimal mobility

caused by the elasticity of bone tissues.3,5 Consequently,

recording the intraoral three-dimensional position of

implants is a more critical task in the realization of
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implant-supported than in tooth-supported prostheses

to ensure an accurate relationship on the master cast.2,4,7

Although it is not possible to be clinically high-

lighted, the fit of a restoration can be considered

“passive” if it does not create static loads within the

prosthetic system or in the surrounding bone tissue.2,6 It

is nowadays accepted that prosthetic misfit is likely to

increase the incidence of mechanical complications,

just like occlusal discrepancies, screw, and abutment

loosening and fracture of the prosthetic or implant

components.2,8–11 Moreover, marginal discrepancies

caused by the misfit might enhance plaque accumula-

tion, affecting soft and/or hard tissues around the

implants.12,13 As to biologic complications, the effect of

misfit on the bone tissue around the implants is still

controversial.14,15 To date, most of the authors are prone

to consider the passive fit of the prostheses as an advan-

tageous factor for the long-term serviceability of the

restorations; as a consequence, the importance of an

accurate impression is paramount.4,16–20

Several studies investigated the variables affecting

the accuracy of impression procedures in implant pros-

thodontics, such as the different direct or indirect

impression techniques, the use of different impression

materials, splinting or surface treatment of impression

copings, the relative implant angulation, the die

material accuracy, and master cast realization.21–31

As regards framework making, to date, no method has

been described in the literature to achieve consistent

results in terms of a completely passive fit.14,15,32 Dis-

tortions could be partially compensated using intraoral

luting procedures.33 Furthermore, several techniques

have been proposed to reduce the distortion of the

implant-supported frameworks, such as the electric

discharge machining, the laser welding procedures, the

computer numeric-controlled milled titanium frame-

works and the computer-aided design–computer-aided

manufacturing technologies.32–40 As to the impression

procedures, most of the researchers reported the

open-tray pick-up technique to be more precise and

predictable than the closed tray technique using

repositionable copings.9,23,41,42 Nonetheless, the open

tray technique may present some disadvantages, like

the possible imprecise positioning of the cop-

ings caused by, for example, vertical or rotational

discrepancies.43–45

Most of the in vitro studies evaluated how to

improve the impression accuracy in ideal conditions,

with parallel implants,1,22,41,42,46,47 whereas fewer investi-

gations were performed to assess the effect of nonparal-

lel implants on the final precision of the impression21,45,48

and the influence of subgingival implant placement on

the dimensional accuracy of casts.4

As to the impression materials, both

polyethers9,41,45,49–56 and addition silicons (vinyl polysi-

loxanes [VPSs])1,42,52,53,57 have been addressed to be

suitable as impression materials for multiple implant

restorations, keeping the thickness of such elastomeric

materials as uniform as possible48 and, at the same time,

using more rigid trays to reduce the risk of impression

distortions.16,50,58,59

The purpose of the present in vitro study was to

analyze the effect on the pick-up impression accuracy of

two different variables: the length of the internal hex

connections of the impression copings, and the angula-

tions of the implants. At the same time, a comparison

between two elastomeric impression materials (i.e., a

polyether and a VPS) was done.

Three null hypotheses were tested:

(1) There would be no significant differences in the

accuracy of the implant impressions among the

groups with different impression materials.

(2) There would be no significant differences in the

accuracy of the implant impressions among the

groups with different lengths of the coping internal

hex connection.

(3) There would be no significant differences in the

accuracy of the implant impressions among the

groups with different angulation of implants.

MATERIALS AND METHODS

Testing Device Construction

A stainless steel testing device previously developed by

Sedda and colleagues60 was used. It was made up of four

parts: a base, a master model, an impression carrier, and

a pouring carrier. The device was easily and consistently

assembled and dissembled because of an accurate

mechanical coupling system.

The base was a stainless steel quadrangular block

on which three pins were welded to precisely couple

into three holes drilled on each stainless steel standard

tray with a numerical control machine (accuracy

10.01 mm). On such a base, four studs allowed the

carrier holding the master model to slide onto the

impression trays. To leave a thickness of 3 mm of

2 Clinical Implant Dentistry and Related Research, Volume *, Number *, 2009
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impression material between the top of the impression

copings and the tray, four stainless steel spacers were

machined and positioned on the studs of the base.

The impression carrier consisted of a stainless steel

quadrangular plate on which the master model was

secured by means of three screws (Figure 1). The spatial

position of the master model was designed in order to

match the corresponding impression tray on the base of

the testing machine.

The pouring carrier consisted of a stainless steel

quadrangular plate on the surface facing the base of

which four trapezoidal grooves were realized. Such

grooves aimed at maintaining the cast obtained from the

impression in a stable and repeatable position.

At the corners of both the impression and the

pouring carriers, four holes were drilled with a numeri-

cal control machine (accuracy 10.01 mm) in order to

match the studs of the base and allow the master model

to slide onto the impression trays in a constant and

reproducible standardized position.

Typodont Construction

Two master models were realized following the same

laboratory procedures. Each master model was obtained

by duplicating an ideal maxillary arch (AG-3 DA

Standard Typodont, Frasaco, Greenville, NC, USA) from

which all teeth but the second premolars, the first, and

the second molars had been removed. The residual

sockets were filled with wax so that an anterior partially

edentulous ridge was obtained; then an impression with

an addition silicon (Elite® Double 22 Fast, Zhermack,

Badia Polesine, Italy) was taken to duplicate each master

model, and a first working cast was made by pouring

into a preformed mold a type III dental stone (Elite®

Model Fast, Zhermack), which was vacuum mixed using

a mechanical spatulator (Whip Mix Combination Unit,

Whip Mix Corporation, Louisville, KY, USA), and was

allowed to set according to the manufacturer’s instruc-

tions. Using a dedicated machine provided with screws

blocking a stainless steel probe, the standardized posi-

tions of four implant analogues were defined. By means

of a vertical milling machine (Alliant vertical milling

machine, Alliant, Cincinnati, OH, USA), four holes were

cut on both the master models matching the diameter

and the length of four 3.3 ¥ 13-mm standard implant

steel analogues (Winsix Implant System, BioSAF,

Assago, Italy). The holes were drilled at the top of the

edentulous ridge, two with the mesial margin at 2.5 mm

from the midline, the other two with their mesial

margins at 7 mm from the distal margin of the first ones.

The four implant analogues were then secured with

cyanoacrylate (910 Metal Bonding General Purpose,

Permabond, Pottstown, PA, USA) to each model.

Silicon indexes were used to duplicate each master

model and create a second working cast per model as

previously described. A gold-alloy cast framework was

fabricated for each model and secured to the apical

portion of the implants by means of small amounts of

pattern resin (Pattern Resin LS, GC Corporation, Tokyo,

Japan), in order to block the implant analogues as rigidly

as possible minimizing any micromovement during the

laboratory procedures (Figure 2).

In the next step, some anatomical undercuts were

simulated in the experimental models: the interproximal

embrasures between the second premolars and the first

and the second molars had been created with a diamond

bur; at the same time, a ball-shaped diamond bur with a

diameter of 6 mm was used to create a ridge undercut at

a distance of 5 mm from the top of the maxillary crest

extended from the mesial aspect of tooth 16 to the

mesial aspect of tooth 26 and 3-mm deep, breaking the

ball-shaped bur through the dental stone for half of its

diameter (Figure 3).

The orientations of the holes holding the implant

analogues were different in the two master models: in

the master model named CTR1, the longitudinal axes of
Figure 1 The master model screwed onto the impression
carrier of the testing device.

Implant Angulation, Connection Length, and Impression Material 3
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implant analogues were parallel to each other and per-

pendicular to the edentulous plane of the typodont

(Figure 4). Conversely, in the master model named

CTR2, the longitudinal axes of the anterior implant ana-

logues had 5° convergence toward the midline whereas

the longitudinal axes of the posterior implant analogues

had 5° divergence away from the midline (Figure 5),

thus simulating a less than ideal clinical implant posi-

tioning. The differing angle holes were cut with a preci-

sion angle block placed in the vice holding the casts.

After checking the correct position and angulation

of implant analogues, two definitive casts were fabri-

cated by duplication of the second working models

using a fast heat-curing transparent acrylic resin

(Prothyl Gnathus, Zhermack) whose elastic modulus

was the average between those of cortical and spongy

bone. In the definitive casts no more implant analogues

but 3.3 ¥ 13 mm non-submerged standard implants

with an internal hex connection (Winsix Implant

System, BioSAF) were used. The four implants in each

model were sequentially numbered 1 through 4 from left

to right.

The two final master models were labeled and pre-

pared for impressions.

Impression Tray Design

A total of 80 stainless steel standard stock trays were

used for the study.58,59 In each tray, seven holes were

Figure 2 The gold cast framework secured by means of pattern
resin rigidly blocking the implants.

Figure 3 Bone undercut (red arrows) at a distance of 5 mm
from the top of the maxillary crest extended from the mesial
aspect of tooth 15 to the mesial aspect of tooth 25 and 3-mm
deep created by means of a ball-shaped diamond bur with a
diameter of 6 mm.

Figure 4 The master model CTR1: the longitudinal axes of
implants were parallel to each other and perpendicular to the
edentulous plane of the typodont.

Figure 5 The master model CTR2: the longitudinal axes of the
anterior implants had 5° convergence toward the midline
whereas the longitudinal axes of the posterior implants had 5°
divergence away from the midline.
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drilled with the aid of a numerical control machine

(accuracy 10.01 mm). Three holes out of seven were

realized to perfectly match the pins welded on the base

of the testing machine to secure the impression trays in

a unique and repeatable position. The other four holes

were opened above the impression copings of the master

model in order to allow an access to the corresponding

coping screws; the position of such holes was deter-

mined using silicon indexes. Each hole was 2 mm wider

than the impression coping screw diameter.

Each tray was measured and a performance test

was rendered to ensure full coupling of the mechanical

components.

Impression Procedure

On the basis of the type of impression material used, of

the connection length and of the implant reciprocal

angulation, two control groups and eight experimental

groups were considered as shown in Table 1. A sample

size of 10 was used in groups 3 to 10, yielding a total of

80 impressions, as described in the following discussion.

As to the impression materials, a polye-

ther9,41,45,49,51–56 (Impregum Pentatm, 3M ESPE, Seefeld,

Germany) and an addition silicon1,42,52,53,57 (Elite®

Implant, Zhermack) were selected for the test; both

of them were medium consistency (55 shore-A). The

impression materials had been stored at 23 1 1°C and

50 1 10% relative humidity in a temperature-controlled

room until the tests were performed;60 all the procedures

were carried out in the same experimental conditions.

The impression protocol was standardized as

follows. Each tray was locked on the base of the testing

machine and was coated with the dedicated adhesive for

the polyether (polyether adhesive, 3M ESPE) or for the

addition silicon (Universal Tray Adhesive, Zhermack) 1

hour before each impression was made. Each control

model, in turn, was screwed on the impression carrier.

Eighty sets of four 15-mm metal squared pick-up

copings (Winsix Implant System, BioSAF) were used to

make the impressions. Two different lengths of the hex

connection part of the coping were used (Figure 6): one-

half of the sets were provided with the 2 -mm standard

connection part (the same height of the coupling part of

definitive abutments) whereas in the other group the

copings were custom-made with a shorter insertion con-

nection, 1-mm long, as recommended by the manufac-

turer. All impression copings were secured with 22 mm

flat-head screws on the implants using a torque wrench

calibrated at 15 Ncm; then, the copings were coated with

the adhesive dedicated to the impression material used

for each set of copings as previously described. Particu-

lar care was dedicated to ensure that all components

were properly oriented and completely seated.

A stop clock was used to record the necessary time

to load and level the impression material in the tray, load

a disposable syringe (Ultradent Products, South Jordan,

UT, USA), inject the impression material around the

copings, seat the tray on the base of the testing machine,

and allow for full setting of the impression material.

Forty medium-consistency polyether impressions

and forty medium-consistency addition silicon

TABLE 1 Description of the Experimental Groups

Group Axis Transfer Material

1 Parallel CTR1

2 Nonparallel CTR2

3 Parallel Shortened Impregum

4 Parallel Standard Impregum

5 Nonparallel Shortened Impregum

6 Nonparallel Standard Impregum

7 Parallel Shortened Elite Implant

8 Parallel Standard Elite Implant

9 Nonparallel Shortened Elite Implant

10 Nonparallel Standard Elite Implant

Figure 6 Left panel: the 2-mm standard length impression
coping (the same height of the coupling part of the definitive
abutments). Right panel: the 1-mm shortened length
impression coping.

Implant Angulation, Connection Length, and Impression Material 5
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impressions were made in accordance to the manufac-

turer’s directions.

The polyether was machine-mixed (Pentamixtm 2,

3M ESPE) whereas the addition silicon was dispensed by

means of the respective auto-mixing cartridge. For each

impression, 12 mL of the material were meticulously

syringed around and over the copings to ensure a com-

plete coverage of the copings themselves; 35 mL of the

same material were used to load and level the impression

tray. A whole cartridge of the addition silicon was used

(i.e., 50 mL); similarly, the same amount of polyether

was calculated by marking the level indicator of the

mixing machine.

The impression carrier of the testing machine was

lowered over the impression tray until it was completely

seated on the spacers positioned on the studs of the base

and the tips of the copings protruded through the tray

holes. A circular piece of steel weighing 1.5 kg was place

onto the impression carrier to standardize the seating

load for each impression.61,62 The materials were allowed

to polymerize for 12 minutes after the start of mix, twice

the manufacturer’s recommended setting times to com-

pensate for room temperature (23°C), always lower than

the intraoral temperature.16

Once set, the impression material was trimmed at

the border of the tray before the removal to allow boxing

of the impressions during pouring. The master model

was gently separated from the impression and the latter

from the base of the testing machine. Despite the type of

impression material, the copings were exposed by means

of a blade and removed after the material was com-

pletely set, so that they remained in the impression when

the tray was gently separated from the model.

The impressions were inspected by means of a ste-

reomicroscope (OPMI PROergo, Carl Zeiss, Arese, Italy)

under ¥2.5 magnification: if any inaccuracy was identi-

fied, such as nonhomogeneous mix of the impression

materials or air voids, the impression was repeated.

Cast Production Procedure

Six hours after the impression, they were rinsed under

tap water for 10 seconds, gently dried, and then coated

with disinfectant (Sterigum, Zhermack) and surfactant

(Tensilab, Zhermack), following the manufacturer’s

instructions. Then, the screws were placed back into the

impression copings from the top of the tray; an implant

analogue was connected and tightened to the copings by

means of a calibrated driver. Finally, each impression

was locked again on the base of the testing machine.

Block-out material (Wonderfill, Dental Creations

Ltd., Waco, TX, USA) was used to block out the junction

between the impression copings and implant analogues,

in order to easily remove the cast.4

Then, 115 g of type III gypsum powder (Elite®

Model Fast, Zhermack) were mixed with 35 mL of

distilled water using an electronic vacuum mixing

machine (Twister Evolution Pro, Renfert GmbH,

Hilzingen, Germany) at 250 rpm for 30 seconds and

poured into the impression. The impressions were

boxed and filled to form a 2-mm thick base. The

pouring carrier of the testing machine was placed and

maintained in position for the setting time indicated

by the manufacturer. After allowing the stone to set

for 1 hour, the block-out material was eliminated,

the pouring carrier was gently removed, and the cast

was carefully separated from the impression. The

impression copings were not unscrewed, as they were

used as references during measurements. Any debris on

the copings was removed.

The casts were trimmed and marked with a code for

the measurements; this information was recorded on a

sheet and subsequently placed in a sealed envelope.

Finally, all models were stored for 48 hours at 23°C and

50% relative humidity prior to measuring.60

All clinical and laboratory procedures were per-

formed by the same operator.

Measurement Procedure

The study was designed as single blind: all measure-

ments were made by a single calibrated examiner who

ignored the previously described information about the

code of each cast.

A profile projector (HB 350, Starrett Sigma, North

Yorkshire, England) was used to measure linear dis-

tances25,29 (Figure 7). The pouring carrier was secured in

the holder of the device and its posterior corner was set

parallel to the axis movement of the machine. Each cast

was placed on it and maintained in position by means of

the four reference grooves previously described.60 Such a

profile projector was provided with a screen with hori-

zontal and vertical reference lines to allow to adjust all

models to identical standardized positions, in order to

assure that the copings of all casts were at the same level

during the measurements. The light source of the device

projected a ¥10 magnified image of the cast to be

6 Clinical Implant Dentistry and Related Research, Volume *, Number *, 2009
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measured onto a screen in the form of a shadow, so that

the sharp edges of the projected silhouetted of the trans-

fer copings were used as the reference points of mea-

surement.25,29 The profile projector was provided with

an integrated digital readout counter and calibrated to

an accuracy of 10.5 mm.

Four distances were measured on the control acrylic

resin models and on the definitive study casts (Figure 8):

(1) D1 – the distance between the external sharp edges

of the projected silhouetted form of the most ante-

rior and the most posterior right impression

copings (1 and 2).

(2) D2 – the distance between the internal sharp edges

of the projected silhouetted form of the most ante-

rior left and right impression copings (2 and 3).

(3) D3 – the distance between the external sharp edges

of the projected silhouetted form of the most pos-

terior left and right impression copings (1 and 4).

(4) D4 – the distance between the internal sharp edges

of the projected silhouetted form of the most pos-

terior left and right impression copings (1 and 4).

In the present study, distortion values were deter-

mined measuring the absolute values of such distances

between the master models and the study casts.

Each dimension was measured three times and the

mean was used for the sample value. A 45-minute time

limit was observed for each measurement session to

prevent eye fatigue.2,63,64

In order to assess the intraoperator error variability

and to test the reproducibility of the measurements, one

experimental model per group was randomly selected

and the measurement of D1, D2, D3, and D4 were

repeated 2 days later. The envelope containing the

meaning of the codes labeled on each cast was opened

only after the measurements and relative controls had

been completed.16,50

Statistical Analysis

The mean values previously described were considered

for the statistical analysis. The Kolmogorov–Smirnov

test was used to verify the normality of the data distri-

bution. A three-factor analysis of variance (ANOVA)

was used to analyze the recorded data. The considered

variables were the type of impression material (poly-

ether vs addition silicon), the angulation of the implants

(parallel vs nonparallel), and the length of the connec-

tion of the impression copings (2-mm standard vs

1-mm shortened); the interactions between such vari-

ables were considered as well. Because there were only

two groups within each factor, there was no need to

perform post hoc tests for mean differences as any sig-

nificant main effect would indicate a statistically signifi-

cant difference between the two groups.50

All data were statistically analyzed with a dedicated

software (SPSS 16 for MAC OS X, SPSS Inc., Chicago, IL,

USA). For all the statistical tests, the level of significance

was set at p < 0.05.

RESULTS

As to the intraoperator error variability, the standard

deviations of the randomly repeated measurements

for the distance between the most anterior and the

Figure 7 The profile projector used for the measurements.

Figure 8 The reference points used to measure the distances
D1, D2, D3, and D4 (as described in the text).

Implant Angulation, Connection Length, and Impression Material 7
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most posterior impression copings were 10.9 mm and

11.3 mm, respectively.

The absolute control values obtained on the control

models and the mean linear measurements and standard

deviations of the position of impression copings on the

experimental casts are reported in Table 2.

The Kolmogorov–Smirnov test confirmed the nor-

mality of the data distribution (p > 0.05). The three-way

ANOVA revealed significant differences for the angula-

tion of the implants in D1 (p < 0.0001), D3 (p < 0.0001),

and D4 measurements (p < 0.0001); no significant dif-

ferences were evidenced in D2 (Tables 3–6). This dem-

onstrates that the impressions made in the presence of

angulated implants were significantly less accurate than

the ones made with parallel implants.

As to the interaction effects, statistically significant

differences were recorded for angulation/material

(p = 0.014) and angulation/coping (p = 0.048) in D1,

material/coping (p = 0.015) in D2, and material/coping

(p = 0.028) in D4 (see Tables 3–6). In the presence of the

angulated implants, the impressions made by means of

the addition silicon resulted slightly more accurate than

those made using the polyether. When the implants

were parallel to each other, a standard length of the

TABLE 2 Mean Values (1SD) of the Recorded Measurements in Millimeters

Group
D1 (Anterior–

Posterior Distance)
D2 (Mesial

Inner Distance)
D3 (Outer
Distance)

D4 (Distal
Inner Distance)

1 7.37* 8.65* 28.92* 21.38*

2 7.34* 8.72* 29.13* 21.26*

3 7.15 1 0.17 9.01 1 0.29 28.76 1 0.37 20.84 1 0.38

4 7.15 1 0.17 8.61 1 0.16 28.96 1 0.21 21.16 1 0.15

5 9.11 1 0.14 8.99 1 0.23 31.97 1 0.24 24.37 1 0.26

6 9.37 1 0.42 8.85 1 0.32 32.37 1 0.24 24.64 1 0.30

7 7.41 1 0.22 8.69 1 0.25 28.92 1 0.30 21.17 1 0.37

8 7.31 1 0.14 8.69 1 0.03 29.19 1 0.26 21.40 1 0.24

9 9.06 1 0.02 8.77 1 0.17 32.07 1 0.14 24.80 1 0.09

10 9.21 1 0.11 8.70 1 0.18 32.31 1 0.34 24.62 1 0.30

*Absolute control values.

TABLE 3 Results of the Three-Factor Analysis of Variance for D1 Measurements

Source

Tests of Between-Subjects Effects

Type III Sum
of Squares df

Mean
Square F Sig.

Corrected model 43.164* 11 3,924 151.594 0.000

Intercept 3,251.508 1 3,251.508 12,5614.962 0.000

Material 0.037 2 0.018 0.706 0.500

Angulation 42.676 1 42.676 1,648.710 0.000

Coping 0.030 1 0.030 1.159 0.289

Material/angulation 0.249 2 0.125 4.810 0.014

Material/coping 0.038 2 0.019 0.736 0.486

Angulation/coping 0.108 1 0.108 4.184 0.048

Material/angulation/coping 0.025 2 0.013 0.490 0.617

Error 0.932 36 0.026

Total 3,295.604 48

Corrected total 44.096 47

*R2 = 0.979 (adjusted R2 = 0.972).
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impression coping internal connection resulted in more

precise casts, whereas, in case of tilted implants, short-

ened length impression copings performed better. As to

the material/coping interactions, no significant differ-

ences were found using the addition silicon whereas the

impressions made by the polyether resulted in more

accurate using standard length impression copings.

DISCUSSION

On the basis of the recorded data, the null hypotheses 1

and 2 were accepted. Conversely, the null hypothesis 3

was rejected as the implant reciprocal angulation had a

significant effect on the accuracy of the experimental

casts compared with the master models.

As to the intraoperator error variability, the small

standard deviations were indicative of the reliability

and consistency of the measurement method.

In implant prosthodontics, making a cast reproduc-

ing the intraoral position of implants and abutments as

accurately as possible is paramount, in order to limit

discrepancies in fit, including those not clinically detect-

able by visual inspection.1–7,16–20

TABLE 4 Results of the Three-Factor Analysis of Variance for D2 Measurements

Source

Tests of Between-Subjects Effects

Type III Sum
of Squares df

Mean
Square F Sig.

Corrected model 0.754* 11 0.069 2,125 0.044

Intercept 3,686.384 1 3,686.384 114,235.139 0.000

Material 0.250 2 0.125 3.878 0.996

Angulation 0.060 1 0.060 1.844 0.183

Coping 0.049 1 0.049 1.511 0.227

Material/angulation 0.009 2 0.005 0.146 0.865

Material/coping 0.305 2 0.152 4.725 0.015

Angulation/coping 0.028 1 0.028 0.854 0.362

Material/angulation/coping 0.054 2 0.027 0.831 0.444

Error 1.162 36 0.032

Total 3,688.300 48

Corrected total 1.916 47

*R2 = 0.394 (adjusted R2 = 0.208).

TABLE 5 Results of the Three-Factor Analysis of Variance for D3 Measurements

Source

Tests of Between-Subjects Effects

Type III Sum
of Squares df

Mean
square F Sig.

Corrected model 125.246* 11 11,386 228,380 0.000

Intercept 44,902.450 1 44,902.450 900,650.884 0.000

Material 0.125 2 0.063 1.258 0.296

Angulation 124.035 1 124.035 2,487.881 0.000

Coping 0.952 1 0.952 19.096 0.933

Material/angulation 0.065 2 0.033 0.656 0.525

Material/coping 0.005 2 0.002 0.046 0.955

Angulation/coping 0.037 1 0.037 0.750 0.392

Material/angulation/coping 0.026 2 0.013 0.265 0.769

Error 1.795 36 0.050

Total 45,029.491 48

Corrected total 127.041 47

*R2 = 0.986 (adjusted R2 = 0.982).
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Some errors may be introduced during any of the

several clinical procedures required, like an improper

connection of the components, excessive dimensional

changes of the impression materials, minor movements

caused by unscrewing of the impression copings, and by

the following screwing of the implant analogues.4,16–20

The clinical significance of the distortion magnitude

remains controversial. It is worth highlighting that

throughout this study, an exact reproduction of the

implant position as recorded on the control models was

only once achieved (i.e., D3 in group 7). Clinically, this

could mean that completely passive fit of an implant-

supported prosthetic superstructure is not attainable

yet, despite the impression technique and the laboratory

procedures.4,14–20,32 The clinical experience and skill of

the operator still remain the most important variables to

be involved.

The proper use of surfactants and disinfectants did

not influence the accuracy of the impressions. The

application of an adhesive agent between the impres-

sion materials and the copings probably had an impor-

tant role in reducing minor movements during both

clinical and laboratory procedures.25 Both the physical

retention to the impression tray and the use of adhe-

sives play an important role in the performance of

impression materials. As described in previous stud-

ies,16,50,58,59 in the present investigation stainless steel

rigid trays were used to limit impression distortions.

Such stock trays were coated with the dedicated adhe-

sive for the polyether or for the addition silicon. It is

questionable if both adhesives would perform better in

the presence of acrylic resin trays; nevertheless, the

purpose of the present investigation was to limit and

equalize the multiple variables affecting the precision

of impressions.

The mechanical properties of an impression mate-

rial, such as accuracy and rigidity, may influence the

precision of the impression, the cast, and, consequently,

final framework.1,2,41,44,45,49,51 In this study, both poly-

ethers and addition silicons produced similarly accurate

casts, as recorded in previous papers.1,9,41,42,45,49,51–55,57 A

parallel positioning of the implants, a condition that

is not always clinically achievable because of possible

anatomical limitations, eased the removal of im-

pressions, probably reducing the distortions of the

material.1,22,41,42,46,47

Regarding the direct technique, an impression

material should be provided with a sufficient rigidity, in

order to hold the copings in their position during the

removal force application, thus preventing incidental

displacements and ensuring a minimal positional distor-

tion between the laboratory components. Similar to

other studies, both the medium body consistency poly-

ether and the addition silicons were found to meet such

a requirement. In the literature, the addition silicons

showed higher yield strength and modulus of elasticity

compared with the polyethers.1,2,41,44,45,49,51 Some authors

described the latter as the first choice for completely

TABLE 6 Results of the Three-Factor Analysis of Variance for D4 Measurements

Source

Tests of Between-Subjects Effects

Type III Sum
of Squares df Mean square F Sig.

Corrected model 148.064* 11 13.460 259.661 0.000

Intercept 25,285.851 1 25,285.851 487,784.180 0.000

Material 1.022 2 0.511 9.860 0.969

Angulation 146.336 1 146.336 2,822.933 0.000

Coping 0.053 1 0.053 1.016 0.320

Material/angulation 0.044 2 0.022 0.420 0.660

Material/coping 0.412 2 0.206 3.976 0.028

Angulation/coping 0.105 1 0.105 2.035 0.162

Material/angulation/coping 0.092 2 0.046 0.890 0.420

Error 1.866 36 0.052

Total 25,435.782 48

Corrected total 149.930 47

*R2 = 0.988 (adjusted R2 = 0.984).
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edentulous multi-implant impressions, because of their

rigidity, providing resistance to an incidental displace-

ment of the impression copings. Nevertheless, the use of

the polyethers in a partially edentulous arch could lead

to an increased difficulty for an intraoral removal of the

impression.9,41,45,49,51–55 The addition silicons, because of

the more favorable, lower modulus of elasticity, could be

considered as a viable alternative allowing for the easy

removal of the impression and reducing the permanent

deformations caused by the stress between the impres-

sion material and the copings,1,42,52,53,57 particularly when

nonparallel implants are present and implants with deep

internal connection are used.

The choice of an impression material should be

based on the consideration of several variables, like the

material accuracy, the amount of intraoral undercuts,

the length of time before the impression is poured, and

the experience of the clinician.

Anatomical undercuts, which are not infrequent in

the clinical reality, require in the clinical practice high

impression removal forces, so they were introduced in

the experimental models of the present study to simu-

late a more realistic condition, compared with the use of

test smooth, undercut-free models as used in other pre-

vious studies. Some criticism, in fact, has been moved to

some research models65,66 in that the removal forces and

the consequent impression distortions in the clinical

practice were to be considered much higher than the

ones applied in the experimental condition, because of

the absence of dental or crestal undercuts in the smooth

edentulous models.

The design of the coping has to be considered

another relevant factor for the impression accuracy.25

The 1-mm shortened connection length was designed to

ease the removal of the copings from the internal con-

nection of the implants, avoiding a deep engagement of

the component, a condition that is highly advisable,

on the contrary, in the implant/abutment connection

design. In this study, the use of a shorter internal con-

nection of the copings resulted advantageous only when

using the addition silicon in the presence of nonparallel

implants, probably because the shortened connection

length compensated for the higher removal stress

induced by the implant angulation. On the contrary, in

the presence of parallel implants or when polyether was

used, the casts resulted more accurate by using standard

length copings. This was probably caused by a higher

stiffness of the impression materials providing higher

resistance against deformations during implant ana-

logue tightening.9,41,45,49,51–55

The extent of the coping length inside the impres-

sion material is another factor that seems to play an

important role in terms of additional retention and

resistance against displacement.25 Nonetheless, in order

to avoid additional sources of measurement error and

to ensure a better data reproducibility, the present

investigation did not consider the effect of subgingival

depth of the implant placement on the accuracy of

impressions. Such a topic was recently investigated by

authors who did not show any effect of the implant

depth on the accuracy of VPSs whereas less accurate

impressions were made by means of medium-body

polyethers in the presence of deeper implants. As it is

not possible to access the subgingival part of the

copings, these findings were probably because of

the more limited area of the copings embedded in the

impression material.4

The distortion of the impression is a concern

inherent, in a three-dimensional way, in all of

the procedures involved in the indirect dental

restorations.50,63,64 It can be regarded as absolute or

relative, depending on the point of reference from

which it is measured: the absolute distortion is consid-

ered when the point of reference is external, whereas a

relative distortion is measured from a point that is

located internal to the system.1,9,21,42,47,51,63,64 According

to several studies,9,21,42,47,51 in the present investigation,

the relative distortion was considered as a study

parameter, as the resultant translational distance was

measured from one coping to another. This kind of

measurement can be considered more clinically rel-

evant than the absolute distortion, as an implant-

supported prosthesis usually connects all the

abutments to each other.

Distortion may be negatively affected by the non-

parallel positioning of implants as well as by the pres-

ence of physical undercuts (i.e., tooth embrasures, bone

deformities), as a higher removal strength is needed,

affecting the precision of the impressions.

Although not specifically considered in the present

investigation, the machining tolerance, defined as the

difference in rest positions between the components

when they are held in place by their respective fas-

tening screws, might represent another mechanical

factor playing an important role in the distortion

phenomenon.67
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Possible limitations of the present study design

were that the measured distortions did not completely

evaluate the actual three-dimensional distortion of the

impressions and the axial rotations of the components

were not detected. Moreover, the results of the present

investigation were limited to a number of four implants

and may not be relevant for impressions made in the

presence of higher or lower numbers of implants. Third,

only internal connection implants were used, whereas

external connections, like the hexagon ones, were not

considered.

CONCLUSIONS

Within the limitations of this study, the following con-

clusions can be drawn:

(1) The presence of undercuts negatively affected the

precision of the impressions.

(2) The angulation of the implants may cause strains

of impressions, probably because of the higher

forces required for the impression removal.

(3) In the presence of nonparallel implants, the use of

addition silicons resulted in more accurate casts,

particularly together with a shortened length of the

connection part of the copings.

(4) In the presence of parallel implants or when the

polyether was used, a standard length connection

of the copings produced more accurate casts.

Further clinical investigations will be necessary to

confirm the clinical results of the present in vitro study.
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EXPERIMENTAL IN VITRO STUDY FOR THE IMPLEMENTATION 
OF AIRPOLISHING DURING TREATMENT OF IMPLANTED 

SURFACES IN PATIENTS WITH MUCOSITIS/PERI-IMPLANTITISVita-Salute San Raffaele
University Facullty 

of Medicine and Surgery
Dental Hygiene Graduate
Pres. Prof. E. Gherlone

Scientific institute 
of San Raffaele 

University (Milan)
Dentistry Department

Director Prof. E. GherloneC.A. Cortella - P. P. Paganin* - E.M. Polizzi  

The aim of this research is to evaluate in vitro effects on different implant rough surfaces and with different AirPolishing treatments with different powders: glycine  
powder 120 nm on FCC and SLA and glycine powder 63 nm on FCC and SLA for SPT for implant surfaces.

AIM

RESULTS

For the study we have used an AP device “AIR-FLOW MASTER” with the highest setup (made by E.M.S. Electro Medical Systems, Nyon, Switzerland). For the study, the device
has been applied under a working pressure of 5 bar (air) and 4.5 bar (water). Additionally, 12 non sterile titanium disks and 4 teeth have been used.

No. 6 disk (2 test groups CALLED 1A; 2A; 3A & 1B; 2B; 3B) represent FCC surface treatment (Full Contact Covering) 
No. 6 disk in titanium (2 test groups CALLED 1C; 2C; 3C & 1D; 2D; 3D;) represent SLA surface treatment (Sand-blasted, Large[grit], Acidetched)    
No. 4 teeth (fifth test group CALLED 1E; 2E; 3E; 4E) 

16 surfaces (implant and root) were treated in FIVE TEST GROUPS with one additional group as CONTROL (implants).

A) FIRST TEST GROUP (3 FCC implant surfaces: SOFT Glycine Powder 120 nm.) 1 A; 2 A; 3A, were exposed to 3 time-differentiated single air polishing treatments
with  EMS SOFT Powder respectively for 5" for the disc 1 A, 10" for the disc 2 A, 20" for the disc 3 A 

B) SECOND TEST GROUP (3 FCC implant surfaces: PERIO Glycine Powder 63nm.) 1 B; 2 B; 3B, were exposed to 3 time-differentiated single air polishing treat-
ments with  EMS PERIO Powder respectively for 5" for the diskette 1 B, 10" for the diskette 2 B, 20" for the diskette 3 B 

C) THIRD TEST GROUP (3 SLA implant surfaces: SOFT Glycine Powder 120 nm.) 1C; 2 C; 3C, were exposed to 3 time-differentiated single air polishing treatments
with  EMS SOFT Powder respectively for 5" for the diskette 1 C, 10" for the diskette 2 C, 20" for the diskette 3 C 

D) FOURTH TEST GROUP (3 SLA implant surfaces: PERIO Glycine Powder 63 nm.) 1D; 2D; 3D, were exposed to 3 time-differentiated single air polishing treat-
ments with  EMS PERIO Powder respectively for 5" for the diskette 1 D, 10" for the diskette 2 D, 20" for the diskette 3 D 

E) FIFTH TEST GROUP (4 TEETH ROOT surfaces: PERIO Glycine Powder 63 nm.) 1E; 2E; 3E; 4E, were exposed to 3 time-differentiated single air polishing treat-
ments with  EMS PERIO Powder respectively for 5" for the ROOTS SURFACES 1E-2E, 10" for the ROOT 3E, 20" for the ROOT 4E

ALL THE DISC AND TEETH HAVE BEEN TREATED BY THE SAME OPERATOR AND SUBJECT TO AIR POLISHING FROM A DISTANCE OF AROUND 5 mm. 

MATERIALS & METHODS

AIR POLISHING WITH PERIO 
GLYCINE POWDER

Summarizing, 5" air polishing 
with PERIO powder has shown 
to be the least aggressive 
and least abrasive on implant 
and root surfaces. 

SEM MORPHOLOGICAL
ANALYSIS

PARAMETER:
EHT = Potential speed of electron
WD = Working Distance
MAG = Magnification

MAGNIFICATION IMPLANT SURFACE: 500; 2000; 5000; 7500 (X)
MAGNIFICATION TEETH: 100; 500; 2000; 5000 (X)
NOBIL BIO RICERCHE s.r.l. - LABORATORY (ASTI).

TREATMENT SOFT POWDER

SURFACES 5" 10" 20"

FCC 1A �

FCC 2A �

FCC 3A �

GROUP “A” CONTROL

TREATMENT PERIOPOWDER

SURFACES 5" 10" 20"

FCC 1B �

FCC 2B �

FCC 3B �

TREATMENT PERIO POWDER

SURFACES 5" 10" 20"

ROOT 1E �

ROOT 2E �

ROOT 3E �

TREATMENT PERIO POWDER

SURFACES 5" 10" 20"

SLA 1D �

SLA 2D �

SLA 3D �

TREATMENT SOFT POWDER

SURFACES 5" 10" 20"

SLA 1C �

SLA 2C �

SLA 3C �

GROUP “B” CONTROL GROUP “E” CONTROL

GROUP “C” CONTROL

GROUP “A” CONTROL

AIR POLISHING: Air polishing has shown to be very effective on patients in SPT (Support Periodontal Therapy) (1) when Sodium Bicarbonate powder or Perio powder is applied. (3; 4; 5)

The SEM analysis of the titanium surface morphology has shown that Air Polishing using Perio Powder is significantly less abrasive than the same treatment with Sodium Bicarbonate based
Powder. After the Air Polishing treatment, evident iatrogenic damages coded 3 (see table 1) have appeared independently from both the type of powder and the type of sample used (FCC,
SLA or teeth). It is also important to notice that under identical treatment time, the FCC implant surface prooved to be more sensitive to Air Polishing compared to SLA implant surface.(2)

PERIO POWDER (GLYCINE): Perio Powder applied in 5" exposure per surface has shown to be the least aggressive and abrasive on implant and root surfaces in the Air Polishing
treatment. The results obtained in this "in vitro" study will be confirmed by a "in vivo" clinical study on implant surfaces by peri-implantitis and on root surfaces by patients affected by
periodontitis.

CONCLUSION

TEST “B” FCC IMPLANT TEST “D” SLA IMPLANT TEST “E” ROOT SURFACE

CONTROL TEST CONTROL TEST CONTROL TEST

6 Disc. FCC (Full Contact Covering) 

FCC

Ø 8 mm x 2 mm 
of thickness

Granule:
Powder Soft Ø < 125 µm 
Powder Perio Ø < 63 µm

6 Disc. SLA (Sandblasted,L.G. Acidetched) 

SLA

TABLE 1. RESULTS OF DIFFERENT TIME EXPOSURES

TIME FCC FCC SLA SLA ROOTS

5" + — + — —

10" ++ + + + ++

20" +++ +++ +++ +++ +++

SOFT      PERIO    + DAMAGE    — NO DAMAGE

Key words: abrasion; air polishing; dental implant; implant surface.
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INTRODUZIONE

Uno dei requisiti per una riabilitazione

implantoprotesica predicibile, è la presen-

za di una buona qualità e quantità ossea1.

La perdita di osso è spesso disomogenea,

minore dove gli elementi si sono mantenu-

ti più a lungo, maggiore laddove la perdita

sia più datata e abbia sostenuto una prote-

si rimovibile2.

Negli ultimi anni, poi, la maggior parte

dei pazienti sono parzialmente o monoe-

dentuli e l’implantoprotesi rappresenta, og-

gi, la terapia di scelta3.

Presupposto all’atrofia dei mascellari è la

perdita dei denti, fatto che riconosce come

principale causa la patologia parodontale, le-

sioni periapicali e i traumi, con la creazione di

difetti ossei più o meno estesi4. Il grave riassor-

bimento osseo verticale, orizzontale o com-

ANNO 25 • NUMERO X • XXXXXXXX/XXXXXXXX 2009
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tLe cause di riassorbimento osseo possono esse-

re molteplici. I fattori infiammatori possono cau-
sare difetti molto estesi, con la conseguente dif-
ficoltà per la terapia implantoprotesica. Le tecni-
che di innesto autologo, consentono di rigenera-
re l’osso in questi siti. Vengono presentati e di-
scussi una serie di casi clinici di autograft, prele-
vato con dispositivo piezoelettrico (Easy Surgery®
Biosaf), nella zona degli incisivi inferiori, in cui l'in-
nesto e l'impianto hanno consentito sia il recupe-
ro estetico e funzionale sia della zona edentula
ma anche quello degli elementi vicini.

Parole chiave: Innesto osseo, Atrofia dei mascella-
ri, Chirurgia piezoelettrica.

L’innesto onlay autologo 
nelle atrofie localizzate
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I M P L A N T O L O G I A

binato, che ne può esitare potrebbe esclude-

re tali pazienti da questa procedura, quindi si

rende necessario rigenerare l’osso perduto.

L’innesto di osso autologo è considerato il più

predicibile5-7. Per quanto attiene agli innesti

autologhi in blocco, argomento di questo la-

voro, i siti intraorali di prelievo preferiti sono:

la zona retromolare, il tuber, la sinfisi mento-

niera e le zone edentule6,8-11. In alternativa, si-

ti extraorali, come la cresta iliaca, la calvaria

e la tibia12, sono utilizzati per prelievi consi-

stenti, ma con inevitabile esposizione di un

secondo sito e conseguenze anatomiche e

funzionali imprevedibili. La sinfisi è un sito

donatore ben accetto per gli innesti, poiché

è facilmente accessibile, fornisce una buona

quantità di osso, e può essere ottenuto sen-

za o con limitate conseguenze estetiche8,13. Pa-

ragonato a quello della cresta iliaca, mostra

poco riassorbimento14,15, inoltre periodo di

guarigione per gli innesti ossei di origine en-

docondrale è, di solito, 6-9 mesi5. Comun-

que, un periodo di guarigione di 4 mesi, se-

condo gli studi clinici, è adeguato negli inne-

sti a prelievo mandibolare22. Il periodo di gua-

rigione più corto era basato sull’ipotesi che

l’innesto membranoso rivascolarizza prima

dell’innesto endocondrale23,24.

MATERIALI E METODI

Questo lavoro, è stato considerato il set-

tore anteriore inferiore, dove uno degli in-

cisivi inferiori era irrecuperabile e il difetto

residuo ampio con necessità di un innesto

a blocco per aumentare l’ampiezza nonché

l’altezza della cresta mancante (Fig. 1)16. So-

no stati presi in considerazione 6 casi clini-

ci, selezionati con difetti in altezza e am-

piezza tali da non rendere possibile l’inser-

zione di un impianto immediato. I pazien-

ti, in buona salute, sono stati informati sul-

le procedure e preparati con scaling e root

planning. Per 2 settimane prima e per 1 me-

se dopo l’innesto è stato proscritto il fumo

e raccomandata una accurata igiene orale. 

Fig. 1 Rx preoperatoria.

Fig. 2 Lembo senza tagli di rilascio.

La procedura chirurgica ha un’alta predi-

cibilità17 e comporta tre fasi: 

1. esposizione del sito ricevente;

2. prelievo ed inserimento dell’innesto;

3. sutura del sito seguita dalla gestione po-

st-operatoria.

Previa anestesia locale con Articaina con

v.c. 1:200.000, viene scolpito il lembo. Il di-

segno del lembo, senza (Fig. 2), o con inci-

sioni di rilascio (Fig. 3), è stato esteso ai due

elementi distali al difetto. Non abbiamo

notato differenze nella guarigione dei due

tipi di lembo. L’esposizione del sito rice-

vente dà informazioni circa le dimensioni

del difetto e quindi della misura del prelie-
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vo. Il deficit della cresta residua era sempre

a becco di flauto, a maggior altezza lingua-

le. Inoltre gli elementi adiacenti risultavano

con una mobilità di vario grado, per la per-

dita di osso in corrispondenza delle super-

fici prossimali.

Il sito ricevente è stato esposto al mini-

mo per mantenere un’eccellente vascolariz-

zazione: se il difetto è sul versante vestibo-

lare è inutile preparare un lembo anche sul

versante opposto e viceversa. Questo ga-

rantisce la vitalità dei sottili margini del let-

to ricevente e interferisce al minimo con la

vitalità del periostio non scollato vicino al-

l’innesto, dove si prevede che inizi la ripa-

razione. Scollando il lembo a spessore to-

tale col suo periostio, lo strato cellulare

potenzialmente osteogenetico viene di-

strutto e conseguentemente il lembo che

copre l’innesto perde qualsiasi potenziale

osteogenetico18. La rigenerazione del tessu-

to periosteo deve iniziare nella sede del

periostio indisturbato. Più questo tessuto

intatto è vicino al sito ricevente, più rapida

sarà la formazione di un callo stabilizzante

di osso immaturo. Fatte queste considera-

zioni si passa al prelievo dal sito donatore.

In questo studio, per la regione del difet-

to e per la quantità di osso disponibile, il

prelievo è avvenuto nella zona apicale al

riassorbimento. Questo ha limitato il sito di

intervento a uno solo, con diminuzione del-

la morbilità dovuta all’apertura di un se-

condo sito e al conseguente aumento del

comfort postoperatorio. I prelievi sono tut-

ti stati effettuati con chirurgia piezoelettri-

ca tramite Easy Surgery® Biosaf. I vantaggi

sono di vario tipo: il taglio è netto, poco

traumatico e, grazie all’effetto cavitaziona-

le degli ultrasuoni, che limita il sanguina-

mento, la visibilità è ottima (Figg. 4,5).   

Come suggerito da alcuni AA, per mi-

gliorare il potenziale osteogenetico, il sito

ricevente deve essere decorticato con

perforazioni attraverso il periostio nello

spazio midollare19. Secondo alcuni AA17 ciò

favorisce la riparazione tramite riassorbi-

mento di osso non vitale e facilita la vasco-

larizzazione al letto osseo. L’osso danneg-

giato attrae la formazione e la migrazione

degli osteoclasti, delle cellule endoteliali

che li accompagnano e delle cellule precur-

sori osteoblastiche perivascolari. Al con-

trario degli osteoclasti, che hanno origine

Fig. 3 Lembo con tagli di rilascio.

Figg. 4,5 Il taglio piezoelettrico è preciso e il sito esangue, per l’effetto
cavitazionale.
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localmente dal periostio e dalle cellule pe-

rivascolari dell’osso, gli osteoblasti origina-

no da granulociti o cellule progenitrici dei

macrofagi dal midollo e si spostano trami-

te la circolazione20. Le cellule di rivestimen-

to dell’endostio possono partecipare all’at-

tivazione degli osteoclasti che si scavano la

strada verso l’osso danneggiato tramite la

contrazione attiva dei processi cellulari de-

gli osteociti nei canalicoli dopo l’insulto.

Una attenzione particolare va data af-

finché i margini del prelievo osseo cadano

entro il limite della regione edentula, per

non danneggiare le radici dei denti contigui

al sito donatore.

Prima di staccare completamente l’in-

nesto è bene forarlo per favorire il passag-

gio della vite da osteosintesi (Fig. 6). Il fram-

mento viene prelevato con l’aiuto di uno

scalpello molto sottile e posizionato quin-

di con la parte midollare verso la corticale

del sito ricevente, rifinito e adattato. Even-

tuali gap di osso vanno colmati con bone

chips ricavate dalla rifinitura dell’innesto o

dalla midollare del sito donatore in quanto

qualsiasi divario fra l’innesto e il letto rice-

vente potrebbe interferire con la vascolariz-

zazione dell’innesto da parte del sito rice-

vente. Infatti, una ragione di insuccesso può

essere dovuta all’invasione di tessuto fibro-

so che isola l’innesto dal sito ricevente: in

tale evenienza gli osteoclasti non potranno

raggiungere il blocco. 

Tramite la vite di osteosintesi in titanio

è stato, quindi, solidarizzato l’innesto al-

l’osso ricevente (Fig. 7). L’immobilizzazione

tra le due parti ossee, perfettamente af-

frontate, è fondamentale per il successo, fa

si che la guarigione avvenga in modo simi-

le a quello una frattura fissata. In questo

momento è stata misurata l’ampiezza del

margine crestale. Il sito donatore è stato

riempito con materiale allo plastico sinte-

tico riassorbibile. I lembi, affrontati in ma-

niera passiva, senza tensioni, tra di loro, so-

no stati suturati senza il posizionamento di

membrana e suturati con Poliestere 4,0. Un

dente provvisorio è stato sempre splintato

agli elementi adiacenti, opportunamente

tagliato per non interferire in nessuna ma-

niera con i processi di guarigione.  Per il po-

st-operatorio, sono stati prescritti Amoxicil-

lina e ac. Clavulanico alla dose di 1 g ogni 12

ore e Nimesulide, 100 mg 2 volte al dì per

6 gg e sciacqui di clorexidina 0,20% per 7 gg

2 volte al dì, oltre a una accurata igiene

I M P L A N T O L O G I A

Fig. 6 Il foro passante dell’innesto
prima del prelievo.

Fig. 7 L’innesto in sede. Fig. 8 Rx di controllo.
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orale. Dopo 15 giorni sono state rimosse le

suture. Durante il periodo di guarigione,

non è stata osservata alcuna complicanza.

Con il tempo, tra i due piani ossei affron-

tati, si forma un callo osseo immaturo che

viene rimodellato, grazie anche alla pre-

senza di proteine morfogenetiche incluse

nell’innesto20, l’innesto riassorbito e sosti-

tuito da nuovo tessuto osseo.

A distanza di 3 mesi, la Rx di controllo ri-

vela l’innesto ben integrato (Fig. 8) è stato

programmato il rientro, scolpito un lembo a

spessore totale, per svitare la vite usata per

il fissaggio e valutata la quantità ossea otte-

nuta misurando l’ampiezza in cresta. In tutti

i casi l’altezza della cresta era in buon rappor-

9

L’ innesto  onlay  auto logo nel le  at rof ie  local izzate

to con la giunzione amelocementizia dei

denti adiacenti (Fig. 9), requisito fondamen-

tale al recupero anche di questi elementi.

Nella stessa seduta, sono stati inseriti gli im-

pianti di Ø 3,3 mm lunghezza 13 mm con su-

perficie in titanio SLA. Tutti gli impianti so-

no stati immediatamente funzionalizzati (Fig.

10) e, 4 mesi dopo, protesizzati in maniera de-

finitiva con corone in metallo ceramica. Le ra-

diografia, eseguite a distanza di 6 mesi, dimo-

strano la stabilizzazione dell’innesto e il buon

supporto osseo sugli elementi vicini (Fig. 11).

RISULTATI

Lo spessore osseo raggiunto è stato in

tutti i casi compatibile con l’inserzione de-

gli impianti (Tab. 1).

La media dell’ampiezza ossea ottenuta al

momento dell’innesto era di 5,1 mm (max

5,5 – min 5,0 mm), mentre al rientro a 3

mesi la media di ampiezza ottenuta nei 6

casi era di 4,3 mm (max 4,5-min 4,0).

DISCUSSIONE E CONCLUSIONI

Misch e Coll.19 hanno indicato che le di-

mensioni minime di un osso alveolare deve

Fig. 11 Rx di controllo del caso illustrato.

Fig. 9 Il rientro a 3 mesi. Fig. 10 L’impianto funzionalizzato immediatamente.
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essere minimo 5 mm in ampiezza e 7-10 mm

in altezza allo scopo di posizionare un im-

pianto con risultati predicibili. L’osso spongio-

so si riassorbe rapidamente e la corteccia la-

biale e linguale si avvicinano, causando una

concavità labiale quando un’estrazione è cau-

sata da un’infezione periapicale o da un’infe-

zione parodontale distruttiva o come esito di

un trama. Il ramo mandibolare, la sinfisi, siti

estrattivi e le zone retromolari sono le aree

di scelta per il prelievo di innesti ossei da si-

ti intraorali. Gli innesti ossei autologhi si riva-

scolarizzano velocemente, hanno un periodo

di guarigione breve e hanno poco riassorbi-

mento. La formazione di nuovo osso dall’in-

nesto autologo aumenta le possibilità di

osteointegrazione dell’impianto, pertanto

forniscono una migliore interfaccia alla tra-

smissione dello stress per il carico implanta-

re4,8,21. L’innesto a onlay con prelievo mandi-

bolare è ormai un intervento con un’alta pre-

dicibilità. Gli studi fisiopatologici e la tecni-

ca chirurgica su questa metodica hanno for-

nito un protocollo che, se rispettato, si con-

clude con il successo. In questo caso il pre-

lievo apicale al difetto ha consentito un in-

tervento poco traumatico e senza l’interessa-

mento di altri siti. L’uso della chirurgia piezoe-

lettrica (Easy Surgery®Biosaf), ha certamen-

te contribuito alla buona riuscita della pro-

cedura di prelievo, in quanto il taglio micro-

metrico e l’assenza di sanguinamento, grazie

all’effetto cavitazionale, danno una migliore

visibilità senza compromettere la vitalità del-

l’innesto26. La buona riuscita della procedu-

ra e il buon volume osseo ottenuto idoneo

all’inserzione dell’impianto ha evitato pro-

cedure puramente protesiche, ma è anche

importante la rigenerazione ossea in corri-

spondenza degli elementi vicini che ne ha fa-

vorito la stabilizzazione, requisito necessario

al loro completo recupero.
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Evaluation of Effects on Bone Tissue of Different
Osteotomy Techniques

Stefano Tetè, MD, DDS,* Raffaele Vinci, MD, DDS,Þ Vincenzo Zizzari, DDS,*
Luciano Cingano, MD, DDS,þ Raffaele Bollero, DDS,Þ Giuseppe D’Apolito, DDS,* Luisa Benzo, MD,Þ

Alessandro Dolci, DDS,* Carmen Mortellaro, MD, DDS,§ and Enrico Gherlone, MD, DDSÞ

Abstract: The aim of this study is to evaluate and compare the
response of bone tissue after osteotomy carried out with either
rotating cutters or with piezoelectric terminals.

Bioptic samples of bone tissue were taken during operations with
rotating burs and piezoelectric terminals to increase bone volume
before implantology. Samples first underwent histomorphometric
analysis. Subsequently, osteoblastic cells, obtained from different
samples, were placed in culture and allowed to proliferate to in
vitro evaluate the time to initiate growth and to reach confluence.
Finally, a molecular biologic study by reverse transcription poly-
merase chain reaction was performed to evaluate the expression of
typical osteoblastic molecular markers, such as osteoprotegerin
and osteopontin.

Histomorphometric analysis showed that the width of necrotic
line on the osteotomic margins from samples taken using different
techniques did not vary significantly. Moreover, the times of initial
growth and of confluence in cells from the 2 groups did not show any
statistically significant differences. However, a highly significant
correlation was revealed between the age of the patient and the initial
growth time and the confluence. Similarly, reverse transcription
polymerase chain reaction showed that the osteoprotegerin and
osteopontin expression levels did not change significantly according
to the surgical technique used.

In conclusion, osteotomies carried out with either instrument do
not seem to substantially influence the vitality of the bone tissue. The
variability of the expression levels of typical osteoblastic markers
seems to be linked more to other factors than to the surgical tech-
nique used.

Key Words: Piezoelectric terminal, osteotomy, histomorphometry,
osteoprotegerin (OPG), osteopontin (OPN)

(J Craniofac Surg 2009;20: 00Y00)

The introduction of the piezoelectric terminal and its rapid
widespread use in bone tissue surgery came about because of the

need to surpass the limits enforced by use of traditional instru-
ments.1 One of the main characteristics of this instrument is its
capacity to make a selective cut on mineralized tissues2; this is due
to the surgical action ceasing as soon as the working tip of the
instrument comes into contact with nonmineralized tissue.3,4

For this reason, the piezoelectric terminal is extremely useful
in cases of close contact and is therefore appropriate to protect
structures defined as Bsensitive,[ such as blood vessels and nerves,
or in cases where a slight traumatic effect of the bone structure is
necessary.2,5Y7 Nowadays the piezoelectric terminal is applied in
numerous medical circles for oromaxillofacial, surgery, and, above
all, in preimplant surgical procedures, in expansion of atrophic al-
veolar crests,7 in bone distrazione,8 in sinus grafting, and in taking
bone samples for grafting.9,10

Clinical studies and histologic evaluations have shown that
the use of ultrasound in bone surgery allows to obtain higher pre-
cision cuts with, from a morphologic point of view, extremely clean
porous surfaces without fragments, able to permit an immediate
bond with the fibrin, and a quicker clinical recovery.11 Recent works
show the validity of piezoelectric surgery in treating mineralized
bone tissue.12,13

Our study evaluates the response of the bone tissue after
osteotomic cuts made with rotating cutters or piezoelectric terminal.
The influence on the bone from both these surgical techniques was
evaluated by:
- a histologic analysis, using supravital staining by which it was
possible to estimate the quantity of necrosis along the marginal
lines of the cut;

- a biologic cellular analysis based on the observation of the growth
rate of the osteoblasts from the biopsies taken using both tech-
niques; and

- a biomolecular analysis that analyzes the variation of the expres-
sion of molecular markers of osteoblasts such as osteoprotegerin
(OPG) and osteopontin (OPN).

The activity of the bone tissue can in fact be analyzed, mea-
suring the specific protein expression of the osteoblasts. In this
study, the variations of the expression of OPN and OPG were ana-
lyzed. Osteoprogerin is a member of the superfamily of the tumor
necrosis factor receptors, whose role is to inhibit the differentiation
of the macrophages in osteoclasts, thereby regulating the function
of bone reabsorption mediated by the osteoclasts in vitro and in
vivo.14,15 Osteopontin is one of the most abundant noncollagenic
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proteins of bone tissue. It belongs to the group of bone sialoproteins,
is produced by both osteoblasts and osteoclasts, and could have a
role in the regulation of mineralization of the matrix because it
seems to be capable of promoting adhesion of the bone cells to the
bone surface.16,17

MATERIALS AND METHODS

Selection of Patients
Twenty patients (10 men, 10 women) aged between 22 and

65 years who had to undergo oral surgery were selected at the Oral
Surgery Department of San Raffaele Hospital, Milan. Twenty bioptic
samples were taken for histologic studies.

At the same department, a total of 19 patients (9 women,
10 men) aged from 11 to 65 years who had to undergo oral surgery
were selected, from whom 19 mandibular bone biopsies were col-
lected for cellular and molecular biologic studies.

Patients for both groups were selected according to the fol-
lowing criteria:
- good general health,
- absence of systemic pathologies, and
- not pregnant.

No particular morphologic bone characteristics were neces-
sary for selecting the patients. The patients were randomly chosen to
undergo treatment with piezoelectric terminal or rotating cutter.

The medium age of the patients selected for the 2 exper-
imental groups was calculated for the cellular and molecular bio-
logic studies. The medium age of the 2 groups was compared to
ascertain that there would be no variation between the samples. The
medium age of the group treated with piezoelectric terminal was
40 years, whereas that of the group operated with the rotating cutter
was 46.5 years (F1 Fig. 1). This difference is not statistically significant.
All the patients gave their informed consent according to the ethics
regulations of the BAteneo Vita-Salute San Raffaele,[ University of
Milan.

Surgical Procedure
The biopsies were taken by using rotating cutters or pie-

zoelectric terminals while the patients were undergoing oral surgery
carried out under local anesthetic (articain with adrenaline
1;100,000 infiltration). A mucoperiostea incision was made with
conventional scalpels, after which the skeletization of the relevant
anatomic site was carried out. No matter what surgery had to be
performed, a sample of 3 � 3 mm was taken from a bone tissue,
using either piezoelectric terminal or conventional scalpels. All the
samples were taken by the same technician.

Collection and Treatment of the Biopsies for
Histological Study

Immediately after taking the bioptic bone samples, they were
fixed in a solution of neutral formalin buffer at 10% for 3 days. They
were then treated with decalcifying solution (formic acid and
chloridic acid 50:50) in a way that the proportions resulted in
sample/solution = 1:3 o/n AQ4.

After decalcification, the samples were washed 3 times for
15 minutes under running water and were then placed in an auto-
matic processor for 12 hours. After placing in paraffin, the samples
were cut into 6 Km using a rotating microtome. The slices were
adhered to the slide by passing in a dry oven at 37-C o/n. The
sections were then deparaffinated in ethanol by decreasing cycles
until they became water (xyole, 2 cycles; EtOH 100%, 2 cycles;
EtOH 96%, 1 cycle; EtOH 70%, 1 cycle; EtOH 50%, 1 cycle; EtOH
30%, 1 cycle; tap water, 3 cycles; 1 cycle = 3 minutes), followed by
ematossilin-eosin staining: Mayer hemalum AQ5, 5-minute washing
under running water until staining changed color; eosin Y, 1 minute;

FIGURE 1

AQ3

. Medium age of the patients chosen for the
molecular and biologic study. The differences are not
statistically significant (P 9 0.05).

FIGURE 2. Osteotomy performed using a piezoelectric
terminal. On histomorphometric examination, the necrosis line
along the osteotomy edge had an average width of 1.57 Km.

FIGURE 3. Osteotomy carried out with a conventional
rotating instrument. The necrosis line measured an average
width of 2.23 Km.
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washing in distilled water for 5 minutes. The sections were dehy-
drated in increasing solutions of EtOH until 100% xyole. DPXAQ6 was
used as mounting for the coverslip. The sections were examined and
photographed with an Axioplan2 imaging microscope (ZEISS,
Oberkochen, Germany), and the morphometric measures were eval-
uated with X-pro software.

Collection and Treatment of the Biopsies
to Study the Cell Proliferation In Vitro and
Genic Expression

After collection, the biopsies were placed in empty sterile
containers and immediately processed according to the following
procedure. The samples were placed in 10- to 13-mL physiologic
solution. The bone was broken into small pieces using tweezers
and scalpels, the physiologic solution was suctioned off, and the
pieces were washed 3 times with jocklik + SPA pH 7.25. The bioptic
samples were then placed in 5 mL of jocklik and 250 KL colla-
genase (type IV S C1889) previously defrosted and agitated for
30 minutes in a thermostatic bath at 37-C, after which 5 mL of
10% Iscove was added. The liquid was suctioned off, and the
samples were washed with 7- to 8-mL of the same solution. The
bone was then transferred to flasks, cultured in Iscove’s modified
Dulbecco’s medium + 1% P/S + 10% fetal bovine serum + 0.2%
Fungizone + 0.1% gentamicin, and incubated at 37-C with 5% CO2.
Independently of the rapidity of growth, every 15 days, the flasks
were changed to avoid contamination. The cells that reached con-
fluence were removed with trypsin and transferred to flasks of in-
creasing size (having passed through a cell strainer at the first stage
to eliminate bone fragments). Once a sufficient quantity of cells was

obtained, they were removed with a cell scraper and RNA extraction
was carried out.

RNA Extraction
The RNA of the osteoblast plate culture was extracted using

RNeasy Mini Kit (QIAGEN AQ11) following the manufacturer’s instruc-
tions, and the samples were previously homogenized by centrifuge
on QIAshredder (QIAGEN) columns according to the manufac-
turer’s instructions. Briefly, 4 Kg AQ12of total RNA was reverse tran-
scripted using the Superscript First-Strand Synthesis System kit for
reverse transcription polymerase chain reaction (RT-PCR; Invitro-
gen, Milan, Italy) according to the manufacturer’s instructions, using
oligo(dT) and random hexamers to initiate the RT at a total volume
of 20 KL and digesting the DNA with DNAsel in column. The
product of each RT was diluted 1:5 in water, and 4 KL of samples
was used for the RT-PCR reaction.

FIGURE 4. Comparison between the average width of the
necrosis lines measured along the samples taken using the
different methods, which was not statistically significant
(P 9 0.05).

FIGURE 5. Average timing for the beginning of the in vitro cell
growth of the 2 samples. The difference is not statistically
significant (P 9 0.05).

FIGURE 6. Average time necessary for reaching cell
confluence in vitro. The difference is not statistically significant
(P 9 0.05).

FIGURE 7. RT-PCR analyses carried out to evaluate the
expression OPG and OPN in the various samples of bone
tissue.
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Reverse Transcriptase Polymerase
Chain Reaction

The reaction mix, for a total volume of 10 KL, contains 5 KL
of LightCycler 480 SYBR green Master (Roche, Monza, Italy),
4 KL of template, and 1 KL of primer (forward and reverse) at a
concentration of 10 KM. Amplifications were performed with the
Light Cycler 480 (Roche); each sample was examined 3 times
according to the following protocol:

The quantification of each sample of PCR was calculated
from the standard curve relative to each couple of primers and
standardized for the gene housekeeping (GAPDHAQ13 ). The primer
sequences used for the RT-PCR are as follows:
HOPG5 FW 5¶TGGCACCAAAGTAAACGCAGAGAG 3¶
HOPG5 RW 5¶GGTCACTGGGTTTGCATGCCTTTA 3¶
HOPN2 FW 5¶TGGCCGAGGTGATAGTGTGGTTTA 3¶
HOPN2 RW 5¶TGTGGAATTCACGGCTGACTTTGG 3¶

HGAPDH FW 5¶GGAGTCAACGGATTTGGT 3¶
HGAPDH RW 5¶GTGATGGGATTTCCATTGAT 3¶

Statistical Analyses
The statistical processing of the results was carried out using

the Shapiro-Wilk test, for the analyses of the distribution variables.
The significance of the results was evaluated using the t-test and the
linear regression test, with P = 0.05.

RESULTS

Histomorphometric Study
Macroscopically, observation of the histologic specimens

showed that the osteotomy lines at the edge of the samples taken
with the piezoelectric terminal were better defined than those oste-
otomy edges observed on samples taken using a rotating instru-
ment ( F2Figs. 2 and F33). Histomorphometric measurement showed
that the necrotic line on the osteotomy edges of the samples taken
with the piezoelectric terminal was on average 1.57 Km thick,
whereas on the samples taken with the rotating cutter, it was on
average 2.23 Km thick. This difference was not shown to be sta-
tistically significant (P 9 0.05; F4Fig. 4).

Cell Study
The osteoblastic cells, obtained as previously described from

the samples of bone tissue taken using both methods, were placed in
culture to analyze the proliferation response and the speed of growth,
by observing the average time for proliferation and reaching a
confluence of the cells. These were on average 14.1 days in the
osteoblast cultures obtained from samples taken with the piezoelec-
tric terminal, with the cell confluence reaching at 17.9 and 14.7 days
for the samples taken with the rotating instrument, with them AQ14
reaching cell confluence after 22 days ( F5Figs. 5 and F66). These dif-
ferences are not statistically significant (P 9 0.05).

Biomolecular Study
After the evaluation of the gene expression of the OPG and of

the OPN in 5 samples (standardized according to gene housekeep-
ing, GAPDH), it was seen how the induction of the RNA of OPG
and OPN genes was highly variable. It is interesting to note the
presence of a strong correlation in the levels of expression of OPG
and OPN ( F7Figs. 7 and F88).

DISCUSSION
Previous studies have analyzed the impact on bone tissue of

the rotating cutter with respect to the piezoelectric terminal. A
histologic comparison of the effect of a standard ultrasonic insertion
with the rotating cutter and the surgical drill was made in 1975. This

FIGURE 8. Summary graph of the RT-PCR analysis to find
the level of OPG and OPN gene expression, carried out on
bone tissue samples taken with the different methods
(1: piezosurgery, age 45 years; 2: piezosurgery, age 11 years;
3: normal surgery, age 26 years).

FIGURE 9. Bivariate study: beginning of growth and confluence times in relationship to the subjects fromwhom the samples were
taken (beginning of growth t: P = 0.00096, R2 = 0.48; confluence t: P = 0.00021, R2 = 0.56).
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work demonstrated how the ultrasonic insertion was able to cut
without burning the bone and allowed for a higher percentage of
healing.12

Many studies have been carried out to evaluate the advantages
of these instruments from a clinical point of view as well as the
influence they can have on the healing of the bone tissue and the
effects on the bone cells along the osteotomy line.

Studies carried out on animal models have mainly been
addressed to the evaluation of the healing characteristics of the bone
tissue after osteotomy carried out by piezosurgery. Such studies have
highlighted the various advantages connected with the use of this
instrument in respect to the traditional cutting instruments, such as
the bone cutter and saw. The advantages include an improvement in
the healing of the bone tissue, mainly due to an extremely favorable
condition that reduces or eliminates the inflammation of the bone
before the beginning of the regeneration phase.11 The more favor-
able response of the bone after piezosurgery may also be evaluated
on the basis of the percentage of postsurgery bone reabsorption/
regeneration.11 The only limitations of the piezoelectric terminal
seem to be those connected to the difficulty in using it in regions
with limited access and in cutting thick bones.26

On the basis of previous studies, the histologic sections ob-
tained with the piezoelectric terminal, differently from those ob-
tained with the traditional rotating instruments, show a total absence
of necrosis, vital osteocytes of normal morphology and size, and no
cell suffering.18

In this study, the histologic preparations obtained from
samples taken with the piezoelectric terminal showed cleaner oste-
otomic lines than those on the samples obtained with the rotating
cutter. This phenomenon is probably due to the characteristics of the
piezoelectric terminal that, as previously stated, allows for extreme
precision, thanks to the microvibration, causing minimum trauma.

No statistically significant differences were found in this
study between the margin of necrosis measured in samples taken
with the piezoelectric terminal (average width, 1.57 Km) and those
obtained with the conventional cutter (average width, 2.23 Km). The
presence of a thin necrotic line seemed to be physiological, which is
correlated to a fissure of a cut near which it is normal to find a
margin of inevitably necrotic cells in that they are affected by the cut.
Notwithstanding this, the samples taken with the cutter showed a
margin of necrotic tissue generally smaller than those reported in
previous studies.19 It is also probable that a cut affected with a good
irrigation that stops the temperature from rising, together with a
clean cut by the surgeon, may avoid wide edges of necrosis even in
those biopsies done with a rotating cutter.

However, few studies have been done on a biomolecular level.
A study carried out on bone chips taken with various techniques and
placed in cultures in the absence of growth factors shows a lack of
correlation between the methodology of taking the samples and the
speed of growth and osteoblastic growth marker expression.20 One
factor that seems to influence quickness of growth is the size of the
bone chip, which, however, in the current study was the same for the
various methods used for taking the samples.11,21 The cells deriving
from the samples taken with the piezoelectric terminal showed
an initial growth on average at day 14.1 and reached on average a
confluence at day 17.95. In the cultures of cells obtained with
samples taken with the rotating cutter, instead, the cells showed an
average initial growth at day 14.27, whereas around day 22, they
reached a cell confluence. Even in this case, the lack of statistical
significance in the comparisons of the growth and confluence times
in the biopsies taken with the piezoelectric terminal and with the
cutter probably means that the different types of instruments used
for the osteotomy do not significantly influence the time of the
beginning of growth nor the confluence time, but it is not to be
excluded that other factors determine the differences.

With regard to this, a bivariated analysis was carried out that
showed a relationship between the in vitro cell growth time and cell
confluence with the age of the subject participating in the study. It
was noticed that there was a significant relationship between the
beginning of growth time and the age of the donor and an even more
significant one between the confluence time and the age ( F9Fig. 9). It
can therefore be concluded that more than the type of instrument
used for the surgery, it seems that the age of the patient is the
discriminating factor to obtain a better and quicker regeneration of
the bone tissue.

Although there have been many studies to evaluate the his-
tologic characteristics, on human as well as animal preparations,
obtained with various instruments, there are very few that are aimed
at analyzing the existence of differences in the expression of dif-
ferent bone makers on a level of the edges of the cut.

After the evaluation of the induction of the OPG and OPN
RNA, carried out by RT-PCR, it was noted that the expression of
these bone tissue markers does not seem to be correlated with the
surgical techniques used but more with the genotype characteristics
of the patient. Given the limited number of samples available in this
study, however, this parameter requires further evaluation.

In conclusion, the healing process of the tissues and bone
regeneration results in being correlated to 2 main factors: the re-
sponse of the host to the surgical intervention and the technique used.

The first factor, which is biologic, depends on:
- the general characteristics of the host, such as the biologic age and
relative number of stem cells available for the healing, the efficiency
of the vascularization of the surgical wound, eventual tabagism, and/
or the presence of microangiopathies and other specific factors22;

- the local characteristics of the tissue site of the intervention. These
vary according to the facial and tissue biotype and the degree of
atrophy that has affected the site of the defect.23 The atrophy,
for example, of an edentate area involves the mineralized tissues
(modifying the quality and the quantity of the residual bone crest) as
well as the soft tissue (reducing the thickness and the degree of
vascularization of the mucous).

The second factor depends on the expertise and ability of the
surgeon. The instruments used also have an influence on the results
of the intervention: a lesser traumatic and evasive intervention that
determines a better postoperative course, such as the piezoelectric
technique, is certainly to be considered preferable.24,25

The critical evaluation of the results obtained correlated with
the simplicity of the operative technique ,the improved intraoper-
ative visibility, the respect for the nerve and vascular structures
(thanks to the modulated and selective ultrasonic frequency on the
mineralized tissue), and the maximum precision in cutting and the
minimum damage to the tissue that allows for a reduction of
the postoperative discomfort of the patient all make the piezoelectric
technique, in respect to that of the osteotomy with the rotating cutter,
efficacious and indicated a wide use in oral and maxillofacial
surgery.
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24. Landes CA, Stübinger S, Rieger J, et al. Critical evaluation of
piezoelectric osteotomy in orthognathic surgery: operative technique,
blood loss, time requirement, nerve and vessel integrity. J Oral
Maxillofac Surg 2008;66:657Y674
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La chirurgia orale piezoelettrica

P O S I T I O N  P A P E R  ( 7 - 1 4 ) M. PASI, R. VINCI, D. DI STEFANO, E.F. GHERLONE

Ateneo Vita-Salute San Raffaele di Milano
Corso di Laurea in Igiene Dentale
Unità Operativa di Odontoiatria
Direttore: prof. E.F. Gherlone

IOS

Punti chiave 
1. Gli ultrasuoni sono usati da decenni in numerose branche della medicina diagnostica e terapeutica.

2. Pur essendo stati usati in chirurgia orale fin dagli anni Settanta, è solo con l’avvento del terzo Millennio che vengo-

no condotti studi che confermano i vantaggi dell’utilizzo del terminale piezoelettrico in chirurgia orale e maxillo-

facciale.

3. Gli interventi eseguiti con l’utilizzo del manipolo piezoelettrico non solo permettono un minor danno dei tessuti

duri interessati (in particolare l’osso) e l’assoluto rispetto dei tessuti molli, ma danno un maggior confort al pazien-

te sia durante l’intervento sia nel decorso postoperatorio, dove anche la guarigione è più rapida.

4. L’accusa di eccessiva lunghezza dell’intervento eseguito con il metodo piezoelettrico rispetto all’uso di strumenti

rotanti è oggi superata dal miglioramento delle apparecchiature e dei materiali di costruzione delle punte. Il poco

tempo in più che si impiega è ampiamente ripagato dai vantaggi in termini di sicurezza, diminuito stress per il

paziente, minor tempo di guarigione e di osteointegrazione degli impianti.

5. Alla luce di queste considerazioni riteniamo oggi la chirurgia piezoelettrica non più una semplice alternativa all’uti-

lizzo di strumenti tradizionali, ma una nuova tecnica che deve sostituire frese e scalpelli in molte applicazioni cli-

niche, in particolare germectomie, estrazioni di denti inclusi o anchilosati, rialzo del seno mascellare per via latera-

le o crestale, espansione ossea crestale (split-crest), prelievi in blocco o di chips intra ed extra-orali.

Key points

TThhee  oorraall  ppiieezzoossuurrggeerryy

1. Ultrasonic waves have been used for many years in medicine for several diagnostic and therapeutical purposes

2. Modulated ultrasonic frequency are used in oral surgery since the 70ies , but only in recent years  histomorpho-

metric studies have confirmed their advantages in oral and maxillo-facial surgery.

3. Piezosurgery handpieces allow highly precise and safe cutting of hard tissue (in particular bone), without

harming nerves, vessels and soft tissues. The comfort for the patient is better during and after surgical treat-

ment, with a more rapid healing.

4. The difference in time required for surgical procedures between piezosurgery and  conventional technique is

negligible today. The little more time necessary is repaid by excellent wound healing, reduced patient stress and

no soft tissue injuries.

5. The piezosurgery technique is  not only a simple alternative to traditional rotating instruments, but also a new

technique for germectomy, impacted or ankylosed  teeth, maxillary sinus floor lift, crestal bone splitting, intra

and extra oral bone grafting (blocks or chips).
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Introduzione

■ Gli ultrasuoni sono utilizzati da decenni in medi-
cina, in campo sia diagnostico sia terapeutico.
L’ecografia è utilizzata per una ricerca tridimensio-
nale non invasiva, mentre da un punto di vista
curativo essi sono impiegati per la litotripsia sia in
urologia sia in otorinolaringoiatria, e inoltre in neu-
rochirurgia, ortopedia, dermatologia e oculistica.
In odontoiatria sono stati utilizzati per la prima
volta negli anni Settanta (1); quindi altri Autori
hanno accennato a un loro uso in chirurgia ossea
nel decennio successivo (2), ma solo sul finire del
secolo scorso sono stati pubblicati sempre più
numerosi lavori clinici sull’utilizzo del terminale
piezoelettrico nel rialzo del pavimento del seno
mascellare (3) e nell’espansione alveolare (4).
Con l’avvento del terzo Millennio la chirurgia pie-
zoelettrica ha preso sempre più piede in odontoia-
tria, anche grazie alla messa a punto di apparec-
chiature più performanti e di punte di materiali e
forme più adatte a ogni esigenza. In particolare
questa tecnica chirurgica trova oggi applicazione
nelle estrazioni di germi dentari (in pazienti anche
molto giovani) e in quelle di denti inclusi in conti-
guità con strutture delicate, come il nervo mandi-
bolare, il seno mascellare, le radici di denti adia-
centi, nell’asportazione di cisti dei mascellari. Nella
chirurgia endodontica: nel rialzo del pavimento del
seno mascellare, nell’espansione della cresta alveo-
lare, nelle biopsie ossee, nei prelievi di osso dalla
branca montante e dal corpo della mandibola, ma
anche dalla teca cranica parietale, nella rimozione
di impianti e mezzi di osteosintesi.
In chirurgia ortodontica e in tutti i casi di osteopla-
stica o osteotomia dei mascellari e nella prepara-
zione dei siti implantari.

Caratteristiche del taglio piezoelettrico

■ Gli ultrasuoni sono un particolare tipo di onde
meccaniche tridimensionali “elastiche”, caratteriz-
zate da una frequenza superiore a 25.000 Hz. Gli
ultrasuoni vengono prodotti in due modi differen-
ti: per magnetostrizione (un fascio di lamelle di
metallo oscilla in una bobina attraversata da cor-
rente alternata), come nei primi ablatori del tarta-
ro, oppure sfruttando il fenomeno della piezoelet-
tricità, caratteristico di materiali a struttura cristalli-
na definiti “trasduttori” (inizialmente cristalli di

quarzo che modificano le proprie dimensioni
quando vengono attraversati da una carica elettri-
ca, successivamente sostituiti da ceramiche a strut-
tura cristallina). L’effetto piezoelettrico può essere
diretto (variazione di potenziale generata produ-
cendo modifiche dimensionali sul trasduttore: da
Piezein: comprimere, pressare). Ma per praticità
nelle apparecchiature medicali si utilizza l’effetto
piezoelettrico inverso, in cui si ottiene una varia-
zione dimensionale del trasduttore applicando una
differenza di potenziale ai suoi estremi.
Le caratteristiche fisiche del taglio piezoelettrico
sono:
• Microvibrazione: le microvibrazioni sviluppate
dall’apparecchio piezoelettrico si trovano in un
intervallo compreso tra 27.000 e 29.500 Hz; l’am-
piezza della vibrazione, sia sul piano orizzontale
(60/200 µm) sia sul piano verticale (20/60 µm),
varia in rapporto alla forma e al tipo di inserto.
• Hammering action: deriva dall’alternarsi di
due tipi di onde ultrasoniche con λ differente, una
corta e una lunga, e consente di mantenere l’inser-
to costantemente pulito (diversamente il tessuto
osseo, accumulandosi, verrebbe letto dallo stru-
mento come tessuto non mineralizzato e tutta l’e-
nergia cinetica presente verrebbe trasformata in
calore generando necrosi dei tessuti limitrofi).
• Effetto di cavitazione: grazie alla presenza
della soluzione fisiologica necessaria per il raffred-
damento, si produce questo fenomeno fisico carat-
terizzato dalla formazione di bolle di vapore a bas-
sissima pressione che, implodendo, danno origine
a un’azione meccanica di pulizia, rendendo il
campo operatorio esangue.

Le principali caratteristiche cliniche del terminale
piezoelettrico sono:
• Taglio selettivo: permette un taglio preciso e
sicuro dei tessuti duri, permettendo di operare in
campi operatori ad alto rischio anatomico (muco-
se, membrane, vasi sanguigni, SNC e SNP), come
conseguenza della bassa frequenza ultrasonica
modulata (5).
• Taglio micrometrico: conferisce allo strumento
un alto controllo chirurgico, una maggiore preci-
sione, una maggiore sicurezza intraoperatoria,
limitando nel contempo il danno tissutale, in parti-
colar modo agli osteociti (6). 
• Sito esangue: è una conseguenza dell’effetto di
cavitazione già descritto.

M. Pasi, et al.
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L’uso del terminale piezoelettrico presuppone un
periodo di apprendistato per l’operatore. Infatti, è
necessario guidare lo strumento lungo la linea
osteotomica prefissata senza praticare alcuna pres-
sione, in quanto questa impedirebbe la corretta
vibrazione della punta, provocando contempora-
neamente surriscaldamento dell’osso e la possibile
frattura dell’inserto.
Con l’utilizzo corretto dello strumento si è potuta
valutare clinicamente la migliore accettazione dei
pazienti nei confronti degli strumenti rotanti: infatti
la vibrazione non è quasi apprezzabile. Inoltre, l’a-
traumaticità verso i tessuti molli, permette di effet-
tuare tagli e scollamenti dei tessuti più ridotti e
minori divaricazioni degli stessi anche dove la visi-
bilità non è ottimale. Questa riduzione delle
manovre, associata alle caratteristiche di taglio
dello strumento, riduce poi di molto l’edema
postoperatorio, migliorando quindi il “gradimento”
del paziente verso questo tipo di approccio chirur-
gico, come già affermato da altri Autori (7). 
Oltre alla valutazione clinica, si stanno conducen-
do studi istomorfologici sui tessuti trattati con il
terminale piezoelettrico, in confronto agli strumen-
ti rotanti. Sono state studiate la quantità di osso
necrotico sulla superficie di taglio, la velocità di
crescita degli osteoblasti, l’espressione genica di
marker degli stessi osteoblasti. La qualità dell’o-
steotomia piezoelettrica è migliore se comparata a
quella eseguita con strumenti rotanti sia in termini
di precisione sia in termini di rispetto del tessuto
osseo. Biopsie eseguite successivamente a proce-
dure chirurgiche effettuate con terminale piezoe-
lettrico indicano una maggior crescita ossea rispet-
to a quella riscontrata in seguito all’utilizzo di frese
rotanti. Dai risultati preliminari si ritiene che ciò
possa essere dovuto alla minore percentuale di
necrosi evidenziabile sulla linea osteotomica (fig.
1). Allo stesso modo la biologia molecolare evi-
denzia un maggior rispetto dell’osso prelevato con
la tecnica piezoelettrica, confrontata con qualun-
que tipo di strumento rotante. La chirurgia piezoe-
lettrica fornisce una migliore risposta ossea anche
in termini di rigenerazione, in accordo con altri
studi che hanno confrontato i livelli di riassorbi-
mento e rigenerazione ossea dopo chirurgia reset-
tiva effettuate con differenti metodiche (8, 9).
Anche le sedi donatrici di prelievi ossei vanno
incontro a una miglior guarigione con una più
precoce e matura ricostituzione ossea.

Riassumendo, il margine di necrosi ha uno spesso-
re medio di 1,57 µm nei campioni prelevati con
terminale piezoelettrico e uno spessore di 2,23 µm
in quelli prelevati con frese convenzionali. I cam-
pioni prelevati con terminale piezoelettrico in
media presentano un’iniziale crescita al giorno
14,1 e giungono in media a confluenza al giorno
17,95, mentre i campioni prelevati con fresa rotan-
te presentano in media un’iniziale crescita al gior-
no 14,27 ma giungono a confluenza mediamente
al giorno 22. Ulteriori studi saranno necessari per
valutare gli effetti biologici del terminale piezoelet-
trico e degli strumenti rotanti sulla guarigione
ossea nel lungo termine.

Ambiti di applicazione e casi clinici

■ L’uso del terminale piezoelettrico è ormai entrato
nella nostra routine quotidiana, considerati gli
innumerevoli vantaggi che ha portato in termini di
sicurezza e di tranquillità del paziente, oltre a
quelli biologici esposti sopra. Vediamo quali sono
i campi di applicazione più comuni.
• Germectomie: l’estrazione di germi dentari,
generalmente dei denti del giudizio inferiori o di
soprannumerari, viene quasi sempre effettuata su
pazienti molto giovani, con tutte le implicazioni di

La chirurgia orale piezoelettrica
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Fig. 1 - Spessore della linea di necrosi sul margine osteotomico
con frese rotanti (a sinistra) e con terminale piezoelettrico
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tipo ansioso e quindi di scarsa collaborazione che
ne conseguono. Inoltre, proprio per la giovane età
dei pazienti, è ancora più importante rispettare il
più possibile le strutture anatomiche interessate dal-
l’intervento. Si cerca di rendere il meno traumatico
possibile l’intervento già dalla fase dell’anestesia,
utilizzando un iniettore elettronico (SleeperOne -
DHT/MC Italia, Lainate) e aghi atraumatici (DHT),
un altro ausilio alla moderna chirurgia orale. Con le
più moderne apparecchiature piezoelettriche è pos-
sibile eseguire anche l’odontotomia, dividendo il
germe in modo da estrarlo da una minima breccia
ossea, senza assolutamente ricorrere a strumenti
rotanti (figg. 2, 3).
• Estrazione di denti inclusi o anchilosati: l’a-
vulsione di denti inclusi, anchilosati o addossati a
denti contigui, può metterci in difficoltà proprio

per il rischio di ledere le strutture vicine al dente
da estrarre con l’utilizzo di frese in zone dove la
visibilità è compromessa. Il terminale piezoelettri-
co, mediante l’uso combinato di punte taglienti e
di punte diamantate (più adatte a “consumare” l’os-
so, senza una vera e propria capacità di taglio),
permette di agire con maggiore sicurezza. Inoltre,
l’incisione ossea conservativa permessa dal termi-
nale piezoelettrico e il danno osseo molto contenu-
to permettono di riposizionare lo sportello al termi-
ne dell’intervento: questo favorirà ancora di più la
guarigione, in termini sia di rapidità sia di qualità,
creando una cavità chiusa che conterrà il coagulo
che darà origine all’ossificazione (figg. 4-6).
In caso di denti voluminosi, se lo spazio è suffi-
ciente, si può ricorrere all’uso di strumenti rotanti
per separare la corona dalle radici, al fine di ridur-

M. Pasi, et al.
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Fig. 4 - Apertura dello sportello osseo per
visualizzare e isolare 3.8 con apici a con-
tatto con il canale mandibolare

Fig. 5 - Odontotomia Fig. 6 - Osteosintesi: si nota il perfetto
adattamento dei margini dell’osso aspor-
tato al sito di origine, grazie al taglio
micrometrico del terminale piezoelettrico

Fig. 2 - Coronotomia del germe dell’ottavo Fig. 3 - La divisione completa del germe
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re la durata dell’intervento, senza compromettere
l’osteotomia e senza avvicinarsi alle strutture più
delicate.
• Asportazione di cisti dei mascellari: allo stes-
so modo, l’utilizzo del terminale piezoelettrico si
rivela molto utile negli interventi di enucleazione
di cisti di qualunque origine. Utilizzando una
punta diamantata è possibile rimuovere l’osso
sovrastante senza ledere la parete cistica, facilitan-
done quindi l’asportazione (figg. 7, 8). Anche in
questo caso è possibile richiudere la cavità utiliz-
zando il tassello di osso asportato (fig. 9). La gua-
rigione, anche in caso di grandi cavità, è molto
rapida (fig. 10).
• Chirurgia endodontica: per gli stessi motivi
esposti nei paragrafi precedenti, l’apicectomia e
l’asportazione di lesioni periapicali presentano

La chirurgia orale piezoelettrica
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notevoli vantaggi, a fronte di ridotti rischi per le
radici e le strutture adiacenti (seno mascellare,
forame mandibolare, …).
• Rialzo del pavimento del seno mascellare: il
rialzo della membrana del seno mascellare è stato,
insieme all’espansione crestale, l’intervento che ha
fatto conoscere e apprezzare la tecnica chirurgica
piezoelettrica (3, 10). L’utilizzo di un inserto dia-
mantato a media potenza e media frequenza per-
mette di erodere l’osso fino alla membrana di
Schneider, senza correre il rischio di lederla (figg.
11, 12) (11). Dopo aver visualizzato la membrana
del seno con la punta diamantata, utilizzando un
inserto liscio a cono rovesciato, usato a bassa
potenza e bassa frequenza, si inizia a scollare la
membrana stessa dal pavimento osseo; quindi,
sempre a bassa potenza, con degli scollatori smussi

Fig. 7 - Cisti follicolare a carico di 48 ritenuto Fig. 8 - La parete cistica intatta dopo asportazione della parete
ossea con punta diamantata del manipolo piezoelettrico

Fig. 9 - L’osteosintesi Fig. 10 - Controllo radiografico a 6 mesi: si noti la completa
ricostituzione del tetto del canale mandibolare
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non taglienti, si può terminare la mobilizzazione
della membrana (figg. 13-15).
Altri Autori ritengono invece che la percentuale di
perforazioni della membrana di Schneider non
presenti significative differenze con l’utilizzo della
tecnica piezoelettrica in alternativa agli strumenti
rotanti (12), ma bisogna considerare che la perfo-
razione può intervenire anche in un secondo

momento, durante il ribaltamento della finestra
ossea o lo scollamento della membrana stessa.
Anche il rialzo del seno per via transcrestale può
essere effettuato con tecnica piezoelettrica, utiliz-
zando le punte per la preparazione del sito
implantare: anche se gli studi sono ancora in fase
preliminare, rispetto all’uso degli osteotomi, il
rischio di perforazione è nettamente inferiore e il
comfort per il paziente largamente superiore, eli-
minando inoltre la possibilità di labirintite che si
manifesta in un certo numero di casi dopo l’uso di
osteotomi e martello.
• Espansione della cresta ossea: come già
detto, questa tecnica di chirurgia orale è stata,
insieme alla precedente, quella che ha tratto mag-
gior giovamento dalla diffusione dell’utilizzo delle
apparecchiature piezoelettriche. In caso di creste
estremamente sottili o affilate può essere utile ini-
ziare l’intervento separando le due corticali, per il
primo millimetro, con uno scalpello estremamente
sottile o con una lama da bisturi tipo Beaver: que-
sto facilita l’uso successivo di una punta tagliente

M. Pasi, et al.
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Fig. 11 - Realizzazione finestra di accesso al seno mascellare di
osteotomia piezoelettrica

Fig. 12 - Finestra ultimata. Da notare l’importante spessore cor-
ticale

Fig. 13 - Con apposito inserto si ultima il distacco della finestra Fig. 14 - Con apposito inserto si inizia lo scollamento della
membrana sinusale

Fig. 15 - Prosegue in sicurezza la delicata manovra
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che deve essere fatta penetrare al centro della cre-
sta (fig. 16). Successivamente si può utilizzare un
inserto non tagliente sui margini mesiale e distale,
in modo da limitarsi ad approfondire il taglio, mar-
cato con tacche millimetrate, che ci permettono di
conoscere esattamente la profondità della nostra
osteotomia (fig. 17). Lo scalpello verrà quindi
introdotto delicatamente nel taglio, senza necessità
di colpi di martello, in quanto non deve ulterior-
mente tagliare, ma solo divaricare le pareti ossee
(fig. 18). Infine, con l’uso di osteotomi o frese o,
meglio ancora, degli appositi inserti piezoelettrici,
si rifinisce la sede implantare e si inseriscono gli
impianti (figg. 19).
• Biopsie ossee: per tutte le caratteristiche positi-
ve del taglio piezoelettrico menzionate nei para-

grafi precedenti, le biopsie ossee effettuate con
questa tecnica permettono l’esame anche dei mar-
gini della lesione asportata, cosa indispensabile in
caso di lesioni tumorali o comunque proliferative.
• Prelievi ossei intraorali: la progressiva dimi-
nuzione dell’utilizzo di membrane e materiali allo-
plastici, dopo le grandi speranze dei primi anni
Novanta, unitamente alle sempre maggiori richie-
ste di terapia implanto-protesica da parte dei
pazienti, ha determinato una crescente necessità di
innesti ossei al fine di ricostituire un’anatomia ade-
guata all’inserimento protesicamente guidato degli
impianti. Questi, per poter dare un risultato esteti-
camente e funzionalmente adeguato e una certez-
za di risultati positivi a lungo termine, devono
essere inseriti nella posizione e con un asse corret-
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Fig. 16 - Separazione delle due corticali con inserto tagliente sui
tre margini

Fig. 17 - Approfondimento dell’osteotomia

Fig. 18 - Divaricazione delicata tramite scalpello

Fig. 19 - Inserimento
degli impianti
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to e con un diametro adeguato all’elemento da
sostituire. Tutto questo sarà dettato dal progetto
della protesi che dovrà essere supportata.
Gli innesti di osso autologo prelevati da siti intraorali
(preferibilmente ramo e corpo della mandibola) sono
in grado di soddisfare gran parte delle esigenze rico-
struttive. Sia in narcosi sia in anestesia locale, l’utilizzo
della tecnica piezoelettrica ha permesso di effettuare
lembi più piccoli, minori scollamenti dei tessuti molli,
tagli più precisi con risparmio di tessuto osseo e
migliori guarigioni (figg. 20, 21). Il taglio longitudina-
le, così come quelli mesiale e distale, vengono effet-
tuati con un inserto tagliente utilizzato alla massima
potenza e frequenza disponibili. Molto importante è il
taglio inferiore che viene effettuato con appositi

inserti con la parte tagliente inclinata di 90° rispetto al
manipolo (e quindi speculari per essere utilizzati a
destra o a sinistra): questo taglio è molto difficile da
effettuare con strumenti rotanti per la difficoltà di
vedere e di tenere lontani i tessuti molli per non
lederli gravemente (fig. 22). D’altra parte è molto
importante discontinuare la corticale su tutti i quattro
margini del prelievo, per evitare di fratturare il prelie-
vo stesso o addirittura tutta la corticale fino al margi-
ne inferiore della mandibola (per insufficiente
profondità del taglio inferiore). Grazie all’utilizzo del
terminale piezoelettrico non si corre il rischio di lede-
re il nervo mandibolare, anche se a volte questo
viene visualizzato dopo l’asportazione del prelievo.
La guarigione del sito donatore e dell’innesto è
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Fig. 20 - Prelievo dal
ramo destro della
mandibola

Fig. 21 - Le osteo-
tomie effettuate e
il prelievo pronto
per essere rimosso
dal sito donatore

Fig. 22 - L’inserto per il prelievo destro Fig. 23 - Prelievo dall’osso parietale destro (calvaria) effettuato
con tecnica piezoelettrica
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migliore e più rapida, in confronto a quella con
strumenti rotanti (7).
• Prelievi ossei extraorali: nell’esperienza degli
Autori, l’osso di origine membranosa (intraorale o
da osso parietale ed occipitale) si è dimostrato il
migliore per le ricostruzioni preimplantari dei
mascellari (13).
Il terminale piezoelettrico si è dimostrato molto
utile anche in questo caso (fig. 23). Effettuando il
taglio della teca ossea con la tecnica piezoelettrica
si ha la possibilità di accertare lo spessore della
stessa senza alcun rischio di lesione della dura
madre (14): l’esposizione della dura è un’evenien-
za che può occorrere con una certa frequenza, ma
non è una complicanza se non si provocano lesio-
ni della stessa.
• Preparazione di siti implantari: attualmente
sono disponibili inserti per pochi tipi di impianti,
di conseguenza la tecnica non può ancora avere
una grande diffusione nemmeno tra gli utilizzatori
della chirurgia piezoelettrica. Gli studi preliminari
sono però molto incoraggianti, soprattutto per
quanto riguarda la velocità di guarigione e di
osteointegrazione degli impianti (15).
• Altre applicazioni: la chirurgia piezoelettrica
viene usata anche per la rimozione dei mezzi da
osteosintesi, ogni volta che sia necessario asporta-
re l’osso che ha ricoperto placche o viti, limitando
il più possibile la quantità di tessuto rimosso.
Allo stesso modo vengono utilizzati inserti diamantati
molto sottili (simili a frese a fessura), per rimuovere
impianti falliti, asportando pochissimo osso attorno
all’impianto: in questo modo è spesso possibile rein-
serire un impianto anche immediato. Inoltre, analo-
gamente a quanto avviene per i denti anchilosati, si
evitano possibili danni alle strutture adiacenti.
Il terminale piezoelettrico viene utilizzato per l’o-
steotomia, necessaria per posizionare un distratto-
re verticale, con indubbi vantaggi in termini di
sicurezza e rispetto del periostio del lato linguale.
Anche in chirurgia ortodontica la tecnica piezoelettri-
ca è di ausilio, per esempio nella disgiunzione palati-
na o nel coadiuvare gli spostamenti dentali (16).

Conclusioni

■ La chirurgia orale, grazie all’introduzione e alla
diffusione della tecnica piezoelettrica, ha compiuto
un notevole passo in avanti, in termini di miglior
qualità e rapidità di guarigione, ma anche di sicu-

rezza per operatore e paziente. Inoltre, durante gli
interventi in anestesia locale, particolarmente in
pazienti molto giovani oppure ansiosi, la tranquil-
lità e il gradimento dimostrato dagli stessi, permet-
tono di operare con maggiore attenzione rivolta
all’intervento. Il postoperatorio, nei giorni imme-
diatamente seguenti l’intervento, sia in anestesia
locale sia in narcosi, si presenta generalmente più
“confortevole” per il paziente, con edema più con-
tenuto e minor dolenzia. La miglior qualità del
taglio piezoelettrico, con più rapida guarigione
delle osteotomie e dell’osteointegrazione, rendono
migliore anche il postoperatorio a distanza di
tempo.
L’accusa di eccessiva “lentezza” solitamente mossa
alla tecnica piezoelettrica, è oggi caduta grazie alla
potenza delle apparecchiature e alla varietà di
inserti per ogni richiesta (5, 12): inoltre, la miglior
visibilità dovuta al sito esangue, la maggiore colla-
borazione da parte del paziente, la sicurezza di
non ledere tessuti delicati adiacenti, possono esse-
re fattori che rendono l’intervento addirittura più
rapido.
Riteniamo che oggi la tecnica chirurgica piezoelet-
trica debba affiancare e, dove ve ne siano le indi-
cazioni, sostituire le tecniche tradizionali, in parti-
colare ogni qual volta sia importante una maggio-
re qualità della guarigione ossea.
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1 Calvarial versus lliac Crest for Autologous bone graft material for a Sinus 
lift procedure: A Histomorphometric Study

 R. Crespi, R. Vinci, P. Capparè, E. F. Gherlone, G. E. Romanos
 JOMI The International Journal of Oral & Maxillofacial Implants volume 22 - numero 4 - 2007
 

2 A Randomized Prospective Multicenter Trial Evaluating the Platform-
Switching Techique for Preventing Postrestorative Crestal Bone Loss

 L. Prosper, S. Redaelli, M. Pasi, F. Zarone, G. Radaelli, E. F. Gherlone - 2007
 

3 CASO CLINICO:
 Riabilitazione Implantoprotesica fissa su innesti prelevati da Calvaria 
 R. Vinci, E. F. Gherlone, A. Lazetera
 News Letter Biosaf - 2007
 

4 CASO CLINICO: Rialzo di seno mascellare
 M. Pasi
 News Letter Biosaf - 2007
 

5 Le tecniche piezoelettriche, recentemente impiegate in chirurgia dei mascellari, 
consentono osteotomie precise e sicure nel rispetto delle strutture ossee

 R. Vinci
 Dental Cube 2 - Marzo 2007
 

6 Influenza del Desametasone nella germectomia piezoelettrica studio clinico 
controllato

 M. Del Brutto, C. Vianale, R. Mazzanti
 Poster I° Expo di Autunno 1 Dicembre 2007
 

7 Valutazione del comportamento di osteoblasti derivanti da cellule staminali 
di liquido amniotico su differenti superfici implantari
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CASO CLINICO: riabilitazione implantoprotesica fissa
su innesti prelevati da calvaria

Fig. 1• Panoramica preoperatoria Fig. 2 • Visione clinica preoperatoria Fig. 3 • Prelievo del primo innesto da osso 
parietale

Fig. 4 • Visione dell’area donatrice a pre-
lievo ultimato

Fig. 5 • Innesto posizionato nel seno ma-
scellare destro

Fig. 6 • Panoramica postoperatoria a 4 mesi di guari-
gione. Si noti la radiopacità degli innesti posizionati 
a destra nel seno mascellare e a sinistra ad onlay 
occlusale

Fig. 7 • Guarigione clinica del grande rialzo 
di seno destro a 5 mesi di guarigione

Fig. 8 • Guarigione clinica dell’innesto oc-
clusale a 5 mesi di guarigione

Fig. 9 • Pin di posizione inseriti nelle sedi 
implantari del mascellare destro con l’ausilio 
di dima chirurgica

Fig. 10 • Pin di posizione inseriti nelle sedi 
implantari del mascellare sinistro con l’ausilio 
di dima chirurgica

Fig. 11 • Particolare della fase di inserimento 
degli impianti Winsix

Fig. 12 • Visione occlusale degli impianti 
inseriti nel mascellare sinistro

Fig. 13 • Visione occlusale della sutura e 
delle viti di guarigione

Fig. 14 • Impronta presa con tecnica pick-up 
con analoghi connessi ai transfer

Fig. 15 • Modello di lavoro con monconi 
personalizzati

Fig. 16 • Monconi ottimizzati connessi nel 
cavo orale

Fig. 17 • Particolare dei monconi ottimizzati 
in zona 10: si noti lo stato di salute dei tes-
suti perimplantari

Fig. 18 • Visione interna della protesi fissa 
definitiva in zona 10

Fig. 19 • Visione frontale protesi definitiva 
destra

Fig. 20 • Visione frontale protesi definitiva 
sinistra

Si ringrazia per la gentile concessione il Prof. Enrico Gherlone
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Fig. 1 • TAC preoperatoria. Si noti la grave 
atrofia ossea del settore posteriore mascel-
lare destro

Fig. 2 • Visione occlusale della sella edentula Fig. 3 • Incisione della botola con inserto a 
seghetto del manipolo piezoelettrico lungo 
i contorni disegnati con la matita dermo-
grafica

Fig. 4 • Incisione terminata lungo tutto il 
perimetro della botola

Fig. 5 • Sollevamento della botola a nuovo 
tetto del seno mascellare innalzato

Fig. 6 • Innesto di bone-chips di osso autolo-
go nella cavità mascellare

Fig. 7 • Posizionamento di una membrana 
riassorbibile a protezione del materiale inne-
stato e a sostegno dei tessuti molli

Fig. 8 • Sutura. Si noti anche in questo caso 
lo stato di salute dei tessuti molli

CASO CLINICO: rialzo di seno mascellare

Si ringrazia per la gentile concessione il Prof. Enrico Gherlone
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1 Impianto troncoconico con componente protesica sottodimensionata per 
mantenere l’osso crestale

 L. Prosper, S. Redaelli, A. D’Addona, E. F. Gherlone
 Poster 13° Congresso Nazionale del Collegio dei Docenti di Odontoiatria - Roma 5-8 Aprile 2006
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1 Passivazione nella protesi implanto-supportata
 L. Prosper, S. Redaelli, T. D’Alicandro, A. D’Addona, E. F. Gherlone
 Implantologia Orale: rivista di clinica, ricerca, qualità anno 8 numero 5
 

2 Stabilizzazione della protesi mediante ancoraggio con mini impianti in 
pazienti con edentulia totale inferiore e atrofia del processo alveolare 

 D. Perazzolo, E. Cavalieri, S. Piovan, E. Stellini, E. D’Andrea  
 Poster 12° Congresso Nazionale - Collegio dei Docenti di Odontoiatria Roma - Palazzo dei Congressi 16-17-18-19 

Marzo 2005
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1 Follow-up a 4 anni di impianti post-estrattivi a diametro maggiorato
 L.Prosper, S.Redaelli, A.D’Addona, E. F. Gherlone 
 Poster n° 486 11° Congresso Nazionale - Collegio dei docenti di Odontoiatria
 

2 Follow-up a 4 anni di impianti con diametro maggiore inseriti in alveoli di 
recente estrazione in combinazione con una membrana riassorbibile o con 
un materiale alloplastico riassorbibile

 L. Prosper, E. F. Gherlone, S. Redaelli, M. Quaranta
 QE Implantologia la rivista per il Clinico anno 2 - Aprile 2004
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1 4 Year follow-up of larger diameter implants placed in fresh extraction 
sockets using a resorbable membrane or a resorbable alloplastic material

 L. Prosper, E. F. Gherlone, S. Redaelli, M. Quaranta
 JOMI The international journal of oral & maxillofacial implants volume 18- number 6
 

2 A system for the diagnosis, placement, and prosthetic restoration of root 
form implants (U.S. Patent # 5,769,636)

 F. Di Sario
 Journal of PROSTHODONTICS volume 12 - number 1 March
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1 Sistema implantare Winsix: Case-Report
 di un monoimpianto post-estrattivo in zona estetica
 L.Prosper
 (QO Quintessenza Odontotecnica anno 19 Marzo 2002 Verona)
 

2 Osteointegrazione a 5 anni di impianti sabbiati o sabbiati e mordenzati 
ritenenti protesi parziali fisse

 L. Prosper, F. Di Carlo, I. Vozza, M. Quaranta
 QI Quintessence International - versione italiana
 

3 La passivazione implantare diretta secondo la metodica Free Tense TM 
(Winsix Ltd, London, UK)

 S. Redaelli, L. Prosper, E. Gherlone, A. D’Addona
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1 Il carico immediato: studio prospettico e comparativo tra due diverse 
metodiche terapeutiche

 S. Redaelli
 

2 Clinical trial on osseointegration using sandblasted or sandblasted and acid-
etched implants

 S. Redaelli, L. Prosper, F. Di Carlo, A. Daddona, M. Quaranta
 

3 Implant-retained mandibolar overdentures with immediate loading: clinical 
and histological study

 G. Pompa, M. Cassetta, I. Vozza, R. Scaringi, M. Quaranta
 JDR Journal of Dental research volume 80 March 2001
 

4 Healing period of titanium implants with sandblasted and acid-etched surface
 L. Prosper, F. Di Carlo, S. Redaelli, R. Scaringi, M. Quaranta
 3° Word Congress of Osteointegration
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5.1.  Premesse e scopi

Gli scopi di questa indagine sono stati:

• Valutare, mediante uno studio prospettico con follow-up

di 5 anni, se impianti caricati immediatamente con

overdenture, in pazienti totalmente edentuli, sono in

grado di osteointegrarsi;

• Valutare se esistono differenze biologiche e

biomeccaniche nel breve e lungo termine tra le diverse

modalità di applicazione del carico immediato:

posizionamento in un unico tempo degli impianti dentali

e collocamento del restauro protesico nella stessa seduta

operatoria, o al più tardi entro 48 ore dall’atto chirurgico

vs utilizzo di impianti primari e secondari.

5.2.  Materiali e metodi

Nel periodo compreso tra gennaio 1995 e dicembre 1995, sono

stati posizionati 32 impianti con la tecnica del carico immediato (CI) e

32 impianti con la tecnica Primari/Secondari (IP/IS), in 16 mandibole
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edentule. Il sistema implantare utilizzato è stato Winsix (Winsix® Ltd,

London, UK); il tipo di riabilitazione protesica definitiva consisteva in

barra più overdenture.

5.2.1. Valutazione clinica ed anamnestica

Tra i 127 pazienti consecutivamente ammessi, nell’anno 1995,

sono stati selezionati 16 pazienti adulti che rispondevano ai seguenti

criteri di inclusione:

• Edentulia completa  della mandibola da almeno 3 mesi

• Difficoltà funzionali nell’adattarsi all’uso di protesi mobili

totali

• Livello di igiene orale adeguato

• Quantità dell’osso residuo a livello dell’area interforaminale

sufficiente a permettere l’alloggiamento di 4 impianti Winsix

di 3,3-3,8 mm di diametro ed almeno 10 mm di lunghezza. La

valutazione della quantità e morfologia dell’osso mandibolare

è stata effettuata tramite palpazione, OPT e teleradiografie

latero-laterali.

I criteri di esclusione sono stati i seguenti:

• Severa discrepanza dei rapporti intermascellari
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• Riflesso alla chiusura

• Bruxismo

• Paziente già sottoposto a inserimento di impianti in area

interforaminale

• Assunzione abitudinaria di alcool o farmaci

• Moderati o forti fumatori (più di 10 sigarette al giorno)

• Pazienti sottoposti a trattamenti radioterapici

• Pazienti trattati con chemioterapici antiblastici

• Pazienti affetti da malattia renale  o epatica cronica

• Diabete

• Emofilia, disordini della coagulazione o terapia cumarinica

• Disordini ossei dismetabolici

• Pazienti immunocompromessi, incluso l’HIV

• Terapia con farmaci steroidei in atto

• Gravidanza in corso all’epoca della valutazione pre-

operatoria

• Controindicazione generale alle procedure chirurgiche del

paziente

• Handicap fisici o psichici che interferiscano con il

mantenimento di un buon livello di igiene orale
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• Malattie della mucosa orale (come il Lichen Planus o il

Pemfigo).

I pazienti sono stati sottoposti ad una prima visita dove è stata

effettuata l’anamnesi, l’esame obiettivo, la valutazione e la

registrazione di tutti i dati del paziente. La visita includeva:

• Compilazione da parte del paziente di un questionario sulle

condizioni di salute generale

• Esame clinico intra ed extra-orale

• Procedure terapeutiche alternative

• L’informazione del paziente dei rischi e delle possibili

complicanze del trattamento

• Valutazione radiografica, che può comprendere:

• Ortopantomografia

• Teleradiografia latero-laterale

• Fotografie intraorali

• Esami di laboratorio di routine:

• Ematocrito

• Concentrazione di emoglobina

• Conta dei globuli bianchi

• Tempo di protrombina (PT)
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• Tempo di tromboplastina parziale (PTT)

• Piastrine

• ECG

Allo scopo di agevolare l’analisi dell’anatomia locale e

pianificare al meglio la fase chirurgica e protesica, veniva rilevata

preoperatoriamente un’impronta con alginato. Dalle impronte rilevate

venivano colati i modelli dell’arcata superiore ed inferiore, i quali,

grazie alla rilevazione dell'arco facciale e della dimensione verticale,

venivano posti in articolatore nella corretta relazione spaziale tra le

due arcate stesse. In questo modo è stata possibile la valutazione degli

elementi dentari da protesizzare e lo spazio interocclusale disponibile.

Oltre a ciò, a partire dai modelli in gesso, veniva fabbricata una

mascherina chirurgica in resina acrilica. Tale manufatto è dotato di

fori in corrispondenza dei punti di inserimento ideale, dal punto dei

vista biomeccanico, degli impianti.

La radiografia panoramica preoperatoria è stata eseguita

facendo portare al paziente la mascherina chirurgica con i fori riempiti

temporaneamente di materiale radiopaco in modo da poter rilevare

sulla panoramica le sedi previste di inserimento degli impianti.

La scelta della lunghezza degli impianti è stata dettata

principalmente dalla dimensione verticale residua della mandibola
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nella regione interforaminale.

5.2.2. Protocollo chirurgico e protesico

Lo studio è stato condotto su due gruppi di 8 pazienti ciascuno.

Il primo gruppo (CI) è stato sottoposto a carico immediato dei 4

impianti inseriti nella zona parasinfisaria. Nel secondo (IP/IS) sono

stati utilizzati 2 impianti primari e 2 impianti secondari.

Il protocollo chirurgico è stato lo stesso per entrambi i gruppi,

eseguito dal medesimo odontoiatra.

I prerequisiti per l’ottenimento di condizioni di asepsi sono stati

i seguenti:

• Manipolo contrangolo autoclavabile con il controllo della

velocità di rotazione, provvisto di irrigazione con soluzione

fisiologica sterile per il raffreddamento della fresa;

• Procedure chirurgiche, strumenti ed accessori vari sterili;

Poco prima dell’intervento chirurgico, il paziente ha effettuato

uno sciacquo per un minuto di una soluzione contenente clorexidina

digluconato allo 0,20% di concentrazione allo scopo di ottenere un

adeguato grado di asepsi locale. In seguito la cute nella regione

periorale è stata disinfettata con del povidone.
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Al paziente è stata somministrata una terapia antibiotica

profilattica un’ora prima dell’intervento e per la settimana seguente

mediante l’associazione di amoxicillina e acido clavulanico

(Augmentin). La profilassi includeva anche analgesici non steroidei, al

momento del bisogno.

I pazienti sono stati istruiti in modo dettagliato riguardo le

misure di igiene orale domiciliare da seguire, quali sciacqui con

soluzioni a base di clorexidina 0,20, spazzolamento regolare dei denti,

tipo di dieta da seguire.

L’inserimento degli impianti è stato effettuato previa

somministrazione di anestetico locale con premedicazione con

Diazepam (Valium, 0,2 mg pro kg, fino ad un massimo di 10 mg) 30

minuti prima dell’intervento.

La procedura chirurgica ha previsto un’incisione crestale che si

estendeva dalla regione molare di un lato fino al lato opposto con

incisioni di rilascio distali sul versante buccale. L’obiettivo è stato di

poter identificare agevolmente entrambi i fori mentonieri.

Quindi, dopo aver scollato il periostio da ambedue i versanti,

linguale e vestibolare, in modo da permettere l’identificazione ed il

controllo visivo di entrambi i lati della sinfisi mentoniera, si è valutato

se eseguire o meno un rimodellamento della cresta alveolare per
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ottenere una base ossea più larga e piatta. In questo caso, tale

accorgimento veniva eseguito con una fresa montata su manipolo

diritto a bassa velocità, sotto irrigazione con soluzione fisiologica

sterile.

La qualità dell’osso è stata giudicata clinicamente in entrambi i

gruppi durante la preparazione dei siti implantari secondo la

classificazione di Lekholm e  Zarb146.

I siti implantari sono stati preparati seguendo la procedura

standard relativa al sistema di impianti osteointegrati Winsix,

seguendo per quanto possibile le indicazioni della mascherina in modo

da ottenere il miglior asse di inserzione e localizzazione dal punto di

vista protesico.

A questo punto, nel gruppo CI, si è provveduto all’avvitamento

agli impianti dei monconi conici "Free Tense System®" e poi alla

sutura del lembo attorno ad essi. Nel gruppo IP/IS, invece, sono stati

posizionati sui due impianti centrali i monconi sferici "O-ring",

mentre sugli altri due sono state avvitate le cover screw.

Successivamente, nel gruppo CI, è stata presa l’impronta con la

tecnica pick-up utilizzando una copia della precedente protesi totale

rimovibile del paziente. Lo stesso giorno, il laboratorio ha sviluppato

il modello ed unito i transfert avvitati con resina autopolimerizzante

85



756

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2001

standard, che richiede un tempo minimo di 12 ore per indurire. In

seconda giornata, per minimizzare gli errori di posizione degli

impianti sul modello di lavoro, dovuti alla distorsione del materiale da

impronta, è stata utilizzata la tecnica della seconda impronta con i

transfert avvitati e legati tra di loro con resina autopolimerizzante

(Pattern Resin, GC Dental Products Corp, Tokio, Giappone). A tal

proposito, è utile sottolineare che l'odontotecnico, scadute le 12 ore,

aveva separato con un disco da 0,2 mm di spessore i transfert saldati,

in seguito riuniti dall’odontoiatra con un velo di resina (tecnica "sale e

pepe"). Questo passaggio, estremamente importante, serve per

superare il problema della contrazione da indurimento della resina.

Successivamente, il laboratorio ha costruito la barra e ribasato la

protesi con l’inserimento delle clip.

Il terzo giorno, infine, è stata posizionata la barra avvitandola a

mano, ed è stato controllato l’adattamento passivo utilizzando il test di

Sheffild (l’avvitamento da un lato della barra non determina alcun

sollevamento della cappetta dal lato opposto) . Successivamente è

stata posizionata la protesi.

Nel gruppo IP/IS l'impronta è stata presa il giorno

dell’intervento con la tecnica pick-up, con cucchiaio individuale, una

volta che tutti e 4 i transfert erano stati connessi agli impianti. A
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questo punto, il laboratorio ha sviluppato il modello con gesso di tipo

IV e ha progettato sia la protesi totale, da attivare sui due monconi

sferici centrali (O-ring) entro due giorni dall’intervento, sia il “lavoro

protesico” finale su barra, assumendo che si abbia osteointegrazione

anche sui due impianti immediatamente caricati.

Passati 3 mesi dalla fase chirurgica, verificata

l'osteointegrazione in essere dei due impianti centrali, sono stati

montati i 4 monconi conici (Free Tense System®) e da ultimo sono

state posizionate la barra e l'overdenture.

Non è stato necessario reimprontare la barra, visto che il

combaciamento della barra con i monconi conici era a filo dei tessuti

molli.

5.2.3. Follow-up

Nell’immediato post-operatorio è stata effettuata una OPT di

controllo a ciascun paziente; inoltre, ai pazienti sono state fornite

istruzioni sulle norme igieniche e dietetiche domiciliari da seguire nel

decorso post-operatorio: sciacqui con collutorio a base di clorexidina

digluconato allo 0,20% 3 volte al dì per 1 minuto circa per 3 settimane

e dieta liquida o semiliquida per le 2 settimane successive
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all’intervento.

Un primo check-up è stato effettuato dopo 7-14 giorni

dall’intervento durante la rimozione delle suture. Durante il controllo

sono state ripetute le istruzioni sulle norme di igiene orale da

mantenere (spazzolino da denti con setole morbide ed applicazioni

topiche con gel di clorexidina).

Entrambe le tecniche sono state, successivamente, monitorate

mediante radiografie endorali e indice di placca e di sanguinamento al

1°, 3°, 6°, 9°, 12°, 18°, 24° mese dall’applicazione del carico e quindi

annualmente fino al termine del periodo di follow-up di 5 anni. Ad

ogni richiamo annuale, le barre sono state rimosse e ciascun impianto

è stato testato individualmente, analizzandone la mobilità ed il

riassorbimento osseo. La mobilità implantare è stata controllata

manualmente mediante i manici di due specchietti odontoiatrici e

strumentalmente tramite Periotest (Periotest, Siemens, Bensheim,

Germania). Le misurazioni con il Periotest sono state effettuate per

ogni singolo impianto al momento della connessione dell’abutement,

rispettando le seguenti linee guida:

• Prima di effettuare la misurazione verificare la calibrazione

dello strumento (-2/+10 secondo le istruzioni del fabbricante)

• Mantenere il manico del Periotest in posizione orizzontale
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con il pulsante di start in alto

• Applicare il manico dello strumento perpendicolarmente alla

superficie buccale del moncone, il quale dovrebbe essere

posizionato a sua volta perpendicolarmente rispetto al

pavimento

• Mantenere la punta del Periotest ad una distanza non

maggiore di 4 mm dall’abutement

• Effettuare ogni registrazione appena sotto la superficie

coronale del moncone

• Eseguire tutte le misurazioni almeno due volte per ciascun

impianto. Solo una deviazione del valore di 1 unità periotest

tra le due misurazioni per lo stesso impianto può essere

accettata (altrimenti deve essere ripetuta)

• Per ogni impianto deve essere considerato il valore medio di

periotest. Qualunque impianto che presentasse mobilità

clinica al momento della connessione dell’abutement deve

essere rimosso. Nel nostro caso è stato escluso dallo studio.

Per identificare eventuale perdita di osso verticale attorno agli

impianti, visibile solo radiograficamente, sono state effettuate

radiografie (OPT ed endorali). Nel caso delle radiografie periapicali,

per rendere confrontabili i risultati ricavati dall’indagine radiografica,
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è stata utilizzata la dima in resina acrilica, precedentemente

predisposta per posizionare correttamente gli impianti, sulla quale è

stato realizzato un posizionatore individuale in polivinilsilossano,

collegato ad un centratore di Rinn che permetteva di riposizionare le

radiografie endorali eseguite in tempi diversi nella stessa proiezione

radiologica. Il grado di riassorbimento del tessuto osseo è stato

valutato utilizzando come punti di repere il livello della cresta ossea e

l’incavo collocato ad 1,4 mm dal margine dell’impianto che ne

circonda tutto il collo.

Per quanto concerne l’indice di placca si è utilizzato quello

modificato da Mombelli150, che rivela lo spessore della placca intorno

all’impianto (0 = no placca visibile; 1 = placca rimovibile solo

attraverso il passaggio della sonda sulla superficie marginale

dell’impianto; 2 = placca visibile ad occhio nudo; 3 = depositi molli di

placca in abbondanza); così anche per l’indice di sanguinamento, che

identifica lo stato di salute dei tessuti gengivali marginali (0 = non

sanguinamento al passaggio della sonda parodontale lungo il margine

gengivale intorno all’impianto; 1 = sanguinamento isolato; 2 =

sanguinamento confluente lungo tutto il margine; 3 = sanguinameno

profuso).

Ricordiamo che i criteri di successo adottati sono stati quelli di
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Albrektsson et al26 :

• Un impianto testato individualmente deve essere

clinicamente immobile

• Una radiografia non deve evidenziare alcuna

radiotrasparenza implantare

• La perdita ossea verticale deve essere inferiore a 0,2 mm

all’anno dopo il primo anno di carico

• Un impianto non deve presentare segni e sintomi quali

dolore, infezione, neuropatia o violazione del canale

mandibolare.

In questo studio sono state considerate anche eventuali

complicanze, le quali potevano essere di due tipi: associate o non

associate agli impianti. Le prime comprendono: la rottura

dell’estremità di una fresa nel corso della preparazione chirurgica del

sito implantare, la frattura dell’impianto o il fallimento della protesi

(più precisamente di una delle sue componenti). Le seconde

comprendono ogni altro evento avverso, di carattere moderato o

severo (ad es. traumi subiti durante il follow-up o comparsa di

patologie sistemiche). Gli eventi incorsi nello studio sono stati la

frattura dell’abutement (n=3), la frattura del materiale a livello

occlusale (n=1), la rottura della barra o della base protesica in acrilico
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(n=1), nessuno dei quali ha influito sul successo implantare.

5.2.4. Metodologia statistica

La statistica può essere definita come la scienza che studia i

fenomeni fisici e sociali suscettibili di variazione numerica. Applicata

alle indagini conoscitive, rende misurabile ed esprimibile

quantitativamente ciò che altrimenti potrebbe rimanere soltanto

un’impressione soggettiva. Essa fornisce una metodologia per valutare

i risultati di un esperimento “al di là della variabilità casuale”, ad

esempio permettendo di stimare sulla base di un campione i valori di

parametri riguardanti un’intera popolazione, di comparare più

fenomeni e stabilire se essi si diversificano per cause accidentali o per

cause sistematiche. Il metodo statistico non garantisce certezze

assolute, ma misura la probabilità della “verità” di un’ipotesi.

In pratica è conveniente distinguere tra statistica descrittiva e

statistica inferenziale: la prima si limita ad esporre i dati raccolti

tramite tabelle, diagrammi, grafici…, con l’obiettivo di permetterne

una lettura espressiva e senza equivoci. La seconda, invece, ha il

compito di analizzare ed elaborare i dati tramite appositi modelli

matematici e di estendere talune delle conclusioni derivabili da
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insiemi limitati di dati (campioni) a insiemi più numerosi

(popolazioni). Quest’ultimo procedimento è detto di inferenza

statistica, cioè di induzione delle conclusioni dal campione all’intera

popolazione (rappresentata dal campione).

Le analisi statistiche eseguite in questo studio sono state

effettuate applicando il programma SPSS su Personal Computer.

Tutte la variabili del protocollo sono state descritte

statisticamente, stimando la media, la deviazione standard, la mediana

e l’intervallo di variabilità per le variabili continue ed analizzando le

distribuzioni di frequenza per le variabili discrete.

Per confrontare statisticamente i due gruppi rispetto alle

variabili esaminate, sono stati utilizzati il test 2 o quello esatto di

Fisher (quando corretto) ed il test non parametrico di Mann-Whitney.

Il test 2 o quello esatto di Fisher sono stati usati per esaminare la

significatività statistica dell’associazione tra due variabili discrete; il

test non parametrico di Mann-Whitney per esaminare la significatività

statistica dell’associazione tra una variabile continua ed una variabile

dicotomica. E’ stata anche utilizzata l’analisi della varianza per misure

ripetute per esaminare le variazioni dei parametri clinici durante il

fillow-up. Le associazioni sono state considerate significative quando

è risultato p<0,05. La probabilità “p”, usualmente detta livello di
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significatività statistica, indica la probabilità che, nella popolazione

rappresentata dal campione, non vi sia associazione tra le variabili

considerate. Ciò significa che, tanto più p è piccola, tanto più è

probabile che esista, nella popolazione, una effettiva associazione tra

le variabili considerate.

5.3. Risultati

Durante l’anno 1995, su un totale di 16 pazienti trattati (10

donne e 6 uomini), con mandibole completamente edentule, sono stati

inseriti 64 impianti. Si è avuto nel 100% dei casi un follow-up a 5

anni.

L’età media dei pazienti era 59,1 anni (range 37-79 anni).

I due gruppi di pazienti sono risultati omogenei rispetto al sesso

e all’età (Tabelle 1,2).

Le caratteristiche geometriche lineari degli impianti nei due

gruppi sono mostrate nella Tabella 3.

La figura 1 mostra le percentuali di successo implantare al

termine del follow-up, nei due gruppi.

Tutti i 32 impianti appartenenti al gruppo CI si sono

osteointegrati.
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Dei 32 impianti inseriti nei pazienti appartenenti al gruppo

IP/IS, invece, ne sono falliti due, uno primario ed uno secondario. La

percentuale di successo implantare è stata del 93,8%, non differendo

significativamente da quella nel gruppo CI. L’impianto secondario

fallito era stato posizionato in zona 32: il paziente, dopo 3 mesi,

lamentava dolorabilità nella regione dove erano stati inseriti gli

impianti, alla visione clinica la gengiva perimplantare si presentava

infiammata ed edematosa, la mobilità clinicamente testata era

notevole (Periotest +8) ed all’indagine radiografica si notava una

radiotrasparenza che circondava l’impianto. Tutte queste alterazioni

hanno indotto alla rimozione dell’impianto, che è stato sostituito con

uno di diametro maggiore dopo abbondante irrigazione antibiotica.

Essendosi il nuovo impianto integrato non è stato necessario

modificare la barra. Il secondo impianto perso, un primario in zona 44,

è fallito dopo 5 mesi dal carico per mancanza di osteointegrazione.

Non presentava, però, una tasca attiva o dolenzìa, ma una perdita

ossea pari a 3,5 mm. Come nel caso precedente, si è provveduto alla

sostituzione dell’impianto con un di diametro maggiore, posizionato

con la tecnica standard e l’ausilio di una membrana non riassorbibile

rinforzata in titanio. L’overdenture per il periodo di quiescenza

dell’impianto ha continuato ad essere sostenuta dai due impianti
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secondari.

Complessivamente, il successo protesico, definito come

stabilità continua della protesi, in accordo ai criteri presenti in

letteratura,15,151 è stato pari al 100%.

Tutti gli impianti osteointegrati, di ambedue i gruppi, hanno

soddisfatto i criteri di successo implantare, menzionati nel precedente

paragrafo26. Le Tabelle 4-7 mostrano l’analisi comparativa tra i due

gruppi di pazienti e le statistiche descrittive dei parametri clinici

utilizzati nel definire il successo implantare, durante tutto il periodo di

follow-up. Nessuna differenza significativa è stata rilevata durante il

periodo di follow-up e tra i due gruppi (minimo p>0,41).

In particolare, i valori di Periotest per gli impianti osteointegrati

hanno mostrato un intervallo di variabilità compreso tra –5,58 e –4,45

nel gruppo CI, e –5,7 e –4,13 nel gruppo IP/IS (Tabella 6).

I valori del riassorbimento osseo sono risultati tutti consistenti

con i criteri di Albrektsson26.

5.4. Discussione

Il protocollo standard che si avvale del carico “differito”

rappresenta ancora il trattamento di scelta per ottenere
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un’osteointegrazione affidabile nel maggior numero di contingenze

cliniche15,26. Da alcuni anni è stata proposto il protocollo del

caricamento immediato, inizialmente applicato nella pratica clinica

nell’ambito della riabilitazione di mandibole completamente

edentule4. I risultati fin ora ottenuti sono promettenti ma, data

l’esiguità, in letteratura, di studi clinici controllati longitudinali e a

lungo termine123,127-132 il problema è ancora controverso. Tuttavia, per

soggetti con particolari caratteristiche bio-morfologiche, l’impiego di

un protocollo che preveda il carico immediato può essere davvero di

aiuto in quanto in grado di ridurre i tempi di attesa per la

protesizzazione definitiva124,131,132. In questi casi, l’esecuzione delle

procedure protesiche comporta l’unico disagio, per il paziente, di non

poter indossare la protesi per i primi due giorni dopo l’intervento. Nel

contempo, al momento della protesizzazione, si ottiene un’ottima

ritenzione che migliora nettamente il comfort del paziente5.

Scopo principale del presente lavoro è stato quello di indagare

l’effettiva efficacia a breve e lungo termine del caricamento

immediato di impianti supportanti overdenture in pazienti totalmente

edentuli.

La pianificazione dello studio e la scelta della tipologia di

pazienti ha considerato alcuni dei risultati esistenti in letteratura132. Il
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livello avanzato nella curva di apprendimento della metodica, derivato

da questi risultati, ci ha permesso, tra l’altro, di far propri i presupposti

necessari affinché si verifichi l’osteointegrazione. Tra questi vanno

riscontrati la necessità dello splintaggio degli impianti inseriti e la

scelta di pazienti, da riabilitare con overdenture inferiore supportata

da quattro impianti, con osso di tipo I o II, tale da permettere il

posizionamento di impianti lunghi, con buona stabilità primaria.

Un altro obiettivo è stato di confrontare due diverse modalità di

apprestarsi al carico immediato degli impianti. La prima metodica si è

avvalsa dell’inserimento di quattro impianti in regione

interforaminale, tra di loro splintati con una barra con profilo ad U in

titanio. Tale presidio pare essere in grado di conferire una notevole

stabilizzazione agli impianti stessi, minimizzando i movimenti di

rotazione dell’overdenture, poichè trasferisce i carichi

prevalentemente in direzione verticale annulando, così, ogni forma di

tensione. Per esempio, Graber & Besimo5 e Ledermann4, nei loro

studi, hanno mostrato che le fixture, in tal maniera, non vengono

esposte a movimenti che ne possono compromettere

l’osteointegrazione. La seconda metodica (“Impianti Primari/Impianti

Secondari”) ha, invece, previsto l’utilizzo combinato di due impianti

caricati immediatamente, quelli centrali dei quattro posizionati nella
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regione interforaminale, con due impianti (i laterali) caricati in due

tempi, secondo il protocollo standard36.

Complessivamente, nello studio, tra i 64 impianti si sono

verificati, entro 5 anni dal loro inserimento, solo 2 insuccessi. Si è

avuta perciò un’incidenza complessiva di successo implantare del

96,9% che è nell’intervallo di valori riportati in letteratura. Per

esempio, Degidi et al151, nella loro indagine clinica ed istologica,

comprendente 75 pazienti trattati sia con carico immediato (CI), sia

con carico non funzionale (CNF), hanno trovato il 3,1% di fallimento

nel gruppo CI e lo 0,9% di insuccesso in quello CNF. Nel nostro

studio, gli unici due insuccessi implantari si sono verificati entro un

anno dall’inserzione dell’impianto, con un’incidenza di poco più

elevata tra gli impianti inseriti nel gruppo IP/IS (2/32) che tra quelli

inseriti nel gruppo IC (0/32). Questo è un risultato non inaspettato e

consistente con i risultati di altri autori (e.g.123,133).

Considerando gli impianti dei gruppi CI e IP/IS separatamente,

l’incidenza di successo implantare a 5 anni è stata 100% tra gli

impianti appartenenti al gruppo CI e 93,8% tra gli impianti del gruppo

IP/IS. Albrektsson et al.26 hanno suggerito che, affinchè una procedura

implantare possa essere considerata soddisfacente, l’incidenza di

successo a 5 anni dovrebbe essere almeno dell’85%. Rispetto a questo
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criterio entrambi i tipi d’impianto possono dunque essere considerati

soddisfacenti.

In base ai dati ottenuti non è possibile individuare le ragioni

della differenza d’incidenza nel successo a lungo termine trovata tra le

due metodiche terapeutiche. Si potrebbe pensare, almeno nel caso

degli impianti secondari, che la maggior percentuale di insuccesso

della tecnica “Impianti Primari/Secondari” si spieghi con l’elevato

carico a cui vengono sottoposti questi impianti, come anche supposto

da Schnitman123 e Balshi133. Questi autori hanno trovato una

percentuale di insuccesso, entro due anni, rispettivamente del 15% e

20%.

La differenza nell’incidenza a lungo termine osservata nel

nostro studio tra la tecnica dei quattro impianti immediatamente

caricati e quella degli impianti “IP/IS” indica che, almeno nel caso

d’impianti sostenenti un’overdenture nella mandibola, la prima

metodica potrebbe essere preferibile evitando il potenziale rischio

biologico ed economico per il paziente di perdere gli impianti

secondari. Ulteriori studi longitudinali più ampi sono comunque

necessari per confermare i risultati dell’indagine presente.

In questo contesto, potrebbe essere molto utile la valutazione

della “mobilità implantare primaria”, in quanto potrebbe consentire di
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definire criteri di decisione oggettivi per il caricamento immediato

dell’impianto. Alcuni studi153-156, per esempio, recentemente hanno

sperimentato una metodica strumentale conveniente e accurata che

utilizza l’RFA (Resonance Frequency Analysis; software by

Integration Diagnostics Ltd., Göteborg, Sweden).

1.4.1. Conclusioni

Dall’analisi dei risultati si è potuto osservare che il “carico

immediato”, inteso come metodica terapeutica alternativa al

protocollo standard in caso di mandibole completamente edentule da

trattare con overdenture, soddisfa tutti i criteri di successo clinico,

stabiliti da Albrektsson26.

Inoltre, entrambe le metodiche terapeutiche utilizzate in questo

studio (IC, IP/IS) hanno evidenziato un’efficacia clinica comparabile.

Rispetto alla soluzione protesica complessiva, i pazienti hanno

dimostrato notevole soddisfazione per la rapidità dei tempi di lavoro

ed il costo relativamente contenuto in termini economici e di sedute

operatorie.
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                Tabella 1. Età nei pazienti in due gruppi§.

§ Differenza tra i due gruppi non significativa (p=0,72).

Tabella 2. Distribuzione per sesso dei pazienti nei due gruppi§.

§Differenza tra i due gruppi non significativa (p=0,99).

Tabella 3. Caratteristiche implantari nei due gruppi di pazienti§.

                                            CI                                               IP/IS
                                  Media      DS    Mediana    Min-Max              Media      DS    Mediana   Min-Max

     Età (anni) 58,9     10,9 61           37-78                59,3      11,1      61         39-79

                            CI                                            IP/IS
                           n (%)                                        n (%)

Femmine                           5 (62,5%)                                 5 (62,5%)
Maschi                              3 (37,5%)                                  3 (37,5%)
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§Differenza tra i due gruppi non significativa (p>0,60).
+2 di questi impianti, falliti, sono stati sostituiti da impianti con diametro 4.5mm.

Tabella 4. Indice di placca nei due gruppi, durante il follow-up.§

                                §Differenza tra i valori durante il follow-up e tra i due gruppi non significativa (p>0,41).

                                                CI                                           IP/IS
                                              n (%)                                        n (%)

Lunghezza impianto (mm)
                 10                        1 (3,1)                                        0 (0)
                 11                       4 (12,5)                                      3 (9,4)
                 13                      22 (68,8)                                    21 (65,6)
                 15                       5 (15,6)                                       8 (25)

Diametro impianto (mm)
                3.3                       12 (37,5)                                    15 (46,9)
                3.8                       20 (62,5)                                    17 (63,1)+

                                                       CI                                      IP/IS
Mese dopo il carico Media     DS       Min-Max           Media       DS      Min-Max

               6 0,46      0,64           0-3 0,53        0,70         0-3

              12 0,62 0,71 0-3                  0,44        0,62         0-3

              24 0,51      0,60           0-3                  0,49        0,64         0-3

              36 0,57      0,69           0-3                  0,55        0,68         0-3

              48 0,48      0,53           0-3                  0,60        0,56         0-3

              60 0,54      0,48           0-3                  0,51        0,63         0-3
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Tabella 5.  Indice  di   sanguinamento  nei  due  gruppi,  durante  il
follow-up.§

§Differenza tra i valori durante il follow-up e tra i due gruppi non significativa (p>0,66).

Tabella 6. Valori medi Periotest (u.p.) nei due gruppi, durante il
follow-up.§

                                                       CI                                      IP/IS
Mese dopo il carico Media     DS       Min-Max           Media       DS      Min-Max

               6 0,56      0,57           0-3 0,51        0,62         0-3

              12 0,52 0,66 0-3                  0,50        0,70         0-3

              24 0,51      0,58           0-3                  0,59        0,57         0-3

              36 0,48      0,61           0-3                  0,63        0,61         0-3

              48 0,57      0,59           0-3                  0,52        0,55         0-3

              60 0,49      0,62           0-3                  0,49        0,54         0-3

                                                       CI                                      IP/IS
Mese dopo il carico
               0                                   - 4,45                                   - 4,13
              12                                  - 4,53                                   - 4,52+

              24                                  - 5,41                                   - 5,7
              36                                  - 5,58                                   - 5,48
              48                                  - 5,17                                   - 4,99
              60                                  - 4,96                                   - 5,16
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§Differenza tra i valori durante il follow-up e tra i due gruppi non significativa (p=0,75).
+I valori dal 12 mese sono quelli relativi ai 30/32 impianti non persi.

Tabella 7. Riassorbimento medio osseo nei due gruppi, durante il
follow-up.§

§Differenza tra i valori durante il follow-up e tra i due gruppi non significativa(p>0,82).

Figura 1. Successo implantare nei due gruppi§.
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               6                                      0,80                                   0,90
              12                                     1,20                                   1,10
              24                                     1,25                                   1,20
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              60                                     1,40                                   1,35
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§Differenza tra i valori durante il follow-up e tra i due gruppi non significativa (p=0,75).
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§ Differenza tra i due gruppi non significativa (p=0,51, test esatto di Fisher).

106



776

SCIENT IF IC  RESEARCH FOR BETTER RESULTS

S INCE 1995

2001

Clinical trial on osseointegration using sandblasted or sandblasted and acid-etched implants

L. PROSPER3, F. DI CARLO1, A. DADDONA2, S. REDAELLI3*,  M. QUARANTA1

(1University of  Rome “La Sapienza” ; 2University of Rome “Tor Vergata”; 3University of Milan)

The aim of this prospective and randomized trial was to evaluate the long-term success rate of
sandblasted (SL) or sandblasted and acid-etched (SLA) implants retaining fixed partial prostheses.
Fourty four partially edentulous adult patients were consecutively recruited during 1995 and
randomized to receive 2-3 SL (23 pts) or SLA (21 pts) implants in posterior mandibles or
maxillae. A total of 107 (54 SL, 53 SLA) implants was placed, 62 in mandibles and 45 in
maxillae. Patients were restored with a fixed partial prosthesis and revisited every 3 months during
the first year; thereafter periapical radiographs were taken annually up to 5 years. A 100% five-
year follow-up was obtained. At second-stage surgery, which was performed after a 4- to 6-month
healing period, none of implants showed signs of mobility, peri-implant infection, or bone loss.
Seven SLA implants failed within 2 years after placement, 6 because of a peri-implantitis and 1
caused by an occlusal trauma. Based on annual assessments 100/107 (93.4%) of implants were
considered successful according to Albrektsson’s (1986) criteria. The success rate was higher in
SL (100%) than SLA (86.8%) implants (p<0.01). Both sandblasted and sandblasted and acid-
etched implants retaining fixed partial prostheses provide predictable long-term osseointegration
results, but sandblasted implants might be more successfully used.
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1 Tempo di guarigione ossea per impianti di titanio con superficie sabbiata o 
superficie sabbiata e mordenzata

 L. Prosper, F. Di Carlo, S. Redaelli, G. Redaelli, R. Scaringi, M. Quaranta
 IJP La rivista Internazionale di Odontoiatria volume 13 - numero 1
 

2 Using of Gore Resolut Membrane in 223 post-extraction Winsix implants 
 L. Prosper, S. Redaelli, G. Pompa, A. Palattella, M. Quaranta
 Atti 4TH Joint meeting 24-27 August, Warsaw-Poland
 

3 Gore Resolut membrane and implantation below the crest in postextraction 
surgery

 F. Di Carlo, L. Prosper, S. Redaelli, I. Guadagno, M. Quaranta
 

4 Analisi in vivo su tre superfici implantari:
 valutazione istomorfometrica
 S. Redaelli, L. Prosper, F. Di Carlo, A. Scarano, I. Vozza
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