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WYKAZ UZYWANYCH SKROTOW

MBL- (Marginal Bone Lo0ss)- utrata kosci brzeznej

BIC- (Bone to Implant Contact)- kontakt kosci z implantem

API- (Approximal Plaque Index)- aproksymalny wskaznik ptytki

HKT- (Height of Keratinized Tissue)- wysoko$¢ dzigsta zrogowaciatego
TKT- (Thickness of Keratinized Tissue)- grubo$¢ dzigsta zrogowaciatego
PPD- (Probing Pocket Depth)- gtebokos¢ kieszonki podczas zglebnikowania
PES- (Pink Esthetic Score)- wspotczynnik estetyki rozowe;j

WES- (White Esthetic Score)- wspotczynnik estetyki bialej

VAS- (Visual Analogue Scale)- analogowa skala bolu

CBCT- (Cone-Beam Computed Tomography)- komputerowa tomografia stozkowa
RVG- (Radiovisiography)- radiowizjografia

ISQ- (Implant Stability Quotient)- jednostka stabilizacji implantu



I. STRESZCZENIE:

Wstep:

Wysoka stabilizacja pierwotna jest warunkiem a priori, ktory umozliwia wczesne
obcigzenie implantu i powodzenie osteointegracji. W przypadku strefy estetycznej szczeki,
ktora obejmuje zakres od drugiego zeba przedtrzonowego prawego do drugiego zgba
przedtrzonowego lewego, stosunkowo mozliwie szybkie obcigzenie implantu jest niezmiernie
wazne, nie tylko ze wzgledow funkcjonalnych, ale przede wszystkim z powoddw estetycznych.
Do zwigkszenia stabilizacji pierwotnej, czyli mechanicznego zakotwienia wszczepu w tozu
kostnym, ktora jest determinantg osteointegracji, udoskonala si¢ geometri¢ implantu. Natomiast
modyfikacja powierzchni implantu umozliwia przyspieszenie i zwigkszenie zrostu koS$ci
z implantem. W dalszym ciggu prowadzone sg intensywne prace, majace na celu opracowanie
nowych typow implantow oraz metod zabiegowych, pozwalajacych na zwigkszenie poziomu

stabilizacji pierwotnej.

Celem pracy jest:
Celem pracy byla porownawcza ocena stabilizacji dwoch rodzajow implantow
o0 powierzchni modyfikowanej jonem hydroksylowym i r6znej $rednicy platformy w stosunku

do wczesnego, funkcjonalnego ich obcigzenia.

Material:

Materiat do badan stanowito 40 pacjentow, bez wzgledu na pte¢, powyzej 18 roku zycia
z pojedynczymi brakami zgbowymi w odcinku przednim szczeki. Pacjenci nie mogli mie¢
aktywnej choroby przyzebia i API> 25%. Do czynnikéw wykluczajacych z badania zaliczono
réwniez natogowe palenie, bruksizm, cigz¢ oraz karmienie piersig. Procedury sterowanej
regeneracji kosci nie mogty by¢ przeprowadzane w trakcie implantacji, a okres od utraty zeba
musial wynosi¢ minimum 3 miesigce. Pacjenci zostali poddani badaniom klinicznym
1 radiologicznym, na podstawie ktorych okreslono minimalng szerokos¢ wyrostka
zgbodotowego szczeki, kwalifikujaca do badania na 6,5 mm, a wysoko$¢ bazy kostnej na 8 mm.
Pacjenci zostali losowo podzieleni na 2 grupy w zalezno$ci od $rednicy zastosowanego

implantu:



a) grupa 1 (Gl; n = 20 pacjentdw) - zostaly zastosowane implanty o $rednicy
3,5 mm
b) grupa 2 (G2; n = 20 pacjentdw) - zostaty zastosowane implanty o srednicy

4,0 mm

Metody:

Zostata przeprowadzona ocena kliniczna i radiologiczna wynikdéw leczenia. Ocena
kliniczna obejmowata ocen¢ wskaznikow: API, HKT, PPD, PES i WES. Oceniono réwniez
pomiar stabilizacji implantow z wykorzystaniem aparatu Ostell.

Ocena radiologiczna obejmowata ocen¢ CBCT oraz RVG, wykonang przed,
bezposrednio po zabiegu implantacji oraz podczas wizyt kontrolnych. Obrazy CBCT i RVG

zostaly wykorzystane do oceny zmiany poziomu kosci wyrostka wokot implantu- pomiar MBL.

Wyniki:

Podczas poréwnania implantéw o $rednicy 3,5 i 4,0 w obu przypadkach osiggnigto
dobre wyniki w zakresie stabilizacji pierwotnej i wtérnej (po 4 tygodniach). Utrata kosSci
brzeznej wokot implantow byta niska i nie stwierdzono w tej kwestii istotnej statystycznie
réznicy migdzy grupami. Dzigki osiagnigtej dobrej stabilizacji pierwotnej 1 szybkiej

osteointegracji wszczepu mozliwe byto wezesne, funkcjonalne obcigzenie protetyczne.

Podsumowanie i wnioski:
Mozliwe jest zastosowanie implantow o hydrofilowej powierzchni bez wzgledu na ich
srednice, przy wyjsciowe] szerokosci wyrostka zebodotowego powyze; 6,5 mm oraz

w protokole wczesnego, funkcjonalnego obcigzenia, osiggajac wysoki efekt estetyczny.



ABSTRACT:
Introduction:

High primary stabilization is an a priori condition that enables early loading of the implant
and the success of osseointegration. In the case of the aesthetic area of the maxilla, ranging
from the second right premolar to the second left premolar, a relatively quick loading of the
implant is essential, not only for functional reasons, but above all for aesthetic reasons. In order
to increase the primary stabilization, i.e. the mechanical anchoring of the implant in the bone
bed, which is the determinant of osseointegration, the geometry of the implant is improved. On
the other hand, the modification of the implant’s surface enables the acceleration and increase
of connection between the bone and the implant. Intensive studies aimed at developing new
types of implants and treatment methods (allowing to increase the level of primary stabilization)

are still being conducted.

Aim of the study:
The aim of the study was a comparative evaluation of the stabilization for two types of
implants with a surface modified with hydroxyl ion and a different diameter of the platform in

relation to their early, functional loading.

Material:

The research material consisted of 40 patients, regardless of gender, above 18 years of
age, with single missing teeth in the anterior part of the jaw. The patients could not have active
periodontal disease and APl > 25%. Compulsive smoking, bruxism, pregnancy and
breastfeeding were also included in the research as excluding factors. Guided bone regeneration
procedures could not be carried out during the implantation, and the period from tooth loss had
to be at least 3 months. The patients were subjected to clinical and radiological examinations,
on the basis of which the minimum width of the alveolar process (6.5 mm) and the bone base
height (8 mm) were determined. The patients were randomly divided into 2 groups, depending
on the diameter of the applied implant:

a) group 1 (G1; n =20 patients) - implants with a diameter of 3.5 mm were used

b) group 2 (G2; n = 20 patients) - implants with a diameter of 4.0 mm were used



Methods:

Clinical and radiological evaluations of the treatment results was conducted. The
clinical evaluation included the assessment of the following indicators: APIl, HKT, PPD, PES
and WES. The measurement of implants’ stabilization was also evaluated with the use of the
Ostell apparatus.

The radiological evaluation included CBCT and RVG estimation before, immediately
after the implantation procedure and during follow-up visits. CBCT and RVG images were used
to evaluate the change in the level of the alveolar bone around the implant — MBL measurement.

Results:

During the comparison of implants with diameters of 3.5 and 4.0 mm, in both cases —
goods results were obtained in terms of primary and secondary stabilization (after 4 weeks).
The loss of marginal bone around implants was low and no statistically significant difference
between the groups was found in this respect. Thanks to the achieved good primary stabilization

and quick osseointegration of the implant, early functional prosthetic loading was possible.

Summary and Conclusions:

It is possible to use implants with a hydrophilic surface, regardless of their diameter,
with the initial width of the alveolar process above 6.5 mm and in the early, functional loading
protocol — achieving a high aesthetic effect.



1. WSTEP

Wspotczesna implantologia stomatologiczna dazy do mozliwie wczesnego obcigzenia
implantu. Ma to szczegdlne znaczenie w sytuacji, gdy brak ten wystepuje w strefie estetycznej
szczeki, obejmujacej zakres od drugiego z¢ba przedtrzonowego po stronie prawej, do drugiego
zeba przedtrzonowego po stronie lewej. W przypadku leczenia implantologicznego w strefie
estetycznej jako odbudowa tymczasowa, stosowane jest zazwyczaj ruchome uzupetnienie
protetyczne. Moze wigza¢ si¢ to obnizonym komfortem uzytkowania i ogranicza cato$ciowy
poziom zadowolenia z procesu terapeutycznego. W zwigzku z tym, metody majace na celu
skrocenie okresu gojenia oraz pozwalajace na jak najwczesniejsze obcigzenie implantu sg stale
poszukiwane.

Czynnikiem koniecznym do wczesnego obcigzenia implantu jest osiggniecie wysokiej
stabilizacji pierwotnej, czyli mechanicznego zakotwienia si¢ implantu w kos$ci. Jest to rowniez
jeden z gléwnych warunkoéw procesu osteointegracji, czyli stabilnego, biologicznego
i funkcjonalnego potaczenia implantu z koscig [1-3].

Na przestrzeni lat przeprowadzono wiele badan nad czynnikami, ktére moga wplywac
na wzrost stabilizacji pierwotnej. Dotyczg one trzech gtéwnych grup:

1. Tlo$ciowa i jakosciowa charakterystyka struktury kosci, w ktorag wprowadzany
jest implant [4].

2. Sposob przygotowania toza implantu [5].

3. Makroskopowe i mikroskopowe cechy powierzchni implantu takie jak: wymiar,
ksztalt, Srednica, skok gwintu implantu oraz rodzaj powierzchni implantu [6].

W zalezno$ci od powyzszych czynnikow czas obcigzenia implantow jest rdzny.
W przypadku szczgki, okres osteointegracji implantow, a w zwigzku z tym mozliwos¢ ich
obcigzenia wynosit od 6 do 8 miesigcy. Obecnie, dzigki zastosowaniu wielu metod
mechanicznych, chemicznych czy fizycznych zwigzanych z modyfikacja powierzchni implantu
okres ten zostat znacznie skrocony. Modyfikacje te polegaty na zmianie pierwotnie gladkie;j,
maszynowe]j powierzchni wszczepu, na bardziej chropowata, o wigkszej powierzchni kontaktu
z koscig (BIC). Nadal trwaja prace nad pozyskaniem powierzchni aktywnej wszczepu
umozliwiajacej pelne funkcjonalne obciazenie, w jak najkrotszym czasie po zabiegu
implantacji.

W trakcie wgajania implantu ze zmodyfikowang powierzchnig juz miedzy 3-4
tygodniem od wprowadzenia implantu, zachodzi proces mineralizacji i powstaje pierwotna

tkanka kostna, ktora osigga wartosci mechaniczne umozliwiajace funkcjonalne obcigzenie
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implantu. Nalezy pamigta¢ rowniez o tym, iz podjete leczenie powinno charakteryzowac si¢
dhugoterminowg skutecznos$cig, na ktérg wptywa wiele czynnikéw.

Jednym z najwazniejszych jest stan tkanek migkkich wokol implantu. Obserwacje
dlugoterminowe pokazuja, ze przewidywalno$¢ przezycia implantu u pacjentéw z cienkim
biotypem jest niska [7,8]. Ograniczona grubo$¢ i szerokos$¢ dzigsta zrogowaciatego jest rowniez
gléwnym czynnikiem zwigkszajacym wystepowanie recesji dzigstowych wokot implantow,
a takze zwigksza ryzyko zapalenia blony Sluzowej wokot implantu [9]. Odpowiednia wysokosé
i grubos¢ dzigsta zrogowacialego to takze wazne czynniki wplywajace na utrzymanie
stabilnego poziomu ko$ci brzeznej wokot implantu i zapobiegajace utracie implantu po
obcigzeniu [10,11,12]. Ponadto wykazano, ze gruby fenotyp dzigsta warunkuje lepszy profil
wylaniania uzupehnien protetycznych osadzonych na implantach [13].

Zardéwno czas obcigzenia, jak i1 rodzaj uzupelnienia protetycznego wplywaja na stan
tkanek miekkich wokot implantu, a co za tym idzie zadowalajacy efekt estetyczny. Wczedniej
uzywane uzupetnienia cementowane, ktore ze wzgledu na wigksze mikroszczeliny brzezne
mogg prowadzi¢ do znacznej akumulacji biofilmu 1 czgstszego stanu zapalnego, zastapiono

uzupehieniami przykrgcanymi [ 14].

2. CEL PRACY

Celem pracy byla poréwnawcza ocena stabilizacji dwoch rodzajow implantow
o roznej srednicy platformy w stosunku do wezesnego, funkcjonalnego obcigzenia implantow.
Celem bylo réwniez opracowanie protokotu leczenia z zastosowaniem implantow

o modyfikowanej powierzchni i ich wezesnym obcigzeniu funkcjonalnym.

3. AKTUALNY STAN WIEDZY NA TEMAT POWIERZCHNI IMPLANTOW
1 CZASU ICH OBCIAZENIA

3.1. KLASYFIKACJA OBCIAZENIA IMPLANTOW

W odbudowie implantoprotetycznej mozemy wyr6zni¢ 3 schematy postgpowania [15]:
1. Obcigzenie natychmiastowe.
2. Obcigzenie wczesne.
3. Obcigzenie pozne.
Wszystkie 3 protokoly s3a obecnie stosowane w uzupetnieniu brakéw zgbowych
pojedynczych, mnogich, jak i odbudowy catego tuku zgbowego.
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Zastanawiajgc si¢ nad wybraniem prawidlowego modelu postgpowania, zaczeto badac
wplyw czasu, po ktérym obcigzano implant na wystepowanie 1 wartosci MBL wokot implantu,
gdyz jest to podstawowy wskaznik prawidlowej osteointegracji, utrzymania implantu oraz
braku periimplantitis. Pomiar ten okreslany jest na podstawie badania radiologicznego. Do tego
celu mozna wykorzysta¢ przekroje CBCT lub RVG. Zdjecia rentgenowskie wewnatrzustne
powinny by¢ wykonane technikg réwnolegla w trybie wysokiej rozdzielczosci, wykorzystujac
do tego celu pozycjonery kliszy badz czujnika. W literaturze opisane sa dwie glowne metody
pomiaru ubytku ko$ci: analiz¢ fraktalng oraz obliczenia oparte na pomiarach w milimetrach
przeprowadzonych na podstawie badania radiologicznego. W przedstawionych publikacjach,
w celu obliczenia MBL, wybrano dwa zdj¢cia kazdego regionu, w dniu implantacji oraz po 12
miesigcach. Srednica implantéw zostata wykorzystana jako punkt odniesienia do kalibracji.
Pomiary dotyczyly odleglo$ci pomigdzy platforma implantu a pierwszym radiologicznym

kontaktem kos$¢-implant po stronie dystalnej i mezjalnej.

Obciazenie natychmiastowe

Istnieje wiele definicji obcigzenia natychmiastowego oraz kryterium czasowego w tym
zakresie. Wedlug Ostmana [16] obcigZenie natychmiastowe, inaczej bezposrednie, okresla jako
osadzenie korony protetycznej do 24 godzin od implantacji. Wedlug innych autorow [17]
maksymalny czas osadzenia odbudowy na implancie okre$lony jest na 48 godzin, a wedlug
Esposito i wsp. jest to nawet 7 dni od implantacji [18].

Rozbieznosci wystepuja rowniez odnosnie kontaktow okluzyjnych dostarczonej korony
badZ innego uzupetnienia protetycznego. Niektorzy autorzy uwazaja, iz taka praca protetyczna
moze by¢ w dyskluzji, inni za$, Ze petne okreslenie “obcigzenie natychmiastowe” dotyczy tylko
odbudowy protetycznej biorgcej udzial w pelnej okluzji, zarowno w ruchach centrycznych jak
i ekscentrycznych [19]. Zastosowanie leczenia w postaci implantacji z obcigzeniem
natychmiastowym niesie za soba wiele korzysci. Wedlug badania Esposito i wsp. [20],
w ktorym pordéwnano natychmiastowe, funkcjonalne obcigzenie implantu do odbudowy
tymczasowej wylaczonej ze zgryzu, postepowanie takie przede wszystkim skraca czas leczenia
1 liczbe wizyt, co zapewnia wysoka satysfakcje pacjenta.

Pewna zgodno$¢ mozna zaobserwowaé w kryteriach umozliwiajacych zastosowanie
obcigzenia natychmiastowego. Najwazniejszym kryterium jest osiggniecie prawidiowej
stabilizacji pierwotnej przez implant. Na podstawie metaanalizy danych przeprowadzonej przez
Esposito 1 wsp. [18] wartos$¢ ta zostata okre§lona jako powyzej 35 Nem osiaggnigtej na kluczu

dynamometrycznym podczas jego wszczepiania we wezesniej wytworzonym tozu kostnym.
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Osiggnigcie wysokiego poziomu stabilizacji pierwotnej, umozliwia zastosowanie
protokotu natychmiastowego obcigzenia. Wedlug Blaszczyszyna 1 wsp. [21] podstawowymi
czynnikami wptywajacymi na warto$¢ stabilizacji pierwotnej s3: odpowiedni ksztalt
i powierzchnia implantu, odpowiednia jako$¢ kosci oraz prawidtowa preparacja toza kostnego.
Do odpowiedniego przygotowania implantodolu mozna wykorzysta¢ nie tylko dedykowane
wiertla implantologiczne, ale rowniez narzedzia ultradzwigkowe.

Szybka odbudowa braku zgbowego prowadzi do wzrostu komfortu pacjenta oraz
niweluje niekorzystne aspekty psychologiczne z powodu utraty z¢ba [22]. Unikamy réwniez
koniecznosci drugiego zabiegu chirurgicznego w postaci odstonigcia implantu i wprowadzenia
sruby gojacej. Dzieki natychmiastowemu wprowadzeniu korony, utrzymujemy odpowiedni
kontur tkanek (przede wszystkim brodawki dzigstowej), co gwarantuje wysoki efekt estetyczny
[23].

Czynnikiem ryzyka podczas obcigzenia natychmiastowego sa znaczne dysproporcje
tukow zgbowych w wymiarze strzatkowym 1 pionowym, co wigze si¢ z nieprawidtowym
zgryzem. Nalezy do nich rdwniez bruksizm, wcze$niejsza utrata implantu w wywiadzie oraz

wszystkie pozostate ogdlne przeciwwskazania do implantacji konwencjonalne;.

Obciazenie wczesne

Jako obcigzenie wczesne okresla si¢ odbudowe implantoprotetyczng przeprowadzong
do 2-3 miesigecy od implantacji, jednakze $redni czas to 3-6 tygodni. Istotnym wydaje si¢
podkreslenie faktu, iz okres ten jest krytyczny ze wzgledu na spadek stabilizacji pierwotnej
oraz jeszcze niepelng stabilizacje¢ wtorng, mimo powstania pierwotnej tkanki kostnej wokot
implantu [16,17,18]. Trzeba rowniez zaznaczy¢, ze implanty z odpowiednio zmodyfikowang
powierzchnig np. w wyniku trawienia kwasem, stabilizacj¢ wtorng osiagaja znacznie szybciej
niz implanty konwencjonalne [24].

Obcigzenie wczesne implantéw, podobnie jak natychmiastowe, pocigga za sobg wiele
aspektow pozytywnych m.in. mniej interwencji chirurgicznych, zmniejszenie utraty tkanek
migkkich 1 twardych, czy tez skrocenie catkowitego czasu leczenia, co umozliwia szybsze

podjecie podstawowych funkcji takich jak jedzenie, Zucie i1 prawidlowa artykulacja [25].

Obciazenie pozne

Stwierdzenie to jest stosowane w przypadkach, gdy konstrukcje protetyczng mocuje si¢
w kolejnym etapie, po konwencjonalnym okresie gojenia, ktory wynosi minimum 3-6 miesig¢cy
[17,26]. Jest to postepowanie 3 etapowe. W schemacie tym, w pierwszym etapie, implant po
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wprowadzeniu jest uspiony i zachodzi proces osteointegracji. Po uplywie 3-6 miesiecy
nastepuje etap drugi, czyli odstonigcie implantu wraz z wprowadzeniem $ruby gojacej. Etapem
trzecim jest wykonanie korony protetycznej.

Jest to najczgsciej stosowany protokol postepowania. Jako zalete nalezy wymienié
przede wszystkim zmniejszone ryzyko utraty implantu po obcigzeniu [18]. Dedykowany jest
przypadkom, w ktérym nie osiggnigto stabilizacji pierwotnej powyzej 20 Ncm, czy tez
w sytuacjach implantacji z jednoczasowa rozlegla augmentacja, badz gdy pacjent nie jest

przekonany do obcigzenia natychmiastowego i powigzanego z nim ewentualnego ryzyka.

3.2 WPLYW POWIERZCHNI IMPLANTU NA CZAS OBCIAZENIA

Modyfikacja mikropowierzchni implantu zwigksza powierzchni¢ jego kontaktu
z koScia, jak 1 wplywa na morfologi¢ komorek, tak aby przyspieszy¢ proces osteointegracji
[27,28]. W tym miejscu nalezy jednak podkresli¢, iz przy zbyt duzej chropowatosci dochodzi
do mikroprzecieku, czyli uwalnianiu zwigzkéw chemicznych do $rodowiska zewngtrznego
[29,30]. Niemniej powierzchnia gladka nie daje optymalnych warunkéw do zaistnienia
procesOw osteogenezy bezposrednio na powierzchni implantu [31].

Jak wykazano, odpowiednia modyfikacja struktury implantu, np. poprzez piaskowanie
ziarnami m.in. tlenku glinu, tytanu, fotofunkcjonalizacj¢, napylania plazma, zanurzenie
w specjalnym roztworze, badz w wyniku trawienia kwasem, zwicksza prawdopodobienstwo
osiggnigcia stabilizacji pierwotnej poprzez implant, na poziomie umozliwiajagcym jego
natychmiastowe lub wczesne obcigzenie [32].

W  przeprowadzonym badaniu zostal wykorzystany implant, ktére przed
wprowadzeniem w toze kostne, zanurzany jest w specjalnym roztworze zawierajagcym aktywne
jony wodorotlenowe (OH-). Ich celem jest zwickszenie energii powierzchniowej implantu
prowadzac w ten sposob do wigkszej hydrofilnosci i szybszej absorpcji biatek na jego
powierzchni. Wspomagajac w ten sposob wczesniejsze przyleganie kosci 1 zapewniajac

wicgkszg stabilno$¢ implantu podczas pierwszych krytycznych tygodni osteointegracji [33, 34].
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4. MATERIAL I METODY

Material stanowigcy podstawe niniejszej rozprawy doktorskiej zostat podzielony na
dwie czesci. Czes$¢ pierwsza opisuje badania wlasne, natomiast czgs¢ druga skupia si¢ na
analizie dostgpnych publikacji opisujacych wptyw czasu obcigzenia implantéw na zanik ko$ci

brzezne;.

4.1. Zastosowanie implantow o modyfikowanej powierzchni w protokole wczesnego

funkcjonalnego ich obcigzenia.

Material do badan stanowito 40 pacjentow, zakwalifikowanych do badania bez wzgledu
na ple¢, bedacych powyzej 18 roku zycia oraz majacych pojedynczy brak zgbowy w odcinku
przednim szczgki. Pacjenci nie mogli mie¢ aktywnej choroby przyzgbia i API > 25%. Do
czynnikow wykluczajacych z badania zaliczono natogowe palenie, bruksizm, cigz¢ oraz
karmienie piersig. Procedury sterowanej regeneracji kosci nie mogly by¢ przeprowadzane
w trakcie implantacji, a okres od utraty zeba musial wynosi¢ minimum 3 miesigce. Pacjenci
zostali poddani badaniom klinicznym i radiologicznym, na podstawie ktorych okre§lono
minimalng szeroko$¢ wyrostka zebodolowego szczeki, kwalifikujaca do badania, na 6,5 mm,
a wysoko$¢ bazy kostnej na 8§ mm. Pacjenci zostali losowo podzieleni na 2 grupy w zaleznosci
od $rednicy zastosowanego implantu

a) grupa 1 (G1; n=20 pacjentow) - zostaly zastosowane implanty o $rednicy 3,5 mm

b) grupa 2 (G2; n= 20 pacjentow) - zostaly zastosowane implanty o §rednicy 4,0 mm

Badanie zostato przeprowadzone w pelnej zgodnosci z Deklaracjg Helsinska. Pacjenci
wyrazili dwie swiadome pisemne zgody: pierwsza, ogolng zgode na leczenie implantologiczne
oraz druga zgode obejmujaca udzial w badaniu.

Zostala przeprowadzona ocena kliniczna i radiologiczna wynikdéw leczenia. Ocena
kliniczna obejmowata ocen¢ wskaznikow: API, HKT, PPD, PES 1 WES, oceng¢ biotypu dzigsta
1 brodawek dzigstowych. Oceniono rowniez pomiar stabilizacji implantow z wykorzystaniem
aparatu Ostell.

Ocena radiologiczna obejmowata oceng CBCT oraz RVG, wykonywang bezposrednio
po zabiegu implantacji oraz podczas wizyt kontrolnych, celem okreslenia stopnia MBL.

Szczegblowy opis materialu 1 metod dotyczacych tego zagadnienia zawarto

w zataczonych publikacjach:
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1. Krawiec M, Hadzik J, Dominiak M, Grzebieluch W, Btaszczyszyn A, Kubasiewicz-
Ross P. Early loading of titanium dental implants with hydroxyl ion modified surface:
a 12-month prospective clinical trial. Applied Sciences-Basel. 2021;11(7): art.
doi:10.3390/app11072958.

2. Krawiec M, Hadzik J, Olchowy C, Dominiak M, Kubasiewicz-Ross P. Aesthetic
outcomes of early occlusal loaded SLA dental implants with hydroxyl ion modified
surface- a 12 months prospective study. Materials. 2021;14(21): art.
d0i:10.3390/mal4216353.

4.2. Wplyw czasu obcigzenia implantu na zanik kosci brzeznej- przeglad pismiennictwa.

Przeszukiwanie literatury przeprowadzono w internetowej bazie danych
PubMed/MEDLINE. Pod uwage brane byly wytacznie publikacje w jezyku angielskim,
badania na ludziach z co najmniej 12-miesigcznym okresem obserwacji oraz badania
opublikowane migdzy styczniem 2002 a czerwcem 2021 roku. Uwzgledniono jedynie
publikacje opublikowane jako pelne teksty, abstrakty i plakaty zostaly wykluczone. W wyniku
przeszukiwania znaleziono tacznie 1366 publikacji z czego 10 uwzgledniono w analizie
jakosciowe;.

Stosujac strategic badawczag zgodnie z kryteriami PICOS (P- Population, I-
Intervention, C- Comparison, O- Outcome, S- Study design) zostata przeprowadzona analiza
zebranych publikacji, w ktdrych przedstawiono wptyw czasu obcigzenia na warto$¢ 1 stopien
MBL.

Szczegblowy opis materiatu oraz metod dotyczacy tego zagadnienia zawarto

w zataczonej publikacji:

1. Krawiec M, Olchowy C, Kubasiewicz-Ross P, Hadzik J, Dominiak M. Role of implant
loading time in the prevention of marginal bone loss after implant-supported
restorations: A targeted review [published online as ahead of print on May 24, 2022].
Dent Med Probl. doi:10.17219/dmp/150111
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5. WYNIKI

5.1. Zastosowanie implantéw o modyfikowanej powierzchni w protokole wczesnego

funkcjonalnego ich obcigzenia.

Sposréd 40 implantdw umieszczonych w fazie chirurgicznej, kazdy implant osiggnat
osteointegracje¢, a co za tym idzie wysoki poziom stabilnos$ci wtornej i mogt zosta¢ obcigzony.
Wszystkie implanty z powodzeniem przetrwaty 12-miesi¢czny okres obserwacji.

Nie bylo statystycznie istotnych réznic w zaniku kosci brzeznej migdzy implantami
o $rednicy 3,5 mm (0,26 mm (+0,31) a 4,0 mm (0,14 mm (+0,24)).

Srednie warto$ci PPD w grupach 3.5 i 4,0 byty poréwnywalne: 2,17 mm (£0,53) vs 2,04
mm (£0,37), bez statystycznie istotnych réznic migdzy nimi. Srednica implantu nie miata
wptywu rowniez na pomiary HKT.

Dla wszystkich implantéw osiagnieto dobre wyniki estetyczne. Nie stwierdzono rdznic
w estetyce rozowej- PES (9,5) zarowno dla grup 3,5 mm, jak i 4,0 mm. Nieco lepsze wyniki
uzyskano dla implantéw o $rednicy 3,5 mm w estetyce bialej- WES- 9,78 vs 9,72, ale nie byly
one istotne statystycznie.

Po zabiegu nie stwierdzono rowniez istotnych statystycznie roznic w odczuwaniu bolu
dlagrup 3,51 4,0.

Poziom stabilizacji implantu spadt w ciggu czterech tygodni obserwacji. Szersza
Srednica implantu zapewniala ogdlnie wyzszy poziom stabilizacji pierwotnej 1 wtdrnej, ale bez
istotnych roznic. W grupie 1 odpowiednio 70,84 ISQ (£3,39) i 69,50 ISQ (£3,31)), a w grupie
drugiej 72,30 ISQ (+4,56)) 1 70,39 ISQ (£3,29). Zaobserwowano istotne dodatnie korelacje dla
zmiennych Ostell 0 (stabilizacja pierwotna) 1 Ostell 1 (stabilizacja wtérna), co oznacza, ze
wyzszym warto§ciom stabilizacji pierwotnej towarzyszyly wyzsze wartosci stabilizacji
wtorne;j.

Ponadto stwierdzono istotng statystycznie korelacje miedzy starszym wiekiem
pacjentoOw, a nizszymi wartosciami stabilno$ci pierwotnej i wtdrnej w grupie pierwszej

i drugiej.

5.2. Wplyw czasu obcigzenia implantu na zanik kos$ci brzeznej- przeglad pismiennictwa.

Ogolnie 10 badan speknito kryteria wigczenia i podato wartosci MBL wraz z definicjami

protokotow obcigzenia. Po 12 miesigcach wartosci MBL wahaty si¢ od 0,17 mm do 1,86 mm
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U pacjentow poddanych protokotowi natychmiastowego obcigzenia, od 0,14 mm do 1,22 mm
u pacjentow poddanych protokotowi wczesnego obcigzenia oraz od 0,44 mm do 0,91 mm

u pacjentéw poddanych protokotowi obcigzenia odroczonego.

Wyniki omowiono szczegétowo w zalgczonych publikacjach stanowigcych podstawe

niniejszej rozprawy doktorskiej.
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6. PODSUMOWANIE | WNIOSKI

1. Implanty o hydrofilowej powierzchni moga by¢ stosowane w protokole wczesnego

funkcjonalnego obcigzenia.

2. Wyzsze wartosci stabilizacji pierwotnej wptywaja pozytywnie na wartosci stabilizacji

mierzonej cztery tygodnie po implantacji.

3. Wraz ze wzrostem wieku pacjenta zmniejszajg si¢ wartosci stabilizacji pierwotnej

1 wtornej

4. Osiggniete wartosci MBL sa poréwnywalne z wynikami osigganymi przez innych

autorow

5. Zaréwno implanty waskie o $rednicy 3,5 mm jak i 4,0 mm moga by¢ stosowane

w protokole wezesnego obcigzenia funkcjonalnego z dobrymi efektami estetycznymi.
6. Proponowany protokot postepowania w postaci wezesnego funkcjonalnego obcigzenia

implantéw jest przewidywalny 1 mozna wdrozy¢ go do praktyki klinicznej stosujac

ograniczenia zawarte w kryteriach wykluczajacych z badania.
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Featured Application: The following paper presents the issue of early loading of dental implants.
Nowadays, the most frequently used prosthetic protocol is loading the implant within 12 weeks.
It is believed that the recently introduced nano-scale modification of the implant’s surface will
allow for faster final loading. Faster final loading reduces the overall treatment time which is
even more crucial in the case of aesthetic zone rehabilitation.

Abstract: (1) Background: implant surface topology and active hydrophilic ions could have some
benefit on implant osteointegration and stability; (2) methods: 40 adult patients, suffering from a
single missing tooth in the aesthetic zone, were enrolled in the study. Each patient had a single
titanium implant (Thommen SPI®lement) inserted. The implant surface was obtained through
conditioning using the Apliquiq system. Patients were divided into two equal groups depending
on the implant’s diameter (3.5 and 4.0 mm). Each implant was loaded within four weeks. Stability
levels, using the Ostell device, were checked immediately after implant placement and in four weeks;
additionally, marginal bone loss (MBL) was calculated based on 12 months; (3) results: all implants
survived the study. The average primary stability achieved for both groups was initially 71.59 ISQ
(44.04) and declined to 69.94 I1SQ (£3.29) in four weeks. The average MBL was 0.2 mm (+0.88).
There were no statistically important differences between groups. There was a positive correlation
between the patient’s age and implant stability quotient (ISQ) values; (4) conclusions: hydrophilic
surface implants can be used in a protocol for early functional occlusal loading. Higher values of
primary stability positively influence the values of secondary stability, and the age of the patient
affects the values of implant stability.

Keywords: dental implant; primary stability; secondary stability; marginal bone loss; early loading

1. Introduction

In the case of implant treatment, which involves the aesthetic zone of the maxilla,
immediate or early loading of an implant is extremely important, not only for functionality,
but primarily for aesthetic reasons. For decades, high primary stability has been the key
factor in determining the early loading of an implant and the success of a treatment [1,2].

Osteointegration has been defined as a direct and functional connection between the
bone and an artificial implant [2]. Primary stability is the grade of engagement of an implant
in the bone structure immediately after insertion. It is one of the main conditions for the
osteointegration process [1-3]. The factors that influence the values of primary stability
can be divided into three main groups. The first one is the quantitative and qualitative
characteristics of the bone structure into which the implant is inserted [4]. Another factor
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is the method of implant bed preparation [5]. The final factor affecting primary stability
are the characteristics of an implant, which include both the macroscopic and microscopic
features of the implant surface [6]. The macroscopic features of an implant relate to aspects
such as the dimensions, shape, diameter and thread pitch of the implant. The microscopic
features are the overall characteristics of the surface, primarily including the grade of the
roughness of the surface [1-3,6].

In the context of osteointegration, much attention has been paid in recent years to the
physical and chemical aspects of dental implant surfaces. These include electrochemical
potential, surface wettability, thickness of the titanium dioxide (TiO,) layer, ion adhesion,
active peptides, growth factors, and antibiotics. Currently, work is still underway to
develop a type of surface that would allow for even faster loading of an implant even when
primary stability is low [7-9]. One such potential method is the chemical modification
of the surface using hydroxyl ion. With such a modification, the titanium surface of an
implant has a negative electrochemical potential. The negative potential determines the
improvement of the osteointegration process at all stages, starting from better stability
of blood clot and adhesion of Ca++ ions in the first hours after the loading of a dental
implant, through to a better adhesion of proteins (fibronectin, osteocalcin) and the cells
that determine the process of osteointegration (mesenchymal stem cells (MSC)) in the later
stages of the process [10,11].

In the case of implant treatment within the aesthetic zone, a temporary restoration,
usually a removable one, is needed. It causes many difficulties for the patient. Therefore,
the methods for shortening the healing period and loading an implant as early as possible
are constantly being sought after. The first reports claiming a high rate of success concerning
early loading of an implant date back to the 1990s and refer to the Branemark implant
system [9,10].

For decades, implant loading after six weeks was considered an early loading. How-
ever, it seems that the key period for the process of osteointegration and secondary stability
is in the third and fourth week. During that time, the process of mineralization of the
primary osseous tissue takes place, and thus, the bone tissue that surrounds an implant
achieves the mechanical values that enable loading. Therefore, it seems reasonable to load
an implant even faster, i.e., after 3-4 weeks of healing [9-15].

The main objective of the study was to assess the marginal bone loss and stability
of the early loaded Thommen Incell®SPI implants using the single non-splinted screw-
retained final chairside-prepared prosthetic restoration. The secondary objective was to
evaluate the influence of an implant’s diameter on the mentioned parameters.

2. Materials and Methods
2.1. Inclusion and Exclusion Criteria

In this study, 40 patients aged over 18, partially edentulous within the aesthetic zone,
were enrolled. The patients could not have any active periodontal disease or an approximal
plague index (API) > 25%. The patients were subjected to clinical and radiological examina-
tions. The minimum alveolar ridge dimension in the lingual-buccal aspect was 6.5-7 mm
in the region of interest, so the implant could be placed in the native bone. Furthermore,
the bone density in the region of the implant insertion had to be D2 or D3 according to
Misch et al. [16]. Patients were randomly divided into 2 separate groups depending on the
implant diameter used (3.5 and 4.0 mm).

(a) group 1 (G2; n =20 patients)—3.5 mm diameter implants were used
(b) group 2 (G3; n =20 patients)—4.0 mm diameter implants were used

The procedures of the guided bone regeneration were not performed neither before
nor during the implant placement. Furthermore, at least 3 months for the healing period
after extraction were established.

Exclusion criteria were:

1. systemic orlocal diseases that could compromise healing or osteointegration,
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heavy smokers,
patients with bruxism,

pregnancy,
breastfeeding.

IS S

2.2. Protocol of the Experiment
The schedule of visits included:

1. consultation visit: qualification of the patient for the surgery, clinical and radiological
examination CBCT (cone-beam computed tomography) (Galileos®D3437, Sirona
Dental, Erlangen, Germany), API assessment;

2. implantation: intraoperative and postoperative RVG (radiovisiography) (Planmeca
OY, Helsinki, Finland), torque values, primary stability assessment using Ostell ISQ
(Osstell; Integration Diagnostics, Gothenburg, Sweden);

3. 4 weeks after the implantation: assessment of stability with the use of Ostell ISQ,
intraoral scan, placement of prosthetic, RVG;

4. 12 months after the surgery: clinical and radiological assessment (RVG and CBCT).

The research was performed in accordance with the conditions of declaration of
Helsinki and with the approval of the Local Ethical Committee (229/2019). The personal
data protection procedures (GDPR) were complied with. The patients signed two written
consents: first, a general consent for the implant treatment, and second, consent for
participation in the study.

2.3. Implants

The cylindrical dental implants, Thommen Innicell®SPI Element MC Innicel (Thom-
men Medical AG, Grenchen, Switzerland) were used for the surgery. The superhydrophilic
implant surface was obtained through NaOH conditioning using the Apliquiq system
(Thommen Medical AG, Grenchen, Switzerland). The length of the inserted implants
ranged from 8 mm to 11 mm and depended on the height of the bone base, while the
diameter of the implant was determined by the width of the alveolar processes.

2.4. Surgical Phase

The implant surgery was performed with antibiotic cover, one-shot therapy: 1 dose of
clindamycin 600 mg (MIP Pharma, Gdansk, Poland). Infiltration anesthesia was applied
using Septanest 1:100,000 (SEPTODONT 58, Saint Maur des Fossés, France) with the Wand
STA device (Milestone Scientific, Inc., Roseland, NJ, USA). A diamond drill was used for
deepithelialization and a blade (no. 15C) was used for an H-shaped papilla-preservation
incision, shifted palatially. Next, each implant was inserted at bone level, according to the
procedure provided by the manufacturer. Subsequently, the primary stability was assessed
using Ostell ISQ. The measurements were performed three times in the mesiodistal, buccal
and palatal, as well as periapical direction measurements with the application of Ostel
smartpeg for the Thommen implants. The smallest value was considered to be the cut-off
point. Open healing was used with a standard healing screw. The partially deepithelized
flap was repositioned and stabilized with 0-5 simple interrupted sutures (Seralene®, Serag
Wiessner, Naila, Germany). At the end of the surgery, a RVG image was taken to assess
the correctness of the inserted implant (Figure 1). The X-ray tubehead was aimed at right
angles (vertically and horizontally) to both the implant and the sensor. A paralleling
device was used for this purpose. The surgeries were performed by three members of
the team: M.K., ].H. and A.B. Postoperative recommendations included analgesic and
anti-inflammatory treatment with Nimesil (Laboratories Menarini SA, Barcelona, Spain) at
200 mg/per day, and rinsing the oral cavity with Eludril Classic (Pierre Fabre S.A, Paris,
France) 3 times a day.
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Figure 1. Implant with the healing abutment placed in bicuspid region and left for open healing.

2.5. Prosthetic Phase

The prosthetic restoration stage started 4 weeks after the implant placement surgery
and was prepared in the chairside laboratory by W.G. Patients with no signs of inflamma-
tion in the direct vicinity of the implant and with an ISQ (implant’s stability quotient) value
of 65 or greater were allowed to participate in the prosthetic protocol. The measurements
using the aforementioned device were performed three times in the mesiodistal, buccal
and palatal, as well as periapical direction, and the smallest value was considered the
cut-off point. Screw-retained implant crowns made of lithium disilicate glass-ceramics,
IPS e max CAD LT (Ivoclar Vivadent AG, Schaan, Liechtenstein), were used as the pros-
thetic restoration materials. After the removal of the healing abutment, the implant bed
was cleaned. The scans were taken with an intraoral scanner Sirona Cerec AC Bluecam
(DentsplySirona, York, PA, USA) (Figure 2). Subsequently, the crown internal surface was
etched and then fixed using Multilink Hybrid Abutment cement (Ivoclar Vivadent AG,
Schaan, Liechtenstein) on the previously sandblasted titanium base (TiBase) for Sirona
Cerec (DentsplySirona, York, PA, USA). The crown was then screwed onto the implant
with a force of 25 Ncm. The occluding relations were controlled using articulating paper
(Bausch®, Cologne, Germany) with a thickness of 200, 80, and 8 pm. The hole was filled
in with Gradia composite (GC Corporation, Tokyo, Japan) and an RVG image was taken
(Figure 3). The patients were instructed on proper hygiene around the dental implant.

Figure 2. Implant with scanbody prepared for intraoral scan.
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Figure 3. Implant loaded with the screw-retained crown.

2.6. Assessment of Implant’s Stability

Values of the implant’s stability quotient (ISQ) were obtained immediately after im-
plant placement (primary stability) and after 4 weeks (secondary stability). For every series
of resonance frequency analysis (RFA) measurements, the ISQ values were recorded using
an Osstell device in three different directions: vertical, buccal and palatal. A transducer
(Smartpegs) was attached to the implant, and ISQs ranging from 1 to 100 were recorded.
The Osstells were brought into very close contact with the Smartpegs without touching
them, until an audible signal confirmed that the measurement had been taken.

2.7. MBL (Marginal Bone Loss) Assessment Using the Radiological Examination

Before surgery and during the 12-month follow-up, CBCT was performed to assess
the marginal bone loss (MBL). The MBL was calculated as follows: first, dimensions were
calibrated by the known parameters of the implant diameter and length. Starting from
the implant shoulder, distances were measured to the mesial and distal points of the bone
to implant contact, parallel to the implant axis. All measurements were taken by PKR,
a member of the research group who was not involved directly in the preparation of
the implant.

2.8. Statistical Analyses

To answer the research questions, statistical analyses were performed using the IBM
SPSS Statistics 25 software (IBM, New York, USA). The software was used to analyze the
basic descriptive statistics together with the Shapiro-Wilk test. To examine the differences
between two or more groups, a non-parametric equivalent of variance analysis, the Kruskal—-
Wallis test, was used. Dunn’s test with the Bonferroni correction was chosen for post
hoc comparisons. The relationships between continuous variables were examined by
calculating Pearson’s linear correlation coefficient. The value of & = 0.05 was assumed as
the significance level.

To check the distribution of continuous variables and to study their compliance with
a normal distribution, basic descriptive statistics were used, and the Shapiro-Wilk test
of normal distribution was performed. For nominal variables, the frequency and the
percentage of individual values in the entire observation pool were calculated. The results
were presented separately for the three groups. In the first group, all observations were
taken into consideration while the second group included only those observations for which
an implant diameter = 3.5 mm, and in the third group the implant diameter = 4.0 mm.
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3. Results
3.1. General Data

The average age of all patients (groups one and two combined) was 41.55 (£8.85).
Group two consisted of younger patients (40.15 + 5.38) and group one included generally
older patients (42.99 + 11.30).

Out of 40 implants placed in the surgical phase, each implant achieved a high level
of primary stability with an ISQ value of 65 or greater. Subsequently, all patients were
admitted to the prosthetic phase. Furthermore, all implants successfully survived the
12-month follow-up period.

3.2. Results of Primary and Secondary Stability

The level of stability dropped within a period of four weeks of observation. The
average primary stability (Ostell 0) achieved for a total of 40 implants was 71.59 ISQ (+4.04)
and declined to 69.94 1SQ (+£3.29) at the prosthetic phase (Ostell 1). The wider diameter of
the implant provided a generally higher stability level, as the average results of the primary
(72.30 ISQ (+4.56)) and secondary (70.39 ISQ (+3.29)) stability was higher for group two
than for group one (70.84 ISQ (+£3.39) and 69.50 ISQ (£3.31)), respectively (Table 1 and
Figure 4).

Table 1. Descriptive statistics and the normality test to determine distribution for selected variables.

Group Variable M Me SD Sk. Kurt. Min. Max. w P
Age 41.55 40.00 8.85 1.30 249 2600 68.00 0.87
Group 1and 2 combined Ostell 0 71.59 71.00 4.04 0.30 073 6200 8200 0.97 0.506
Ostell 1 69.94 70.00 3.29 0.52 002 6500 78.00 0.96 0.181
MBL 0.20 0.00 0.88 1.27 0.81 0.00 1.00 0.75
Age 4295 38.00 11.30 1.06 0.71 26.00  68.00 0.83
1 Ostell 0 70.84 70.00 3.39 0.24 0.16 6500 78.00 0.96 0.679
Ostell 1 69.50 69.50 3.31 0.69 008 6500 77.00 0.95 0.477
MBL 0.26 0.20 0.31 1.17 0.75 0.00 1.00 0.82
Age 40.15 41.00 5.38 —025 066 31.00 50.00 0.96 0.673
2 Ostell 0 72.30 72.00 4.56 0.11 086 6200 82.00 0.95 0.482

Ostelll 7039  70.00 329 044 054 6500 7800 095 0.492
MBL 0.14 0.00 024 133 007 000 065 062 N

M-—arithmetic mean, Me—median, SD—standard deviation, Sk.—skewness, Kurt.—kurtosis, Min.—minimum, Max.—maximum, W—
Shapiro-Wilk test statistic. The statistically important differences are highlighted in red.

3.3. Results of Marginal Bone Loss

The MBL in the 12-month follow-up period was higher in group one (0.26 mm (+0.31))
when compared to group two (0.14 mm (£0.24)) (Table 1 and Figure 5). The averaged MBL
for all of the patients (groups one and two) was 0.2 mm (+0.88).

3.4. Results of Statistical Analyses

Positive significant correlations were observed for Ostell 0 and Ostell 1 variables,
which means that the higher values of the primary stability were accompanied by higher
values of stability measured four weeks after implantation. That correlation was evident
in both groups. Furthermore, the statistically significant correlation between the older
age of the patient and lower primary and secondary stability values in groups one and
two was found. A negative statistical correlation for all implants between Ostell 1 and
Ostell 0, as well as between MBL and Ostell 0/Ostell 1 values was found (Tables 2-5).
Additionally, no significant differences between groups with 3.5 and 4.0 mm implants were
observed regarding primary (Ostell 0) and secondary (Ostell 1) stability, as well as MBL
values (Table 6).
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Figure 4. Results of the primary (Ostell 0) and secondary (Ostell 1) stability in both groups.
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Figure 5. Results of marginal bone loss in both groups.
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Table 2. Linear correlation coefficient for groups one and two and their significance for the selected continuous variables.

Variable Coefficient Age Ostell 0 Ostell 1 MBL
Age Pearson’s r 1 —0.28 0.22 —0.06
P <0.001 0.082 0.201 0.735
Ostell 0 Pearson’s r —0.28 1 0.58 —0.11
P 0.082 <0.001 <0.001 0.531
Ostell 1 Pearson’s r 0.22 0.58 1 —0.06
b 0.264 0.447 0.536 0.623

MBL Pearson’s r —0.06 —0.11 —0.06 1
P 0.735 0.531 0.736 <0.001

Table 3. Linear correlation coefficients for group one and their significance for the selected continuous variables. The
statistically important differences are highlighted in red.

Variable Coefficient Age Ostell 0 Ostell 1 MBL
Age Pearson’s r 1 —0.24 0.47 —0.37
P <0.001 0.325 0.128
Ostell 0 Pearson’s r -0.24 1 0.42 0.09
P 0.325 <0.001 0.084 0.730
Ostell 1 Pearson’s r 0.47 0.42 1 —0.05
P 0.584 0.222 0.430 0.874
MBL Pearson’s r -0.37 0.09 —0.05 1
P 0.128 0.730 0.837 <0.001

Table 4. Linear correlation coefficients for group two and their significance for the selected continuous variables.

Variable Coefficient Age Ostell 0 Ostell 1 MBL
Age Pearson’s r 1 -0.37 -0.11 0.47
P <0.001 0.105 0.663 0.047
Ostell 0 Pearson’s r —0.37 1 0.69 —0.20
P 0.105 <0.001 0.001 0.422
Ostell 1 Pearson’s r =011 0.69 1 0.00
P 0.055 0.320 0.733 0.814
MBL Pearson’s r 0.47 —0.20 0.00 1
P 0.047 0.422 0.992 <0.001
Table 5. Kruskal-Wallis test results for Ostell and MBL variables.
Variable d1(n=3) d2 (n=28)* dBm=5"* H P 7
Average rank Me IQR Average rank Me IQR Average rank Me IQR
Ostell 0 3217 75.00 — 21.63 72.00 4.00 5.75 67.00 3.00 13.58 0.001 0.35
Ostell 1 32.50 75.00 — 18.98 70.00 4.00 7.40 68.00 3.00 1116 0.004 0.28
MBL 17.00 0.00 — 19.56 0.00 0.45 15.20 0.00 0.28 166 0.646 —0.01
Note: *—for MBL # = 30, *—for MBL 11 = 6.
Table 6. The Student’s t-test results for a grouping variable (diameter) and selected dependent variables.
3.5 diamet 4.0 diamet,
Variable 1ameter 1ameter T P Cohen’s d
M SD M SD
MBL 0.26 0.31 0.14 0.24 1.30 0.203 0.43
Ostell 0 70.84 3.39 72.30 4.56 —1.13 0.266 —0.36
Ostell 1 69.50 3.31 70.39 3.29 —0.81 0.425 —0.27
Age 42.95 11.30 40.15 5.38 1.00 0.326 0.32
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4. Discussion

The values for implant stability can be affected by many factors, though not in the
same proportions. Sim and Lang investigated the influence of bone density structure and
implant length on stability levels, and reported that the length of the implant influences
the implant stability only at the time of the surgery and has lesser impact on further stages
of osteointegration. Conversely, bone density seems to influence the stability level in a
greater way and on all stages of osteointegration [17]. Subsequently, to standardize the
sample population, we selected homogenous bone sites of the frontal aspect of the maxilla
as a region of interest.

In our study, a decrease in the stability level in the four weeks following the implant
insertion was observed (Figure 4). These results are in accordance with other studies and
suggest the existence of bone resorption in direct contact with the implant surface. This
behavior is attributed to the time dependency of bone remodeling observed at the initial
stage. Therefore, the bone shape and remodeling toward the implant surfaces interfere
with the bone-implant contact [18,19]. Carmo Filho, in the study on 4.0 and 4.1 mm di-
ameter implants, reported the decline in implant stability at 21 days after surgery for
the hydrophilic SLActive implants to 78.8 & 2.6 ISQ, and to 78.4 & 3.2 ISQ at 28 days
for hydroxyapatite coated implants. However, hydroxyapatite coated implants regain
the secondary stability much faster (42 days) when compared to SLActive implants
(68 days) [19].

Regarding the primary stability levels, there is a consensus that ISQ values above
70 are optimal for osteointegration to occur, and they enable the consideration of immediate
implant loading. In contrast, the ISQ value of 55 for primary stability is the threshold value
for the possibility of leaving the implant in place. Below this value, the implant should
be replaced with an implant that enables higher primary stability [15-21]. However, there
are studies reporting that modification of the implant’s surface in nano-scale allows for
successful early loading even in the case of a lower than optimal primary stability level.
Ostman et al. compared 242 oxidized surface implants, loaded immediately and delayed.
Apart from the relatively low primary stability levels (62.9 £ 4.9 I1SQ) of immediately
loaded implants, the overall success rate was high (99.2%) in that group. Furthermore,
the MBL level for immediately loaded implants during 12 months of observation was
0.78 & 0.9 mm and seems also acceptable [22].

Subsequent studies addressing this subject demonstrated a correlation between low
baseline values of RFA and the potential for implant loss due to lack of osteointegration.
Sjostrom assessed the primary stability value of 17 implants that were lost within the first
year of use. It was found that the average ISQ value in that group was 54.6, whereas the
implant group with successful treatments had an average ISQ value of 62.0 [23]. Other
studies reported an average primary stability value of 63.3 ISQ in the group of implants
that survived the 12-month follow-up period, whereas, in the group with lost implants, the
average primary stability value was 56 ISQ [24]. Some studies have found a slightly lower
(56 ISQ) threshold value for primary stability, which is necessary for osteointegration to
occur [25,26]. That is why it seems that, apart from the established consensus, this issue is
still a current topic and further studies are needed for its full development.

Aragoneses et al. included the implant diameter in the assessment of the levels of
secondary stability. The ISQ value measured three months after the insertion of implants
with a diameter of 3.7 mm was 69.62, while for implants with larger diameters (4.0 mm
and 4.3 mm), that value was 72.02 and 69.67, respectively [27]. This finding is in agreement
with the following study results (Figures 4 and 5).

In the following study, hydrophilic surface implants were applied. The hydrophilic
surface is regarded to osteointegrate faster than other commonly used types of surfaces,
including sand blasted and acid etched. Novelino et al. reported that hydrophilic surface
implants gain a stability of 70 ISQ in less than five weeks which means that it is 2.24 times
faster than implants treated with sand blasting and acid etching [20].
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The hydrophilic surface implants modified with hydroxyl ion have been assessed for
primary and secondary stability only in two other studies to date. Primary stability in the
mentioned studies’ plants amounted to 57.3 (£7.4) ISQ and raised to 71.3 (£8.2) ISQ while
loading [28]. The above-mentioned studies mostly focused on measuring the stability of
conventionally loaded implants.

An evaluation of the obtained results of MBL shows that they do not deviate from
the established norm, according to which MBL should not be greater than 1.5 mm in
the first year and then 0.1 mm in each following year. It is important to note that some
researchers claim that original remodeling of the alveolar process occurs after implant
loading with the aim of restoring biological width [29-33]. However, the condition of the
surrounding implant soft tissues seems to play a role in this process. Linkevicius et al.
reported significantly lower MBL in a one-year observation when the implant surrounding
soft tissue was thicker than 2 mm. The average MBL level in those cases was 0.21 mm and
is comparable to our results [29].

The lowest (0.22 & 0.49 mm) MBL level of early loaded hydrophilic implants with
the same, as presented in the following manuscript, observation period (12 months), to
date, has been reported by Liaje et al. [30]. This finding of a low MBL was accompanied
by high stability values at all time points (above 71 ISQ) and, similar to the presented
study findings, (Figure 4) wide implants showed statistically higher stability values than
narrow implants. On the contrary, much higher MBL levels than those found in our study
for hydrophilic implants were reported by Ryu et al. (0.98 & 0.61 mm) in 13 months of
follow-up, and by Hinkle et al. (0.99 =+ 0.29) in 12 months of follow-up [31,32].

In the literature, there are relatively few studies concerning the effects of early loading
and changes in stability in connection with MBL. Olsson et al. were among the first who
reported the results of studies concerning 68 early-loaded maxillary implants. The value of
the average baseline ISQ parameters was 60.1, whereas the implant survival rate was 93.4%
and the MBL level was 1.3 + 0.6 mm at a 12-month follow-up observation [33]. Fischer et al.
assessed oxidized-surface implants that were loaded for the period ranging from a few days
to 16 days. They achieved an overall success rate of 98.1% and the averaged MBL index
was 1.1 mm at a 12-month follow-up observation. In contrast, the ISQ index increased from
63.3 (£6.1) to 66.8 (£5.6) after 12 months [24].

The effect of early loading relative to conventional loading on bone tissue levels
(without linking with primary stability levels) was also previously studied in other papers.
Degidi et al. assessed immediately loaded implants with a diameter of 3 mm, obtaining
the MBL level of 0.85 £ 0.71 mm at a 36-month follow-up observation [34]. In studies
concerning early-loaded implants (three weeks), Grandi proved efficacy comparable to
immediate loading (with a loss of one implant in both groups) at a 12-month follow-
up observation. However, a higher average MBL was found in the group of implants
loaded after three weeks (0.390 £ 0.840 mm) when compared to immediately-loaded
implants (0.120 4 0.230 mm), with no statistically significant differences between those
groups [35]. Other authors report that there is no effect of implant loading time on marginal
bone loss. MBL levels in the mentioned studies ranged from 0 to 1.32 mm in longtime
observation [36-39].

In our previous studies on conventional SLA implants, the average stability level was
initially lower (58.67 % 12.3 ISQ) than in a following study, and raised to 81 & 5.82 ISQ
six months after implant placement and was accompanied by a mean MBL of 0.22 + 0.46,
calculated based on radiographs taken in 36-months of follow-up [40].

The present study has some limitations: firstly, the observation period. We decided
to evaluate the MBL level in 12 months. In the literature, there exist studies of such
methodology; however, the considerable changes in the bone of the alveolar process can
occur in the later stages of implant treatment and further studies are needed to confirm
all theses of the present study. Secondly, we decided not to measure the stability levels at
the final follow-up after 12 months, as the need to remove the implant restoration would
emerge under those conditions and could influence implant preservation.
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5. Conclusions

With the limitation of our study and 12 months of follow-up, the following conclusions
can be made:

(a) hydrophilic surface implants can be used in a protocol of early functional occlusal
loading;

(b) higher values of primary stability positively influence the values of stability measured
four weeks after implantation;

(c) the age of the patient affects the values of implant stability.
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MSC  mesenchymal stem cells
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Abstract: Background: Many efforts have been made recently to arrange a newer, more hydrophilic
and more osteoconductive implant surface. One of the possible options in this matter is modification
with hydroxyl ion. Materials and Methods: Forty implants with the diameters 3.5 and 4.0 mm
were inserted as a single missing tooth restoration protocol in the frontal aspect of the maxilla. All
implants were loaded early in a 4 week period. Prior to and during the surgery, the following indices
were considered: height of keratinized tissue, the thickness of soft tissue, and the initial level of
bone tissue. After 12 months, the implant and the tissues in its direct vicinity were evaluated once
more with the following indices: marginal bone loss (MBL), height of keratinized tissue (HKT),
probing pocket depth (PPD), pink and white aesthetics scores (PES, WES), as well as pain sensations
combined with the procedure (VAS). All results were related to the diameter of the implant and
thickness of periodontal biotype. Results: High aesthetic outcomes were reported regardless of soft
tissue thickness and implant diameter. The VAS score was higher for the 4.0 implant group, and
the thickness of soft tissue had no influence on VAS. In case of implantation in thin or soft tissue,
higher MBL levels were reported (0.26 mm), while in case of a thick phenotype, MBL was 0.06 mm.
Conclusions: Hydrophilic surface implants can be used for a protocol of early functional occlusal
loading. The initial thickness of soft tissue does not influence aesthetic outcomes and does not raise
pain perception, although it may elevate crestal bone resorption.

Keywords: dental implant; implant surface modification; early loading; marginal bone lost; peri-
odontal index; pink esthetic score; white esthetic score; PES; WES

1. Introduction

Many factors affect the long-term success rate of implant treatment. One of the
most crucial factors is the condition of peri-implant soft tissue. Sufficiently thick mucosa
enables the creation of a barrier for bacterial ingrowth and supports a more natural implant
emergence profile. Apart of easier to obtain proper hygiene maintenance around implant
superstructure, the better esthetics outcome might be achieved in those cases [1].

Both the loading time and the type of prosthetic restoration play a role in supporting
the soft tissue in implants” direct vicinity. Previously used cemented restorations due to
larger marginal micro-gaps, that could lead to more biofilm accumulation and a higher
prevalence of peri-implant infections, were replaced with screw retained restorations [2].
Regarding loading time, previous prosthetic restoration of the implants in case of maxilla
were provided within a period of 6 to 8 months. The reason was the need to establish
osteointegration [3]. Osteointegration has been defined as a direct and functional con-
nection between bone and an artificial implant. However, from a microscopic point of
view, osteointegration manifests as filling the micro-gap between the bone bed and implant
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surface with bone tissue. As the bone tissue exhibits relatively low metabolism, it is a time
consuming process [4,5].

However, immediate or early loading of a dental implant is especially desirable in
implant treatment within the aesthetic zone. It would be beneficial if the healing period
could be shortened without jeopardizing the success of the implant treatment [3].

Primary used smooth surface implants, disabled direct bone formation on their sur-
faces and prolonged osteointegration, secondary stability and furthermore the possibility
loading. In the case of such surfaces, the bone overgrowth during implant healing was vec-
tored in just one direction from the implant bed toward the implant surface. Introduction
of a new type of rougher implant surface, at a micro scale, allowed for direct bone forma-
tion on the implant surface. This made the process of osteointegration bidirectional and
shortened the time needed for it to occur [5,6]. While many believe that the possibility for
further advances in implant surface microtopography has reached its limitation, significant
effort nowadays is paid to the implant surface nanoscale [7-9].

Although newly prepared titanium surfaces are hydrophilic and are characterized by
negative electrochemical potential and a stable thin layer of TiO,, they can be contaminated
with an accumulation of non-polar hydrocarbons. This natural process first described
by Att et al. was named titanium ageing, and results in changing the electrochemical
potential and worsening the wettability of the implant surface [10]. For that reason, the
chemical modification of the implant’s surface using hydroxyl ions was introduced as one
of the options. With such modification, the titanium surface of an implant gains increased
negative electrochemical potential.

Aim of the Study

This study was designed to evaluate the hypotheses that implant diameter and soft
tissue biotype influence (and if so in what proportion) the aesthetics outcomes, marginal
bone loss, and pain sensation combined with the implant procedure. This was in cases of
early loaded hydroxyl ion modified SLA (sand-blasted, large grit, acid-etched) implants in
12-month observation. The null hypothesis of the study was that thick, soft tissue biotypes
and narrower implant diameters would not improve the value of periodontal indices, as
well as aesthetic outcomes and marginal bone loss.

2. Materials and Methods

The present study was designed as a prospective study. The study was performed
at Wroclaw Medical University Dental Clinical and Teaching facility. The study protocol
was approved by a local ethics committee (registration number 229/2019). All patients
gave two written consents: the first was general consent to have dental implants placed,
and the second involved their participation in this study. The study has been conducted in
full compliance with the Declaration of Helsinki, and personal data protection procedures
(GDPR) were complied with.

2.1. Inclusion and Exclusion Criteria

This study is in addition to the authors’ previous study concerning the early loading
of hydroxyl ion modified SLA implants [11], and here, we present the results of the soft
tissue parameters that were evaluated.

Details on the specific inclusion and exclusion criteria and the exact clinical procedures
were reported in the authors’ earlier study [11]. In brief, 40 adult patients needing single
implant-supported crown rehabilitation, who could have immediate loading in the upper
arch within the aesthetic zone, were enrolled into study. The patients could not have any
active periodontal disease or API > 25%. Every participant was subjected to clinical and
radiological examinations. The minimum residual bone crest needed to have a minimum
width of 7mm and a minimum height of 13 mm, so that the implant could be placed in the
native bone. Furthermore, bone density in the region of the implant insertion should be D2
or D3 acc. to Misch et al. [12]. The randomization was performed on the day of surgery by
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drawing a ticket out of an envelope. The patients were randomly divided into 2 groups
according to the implant diameters used (3.5 and 4.0 mm) and soft tissue thickness.

Group 1 (G2; n =20 patients)—3.5 mm diameter implants were used
Group 2 (G3; n = 20 patients)—4.0 mm diameter implants were used

The guided bone or tissue regeneration procedures were not performed before nor
during the implant placement. Furthermore, at least a 3-month healing period after
extraction was established.

Remaining exclusion criteria were as follows:

systemic or local diseases that could compromise healing or osteointegration,
smoking,
bruxism,

pregnancy,
breastfeeding.

Gk N

All exclusions were done through interview. Additionally, to exclude bruxism, in-
traoral examination was done to find any dental attrition, masticatory muscle overgrowth,
or hyperactivity.

2.2. Protocol of an Experiment
The schedule of visits included the following:

1. Consultation visit: a precondition of the patient for the surgery, clinical and radiologi-
cal examination CBCT (cone-beam computed tomography) (Galileos® D3437, Sirona
Dental, Erlangen, Germany), approximal plaque index (API), height of keratinized
tissue (HKT) assessment;

2. Implantation: intraoperative and postoperative RVG (radiovisiography—Planmeca
OY, Helsinki, Finland), gingival biotype assessment thick/thin;

3. Four weeks after the implantation: intraoral scan, screw-retained prosthetic, RVG;

4. Twelve months after the surgery: clinical evaluation (HKT, probing pocket depth
(PPD), Visual Analogue Scale (VAS), pink esthetic score (PES) and white esthetic score
(WES)) and radiological assessment (RVG and CBCT).

2.3. Implants

The cylindrical dental implants Thommen InnicellSPI Element MC Innicel (Thom-
men Medical AG, Grenchen, Switzerland) were used for the surgery. The superhydrophilic
surface of the implants was acquired through NaOH conditioning using the Apliquiq sys-
tem (Thommen Medical AG, Grenchen, Switzerland). The length of the inserted implants
ranged from 8 mm to 11 mm and was conditional on the height of the bone base, while the
diameter of the implant was determined by the width of the alveolar processes.

2.4. Surgical Phase

The implant surgery included the antibiotic cover of one-shot therapy—1 dose of
clindamycin 600 mg (MIP Pharma, Gdansk, Poland). Choice of implant was based on radi-
ological examination performed during the preconditional visit. The implant’s surface was
conditioned due to insertion with an Apliquiq applicator just before the surgical procedure.
Local infiltration anesthesia was provided using Septanest 1:100,000 (SEPTODONT 58,
Saint Maur des Fossés, France) with the application of the Wand STA device (Milestone
Scientific, Inc. Roseland, NJ, USA). First, a diamond drill on the high-speed hand piece
was used for deepithelialization. Then, H-shaped papilla-preservation incision, shifted
palatially with a blade no. 15C was done. The implant bed was performed following
manufacturer recommendations. During that stage, implants were lifted from the Apliquiq
applicator. Subsequently, each implant was inserted at bone level according to the proce-
dure provided by the manufacturer. The partially deepitalized flap was repositioned and
stabilized with 5-0 simple interrupted sutures (Seralene®, Serag Wiessner, Naila, Germany).
At the end of the surgery, an RVG image was done to control the correctness of the im-
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plant insertion (Figure 1). The X-ray tubehead was aimed at right angles (vertically and
horizontally) to both the implant and the sensor. A paralleling device was used for this
purpose. The surgeries were performed by M.K and J.H. Postoperative recommendations
included analgesic and anti-inflammatory treatment with Nimesil (Laboratories Menarini
SA Barcelona, Spain), 200 mg/ per day, and rinsing the oral cavity with Eludril Classic
(Pierre Fabre S.A Paris, France) 3 times a day.

Figure 1. Implant with the healing abutment placed in bicuspid region and left for open healing.

2.5. Prosthetic Phase

The prosthetic restoration stage was conducted 4 weeks after the implant placement
surgery and was done by M.K, and J.H Patients with no signs of inflammation in direct
vicinity to the implant were allowed to participate in the prosthetic protocol. Screw-retained
implant crowns made of lithium disilicate glass-ceramics, IPS e max CAD LT, were used
as prosthetic restorations. After the removal of the healing abutment, the implant bed
was cleaned. The scans were taken with an intraoral scanner Sirona Cerec AC Bluecam
(DentsplySirona, York, PA, USA) (Figure 2). Subsequently, the surface was etched using IPS
Keramik etching gel (Ivoclar Vivadent AG, Schaan, Liechtenstein) and sandblasted using
Ti base (DentsplySirona, York, PA, USA), and then the crown was fixed using Monobond
Plus bonding agent (Ivoclar Vivadent AG, Schaan, Liechtenstein) and Multilink Hybrid
Abutment cement (Ivoclar Vivadent AG, Schaan, Liechtenstein). The crown was then
screwed onto the implant with a torque of 25 Ncm. The occluding relations were controlled
using articulating paper (Bausch®, Cologne, Germany) with a thickness of 200, 80, and
8 um. Access to the retaining screw was closed with Gradia composite (GC Corporation,
Tokyo, Japan), and an RVG image was taken (Figure 3). The patients were instructed on
proper hygiene around the dental implant.

2.6. MBL (Marginal Bone Loss) Assessment Using the Radiological Examination

Prior to the surgery and during 12 months of follow-up, CBCT was performed to
assess the marginal bone loss (MBL). The MBL was calculated as follows: first, dimensions
were calibrated by the known parameters of implant diameter and length. Starting from
the implant shoulder, distances were measured to the mesial and distal points of bone
to implant contact, parallel to the implant axis. All measurements were taken by C.O.,
a member of the research group who was not involved directly in the preparation of
the implant.
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Figure 2. Implant with scanbody prepared for intraoral scan.

Figure 3. One-year follow-up. Periapical RTG and clinical photography. Implant loaded with the screw-retained crown.

2.7. Periodontal Parameters Measurements

The following clinical parameters were assessed during the study:

-PPD at 4 points (mesial, distal buccal and palatal), measured to the nearest 1 mm
using a periodontal probe (Williams Color-Coded Probe, Hu-Friedy Mfg. Co., Chicago,
1L, USA);

-HKT using a periodontal probe;

-The thickness of soft tissue was assessed using gingival transparency method by
visibility of the underlying periodontal probe, regarding > 2 mm as a thick gingiva.

2.8. Aesthetic Evaluation

The measurements of PES (Pink Esthetic Score) and WES (White Esthetic Score) were
done at 12 months according to Belser et al. [13]. Briefly, standardized digital photographs
(CanonEOS 650 with ring flash, Canon Inc., Tokyo, Japan) of the aesthetic zone were taken.
The peri-implant soft tissue was graded based on five categories: mesial papilla, distal
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papilla, curvatures of the facial mucosa, level of the facial mucosa, and root convexity /soft
tissue color and texture. To evaluate WES of the visible portion of the implant restora-
tion, five categories were graded: tooth form, outline/volume of clinical crown, color,
surface texture, and translucency/characterization. Each of the 5 topics of PES and WES
was graded with a 0-1-2 score and resulted in lowest 0 and highest 10 for each of two
scores consequently.

2.9. VAS (Visual Analogue Score) Assessment

After a 1-week follow-up, each participant was asked to evaluate his or her pain
sensation after the procedure, using a VAS ruler, with zero representing no pain and 10 the
worst pain the patient had ever experienced.

2.10. Statistical Analyses

To answer the research questions, statistical analyses were performed using IBM SPSS
Statistics 25 software (IBM, New York, PA, USA). The software was used to analyze the
basic descriptive statistics together with the U Manna—-Whitney test. First, descriptive
analysis was done using the x? test. The statistical differences were tested between the 3.5
and 4.0 diameters, and between thick and thin biotype groups. Because group 3.5 and 4.0
were equal, the parametric tests could be used. Hence, the thick and thin biotype groups
were not equal, the Pearson’s x? test was used.

The relationships between continuous variables were examined by calculating Pearson’s
linear correlation coefficient. The value of o = 0.05 was assumed as the significance level.

To check the distribution of continuous variables and to study their compliance with
a normal distribution, basic descriptive statistics were used and the Shapiro-Wilk test
of normal distribution was performed. For nominal variables, the frequency and the
percentage of individual values in the entire observation pool were calculated.

3. Results
3.1. General Data

Out of 40 implants placed in the surgical phase, each implant achieved osteointegration
and consequently high level of secondary stability and was admitted in the prosthetic
phase. Furthermore, all implants successfully survived for the 12-month follow-up period.

3.2. Results of MBL

We achieved relatively low levels of MBL for all implants 0.14 mm (+0.24). However,
it was lower within the thick gingival biotype group (0.06) when compared to the thin
biotype (0.26). The differences between these two groups were not statistically important.
There were also no statistically important differences in that parameter between 3.5 and
4.0 group (0.26 mm (£0.31) vs. 0.14 mm (+0.24)) (Tables 1 and 2).

Table 1. Descriptive statistics and the normality test to determine distribution for selected variables
for group 3.5 and 4.0. M-Mean, SD-Standard Deviation, t-t distribution, p-probability value.

Variable = Group3,5 Group 4,0 t P d Cohena
M SD M SD
MBL 0.26 0.31 0.14 0.24 1.30 0.203 0.43
HKT 0 4.11 1.15 3.75 1.16 0.96 0.344 0.31
HKT 1 4.00 1.30 3.85 0.88 0.43 0.671 0.14
PPD 217 0.53 2.04 0.37 0.82 0417 0.27
VAS 1.53 0.96 1.75 1.33 —0.60 0.554 -0.19
PES 9.50 0.71 9.50 0.71 0.00 1.000 0.00
WES 9.78 0.55 9.72 0.46 0.33 0.744 0.12
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Table 2. Descriptive statistics and the normality test to determine distribution for selected variables
for group with thin and thick biotype. Differences important statistically are highlighted in red.
Me-median, IQR-interquartile range, M-Mean, SD-Standard Deviation, p-probability value.

Variable Biotype
Thin (n =27)
Mean rank Me IQR M SD P
MBL 17.76 0.00 0.35 0.19 0.29 0472
PPD 18.13 2.00 0.75 211 0.49 0.709
PES 18.20 10.00 1.00 9.48 0.7 0.736
WES 17.81 10.00 1.00 9.7 0.54 0.35
HKTO 17.57 4.00 1.00 3.64 091 0.028
HKT1 17.79 4.00 1.00 3.66 1.01 0.014
VAS 179 1 1 1.79 129 0.464
Thick (n =13)
Mean rank Me IQR M SD p
MBL 20.72 0.30 0.45 0.24 0.24 0.472
PPD 19.61 225 0.56 21 0.36 0.709
PES 19.39 10.00 1.00 9.56 0.53 0.736
WES 20.56 10.00 0.00 9.89 0.33 0.35
HKTO 26.18 5.00 2.00 4.64 143 0.028
HKT1 27.64 5.00 1.00 4.64 1.02 0.014
VAS 129 1 1 1.27 0.47 0.464

3.3. Results of Periodontal Parameters Measurements

The average PPD in 3.5 and 4.0 group implants were comparable: 2.17 mm (+0.53) vs.
2.04 mm (£0.37), with no statistically important differences between them. The thickness
of soft tissue had no influence on PPD levels as the results of PPD for thick and thin
biotype group were the same (2.1 mm) (Table 2). The results of HKT measurements
showed statistically important differences between thin and thick biotype group. The
HKT slightly improved after 12 months in the thin biotype group, from 3.64 mm (+0.91)
to 3.66 mm (#1.01), while the thick biotype group remained stable at 4.64 mm (£1.02)
(Table 2). The diameter of the implant had no influence on HKT measurements as there
were no statistically important differences between 3.5 and 4.0 groups (Table 1, Figure 4).

4

MBL

v

(=}

Thin Thick 3.5 4.0

Figure 4. The graphical presentation as a boxplot of MBL results among groups of thick/thin biotype
and 3.5/4.0 diameter implants.
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3.4. Results of Aesthetic Evaluation

Good aesthetic outcomes were achieved for all implants (Table 1, Figure 1). While
there were no differences in pink aesthetics (9.5) for both 3.5 and 4.0 groups, slightly better
results were achieved for 3.5 implants in white aesthetics 9.78 vs. 9.72. Thicker biotype of
soft tissues moderately improved pink and white aesthetics (9.48 vs. 9.56 and 9.7 vs. 9.89),
but with no statistically important differences (Table 2, Figures 5 and 6).

Al

o

o

~

Thin Thick 35
Figure 5. The graphical presentation as a boxplot of PES results among groups of thick/thin biotype
and 3.5/4.0 diameter implants.
11
10
9
8
7
Thin Thick 35 40

Figure 6. The graphical presentation as a boxplot of WES results among groups of thick/thin biotype
and 3.5/4.0 diameter implants.
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3.5. Results of VAS Score

There were no statistically important differences in pain sensation after the procedure
for both 3.5 and 4.0 groups. The thicker biotype of soft tissues had a slightly smaller VAS
score, however without a statistically important difference: 1.27 vs. 1.79.

4. Discussion

The first clinical trial that proposed immediate or early implant loading was conducted
in 1990 [14]. Since then, many others studies have proven the safety of such modified
treatment protocols, and, moreover, the paradigm of osteointegration necessity for implant
loading has been challenged [15,16].

Previously, the most commonly used parameters for evaluating success rate of the
implant treatment were related to the implant, the bone and soft tissue in the direct vicinity
of the implant, and the prosthesis, apart from the subjective assessment of the patient [17].
These parameters are related to the tissue stability, which influences the progression of
marginal bone loss. For decades, the concept of marginal bone loss implied the possibility
of 2 mm crestal bone loss in the first year, and up to 0.2 mm every year around the implant
neck after functional loading.

However, the recently introduced zero bone loss concept seems to change the paradigm
of bone resorption consideration and features a newer point of view on that matter. It is
believed that, due to sufficiently thick mucosa, the bone loss around the implant neck can
be prevented [18]. The last study of this scope proved the threshold point for soft tissue
thickness at 2.88 mm, as such thick soft tissue can prevent bone loss [19,20]. In the present
study we decided to exclude patients with previous augmentation procedures, including
soft tissue grafts. As a result, in only 11 cases the thick biotype of the gingiva was spotted,
while in the majority of cases (29,) we reported a thin biotype. However, even so, the rela-
tive low levels of MBL for both thin and thick biotype was reported. None of the patients,
regardless of the thickness of soft tissue biotype, even approached the abovementioned
proposed levels of MBL. The reason for that finding—in our consideration—might be a
relative short observation period. Another explanation for the relatively low MBL could be
the fact that most of the patients were characterized by high levels of HKT. This means that
even if the soft tissue around the implant’s neck was thin, it was at least attached and highly
keratinized. Finally, early loading of the implant allows for establishing a peri-implant
junction sooner, contributing a biological seal and preventing peri-implant sulcus from
bacterial ingrowth. This can provide a higher chance to maintain crestal bone level [21-23].
However, what is worth noticing is that the group of thick biotype was still characterized
by statistically important lower MBL levels in comparison to thin biotype.

One of the biggest challenges in implant restoration within the frontal aspect of
the maxilla is the aesthetic outcome. However, the primary focus of early literature on
maxillary anterior implant outcomes was based on survival parameters, with a lack of
information regarding aesthetically relevant parameters. Previously used subjective eval-
uation was carried out using patient perceptions of the aesthetic outcome, measured by
specific questionnaires in which patients express their degree of satisfaction or dissatisfac-
tion. This was replaced with several more reliable objective indices introduced to assess
clinician-mediated aesthetic outcomes for single-tooth implant restorations in the aesthetic
zone [24-26]. One of the most objective tests to assess aesthetics of the prosthetic restoration
is the pink (PES) and white aesthetics scores (WES). PES was first proposed by Furhauser
and was lately redefined by Belser et al. [13,27].

The PES according to Belser et al. includes the mesial papilla, distal papilla, soft tissue
level, curvature of the facial mucosa, and root convexity /soft tissue color and texture [13].
The height of interdental papilla is especially considered a crucial factor in aesthetics, as it
is the most commonly affected part of peri-implant soft tissue. Scientific data demonstrated
that the appearance of the papilla in the interproximal area of an implant site is largely
dependent on the vertical distance between the alveolar bone crest and contact point, as well
as the horizontal distance between the implant and the neighboring implant/tooth [28,29].
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A score of >6 (out of a maximum of 10) for either PES or WES and >12 (out of a maximum
of 20) for PES/WES combined are generally considered satisfactory.

In the present study, generally good aesthetic outcomes were achieved as the overall
PES and WES scores were 9.5 and 9.75 and almost reached their maximum. It also shows
high average levels of interproximal papilla height. It was suggested that soft tissue
thickness might influence the aesthetic scores. However, we did not report such findings.
In our study, high level of PES and WES was achieved even if in the vast majority of the
cases the soft tissue profile was reported as thin. There can be some explanations for this
phenomenon. First, in our consideration, it can be a result of average to good crestal bone
level preservation and the supporting function of bone tissue on interproximal papilla
height. Second, it is suggested that the fixed prosthesis provided an early contribution
to physical support for soft tissue in direct contact around the implant and may result in
better soft tissue condition.

Lastly, we decided to include VAS score as a final parameter to be considered in
the following study. The reason for that is, apart from good aesthetics outcomes and the
general success rate of the implant therapy, any harmful sensation combined with the
procedure or healing period might influence final patient satisfaction. Pain associated with
the procedure is also one of the major reasons for neglecting or postponing further dental
therapy. Generally, pain combined with an early loading protocol as proposed in our study
was considered by the patients as acceptably low. The wider implant procedure generated
higher pain sensations as the VAS score amounted to 1.75 (41.33) for the 4.0 group and 1.53
(£0.96) for the 3.5 group. The explanation for that finding might by either the need to apply
one more drill in the wider implant protocol as well as more time-consuming procedure in
that case. The thickness of soft tissue seems not to influence the healing period in the same
proportions as in both thick and thin mucosa similar VAS results were achieved.

The literature is missing reports engaging the diameter of the implant or the thickness
of the soft tissue with pain related sensations. Generally, as found in the literature, the pain
sensations combined with implant insertion might be much higher than reported in the
present study. Kim et al. found average VAS score as measured during the procedure to
be 4.33 (£3.30) [30], while Youk et al. reported VAS score at 3.34 for non-template guided
implant procedures [31].

Limitations of the Study

The main limitation of the present research is the lack of control group of convention-
ally loaded implants and early loaded implants with no hydroxyl ion modification. The
reason for not including this control group is that early loading protocol with available,
commercially non-modified in nano-scale surface implants has been evaluated before by
other reports. Other limitations are the short follow-up period. Further research should be
conducted to control the achieved results and to evaluate the osteointegration process at its
most critical period.
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Introduction

Dental treatment involving implants is an effective and
widely used method of restoring missing teeth, which
may result from untreated caries, injuries, tumors, or con-
genital defects (hypodontia). The reconstruction of miss-
ing teeth with the application of implants is a recognized
method of treatment. It ensures functional, esthetic and
durable restoration, along with patient satisfaction. Over
the years, efforts have been made to shorten the duration
of implant treatment.

Currently, success in implant therapy is not only based
on the implant survival rate and the condition of the tis-
sue in direct implant vicinity, as previously suggested by
Albrektsson et al.! and Buser et al.,> but also on the full
esthetic effect and patient satisfaction. The peri-implant
soft tissue, i.e., the pink esthetic score (PES), is assessed
using 5 parameters: the mesial papilla; the distal papilla;
the curvatures of the facial mucosa; the level of the fa-
cial mucosa; and root convexity/soft tissue color and tex-
ture. To evaluate the white esthetic score (WES) of the
visible portion of the implant restoration, 5 parameters
are taken into consideration: the tooth form; the outline/
volume of the clinical crown; color; surface texture; and
translucency. Each of the 5 parameters of PES and WES
was graded with a 0-1-2 score, and consequently, the as-
sessment resulted in the lowest score of 0 and the highest
score of 10 for each of the 2 indices.®> High PES and
WES scores indicate good condition of soft tissues and
esthetic prosthetic reconstruction. In implant-supported
prosthetic reconstruction, we can distinguish 3 proto-
cols: immediate loading; early loading; and conventional
(late) loading.* All 3 protocols are used for different types
of restorations — single, multiple and full-arch.

The extent of marginal bone loss (MBL) is the basic
indicator of peri-implantitis. Marginal bone loss is mea-
sured from the neck of the implant to the first bone-to-
implant contact and is determined during a radiological
examination. Marginal bone loss has been considered
a useful measure to evaluate the effects of treatment with
implants. This review aimed to summarize the current
evidence on the impact of loading time on MBL around
dental implants.

Methods

A literature search was conducted in the PubMed/
MEDLINE database with the use of advanced search op-
tions. Only publications in English, studies on humans
with an observation period of at least 12 months as deter-
mined by authors, and studies published between January
2002 and June 2021 were considered. No restrictions in
terms of geographical scope were imposed. Only full-text
articles were included; abstracts and posters were exclud-
ed. The following search terms and their combinations
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were used: ‘implant loading’; ‘protocol’; and ‘marginal
bone loss. The inclusion criteria are reported according
to the PICOS criteria and are presented in Table 1. The
search was run on February 17, 2022. The list of titles,
abstracts and full texts was reviewed by one reviewer
according to the defined inclusion and exclusion criteria
to identify and select articles related to the topic of interest.
The non-systematic approach was used with regard to
the qualitative analysis of the identified publications. The
extracted data included the loading protocol, the MBL
values and the factors affecting the degree of MBL.

Table 1. Inclusion and exclusion criteria

PICOS model Inclusion criteria Exclusion criteria
Population adult human population animal models
Intervention implantological treatment -

Comparison controlled or single-arm studies -
MBL evaluated during follow-up
Outcome
at least 1 year of follow-up below 1 year
RCT, cohort study, review, meta-analysis,
Study design  case-control study, prospective  letter to the editor,

and retrospective studies editorial, opinion

MBL - marginal bone loss; RCT - randomized clinical trial.

Results

After searching PubMed with the use of the keywords
related to implantological treatment and its association
with MBL, we received 1,366 hits, of which 10 were in-
cluded in the qualitative analysis. The flowchart of the
study is depicted in Fig. 1.

Overall, 10 studies met the inclusion criteria and re-
ported values for MBL, along with definitions of loading
protocols; however, they presented data for different
follow-up periods and different patient populations. Overall,
at 12 months, the MBL values ranged from 0.17 mm

Records identified in PubMed
(N =1,366)

|

Initial screening
(N =1,366)

| — Records excluded (n = 787):
« not in English

* not on humans
« not relevant study design

’ Assessment for eligibility | ——3 | Records excluded (n = 569):
{n=573) « full text unavailable

« follow-up below 1 year

« definition of bone loss not provided

« loading protocol not provided

e lack of a separate MBL measurement
by the loading protocol

© published before 2002

Studies included in the qualitati ysi
(n=10)

Fig. 1. Flow chart of the study selection process for the systematic review
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to 1.86 mm in patients undergoing the immediate proto-
col, from 0.14 mm to 1.22 mm in patients undergoing the
early protocol, and from 0.44 mm to 0.91 mm in patients
undergoing the late protocol. The summary of the studies
is presented in Table 2.

Discussion

Our review showed that there is still insufficient evi-
dence on the impact of the implant loading protocols on
maintaining healthy bone tissue as measured with MBL.
Most identified studies concluded that differences in
MBL between patients receiving implants according to
different loading protocols were not significant. However,
a great heterogeneity was observed among studies. They
differed in terms of follow-up periods, characteristics
of the populations studied, sample sizes, and other factors
related to treatment.

Immediate loading

In the literature there is no agreement on the time at
which a prosthetic construction is attached to the implant.

Table 2. Characteristics of the selected studies

Ostman defines immediate loading, also called direct
loading, as attaching a prosthetic construction to the
implant up to 24 h after implantation.”” Galli et al.
considered 48 h as the maximum time of the restoration
placement on the implant.® According to Esposito et al.,
immediate loading can be defined as taking place up
to 7 days after implantation.!® There is also disagreement
with regard to the occlusal contact of crowns or other
prosthetic restoration. Some authors claim that prosthetic
restorations loaded immediately can be used without oc-
clusal contacts, while others claim that the term “imme-
diate loading” applies only to prosthetic restorations that
are in full occlusion, both in centric and eccentric move-
ments.'”"1? However, there is agreement that the most
important criterion for applying the immediate loading
protocol is that the implant achieves adequate primary
stabilization. This is possible due to a high value of inser-
tion torque, which seems to be crucial in the immediate
loading procedure. On the basis of many studies identi-
fied in Esposito et al’s review, this value was determined
to be above 35 N-cm. '

Primary stabilization is the mechanical anchor-
ing of the implant to bone. It enables the correct pro-
cess of osseointegration, i.e., the direct functional and

Author Study design Follow-up period Type of loading [ml:]

30 healthy people 046 +0.16

;\éfg?” stal 307T2D patients (HbATc: 6.1-8.0%) 2 years immediate 058015

31T2D patients (HbA1c: 8.1-10.0%) 0.59 +0.20

early (60-90 days) 1.01 £0.15

gg?g? <t 252 implants in 87 patients 3 years late (91-140 days) 090 £0.18

late (>140 days) 1.07 £0.13

: immediate, distal side, maxilla 0.84 +0.69
Cresp/l etal 160 implants in 27 patients 18 months |

2007 immediate, distal side, mandible 1.24 +0.60

Galli et al. : y y immediate 1.10 +£0.58

104 implants in 52 patients 14 months

2008 i carly 1.11 054

2 implants immediate (smokers) 186 £1.33

Gjelvold et al. 5implants late (smokers) 091 £0.66

9 ) 12 months ) _

2021 22 implants immediate (non-smokers) 0.37 £0.55

18 implants late (non-smokers) 044 £0.62

géaz\qrﬁc et 40 implants 12 months early (within 4 weeks) 0.14 £0.24

géazv;lfc A 40 implants 12 months early (within 4 weeks) 0.20 £0.88

g’(‘fz'{)‘iga”d Roglioekae 15 implants in 15 patients 12 months immediate 0.17 £0.73
Pellicer-Chover et al. 10 crestal implants 006 £1.11 3

13 12 months early

2016 13 subcrestal implants 1.22 +1.06 |

total 0.70 +0.83

ggg;ir =l 383 implants 3 years immediate 0.56 +0.73

early 0.82 +0.89

T2D - type 2 diabetes; HbA1c - glycated hemoglobin.
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structural connection of bone tissue with the implant
surface.???! Proper primary stabilization is a condition
of the implant when movements are sufficiently reduced.
Micromovements cannot be completely eliminated, but
can be reduced by binding implants together (for example
in a bridge), and also by removing lateral contacts,
thus diminishing lateral forces.”? Unless primary stabi-
lization is achieved, healing is disturbed by inhibiting
osteoblasts. Consequently, connective tissue is formed
between the implant and bone (fibrointegration), which
results in the loss of the implant. This phenomenon has
been studied in animal models.*

Over the years, many studies have been carried out on
factors that may affect primary stabilization, including
the following:

— the appropriate preparation of the implant bed'®;

— the use of appropriate techniques, such as osseodensi-
fication drilling?%

— the appropriate shape and length of the implant'®;

— the appropriate modification of the implant surface!®??;

— the type of implant and the distribution of load®*?;

— the condition of bone tissue and its changes during
treatment®;

— demographic factors’; and

— the type of crown.’

The structure of the implant surface is relatively well
examined. As previously shown, the appropriate modi-
fication of the implant surface, e.g., chemical modifica-
tion through the immersion of the implant in a special
solution! or acid etching'®, may increase the probability
of achieving primary stabilization by the implant at a level
that allows its immediate loading.

The use of immediate implant loading provides many
benefits. First of all, it reduces treatment time, which posi-
tively affects patient satisfaction. The quick restoration
of missing teeth increases patient comfort and reduces
the negative psychological effects caused by tooth loss.?
Furthermore, the second surgery is avoided to uncover
the implant and insert an abutment. With the immedi-
ate insertion of a crown, it is more likely to maintain the
appropriate tissue contour (especially of the gingival pa-
pilla) with a better esthetic result.*® The risk factors for
complications that may occur during immediate loading
are significant malocclusion, bruxism, a previous implant
loss, and any other general contraindications for conven-
tional implantation.

Early loading

Early loading is defined as the implant-prosthetic res-
toration carried out up to 2-3 months after implantation;
however, the average time is 3-6 weeks. This period is
critical due to a decline in primary stabilization and still
incomplete secondary stabilization.!>1%3! Nevertheless,
during this time, the primary bone tissue is formed,
the mechanical properties of which enable prosthetic
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reconstruction. Therefore, it seems reasonable to load the
implant 3—4 weeks after implantation. Furthermore, im-
plants with a modified surface achieve secondary stabili-
zation faster than conventional implants.*?

The immediate and early loading of implants have
many positive aspects, e.g., fewer surgical interventions,
the reduction of soft and hard tissue loss, or the shorten-
ing of total treatment time. Those benefits enable basic
functions, such as eating, chewing and articulating, to be
resumed faster.®® The use of early or immediate loading
is of importance, especially for the esthetic result. This
applies to the area between the second right premolar
and the second left premolar, which greatly affects the
patient’s appearance and well-being.

Late loading

The term “late loading” is used when the prosthetic
structure is attached late, after the conventional healing
period, which lasts at least 3—6 months.®* This is a 3-step
procedure. In the 1* stage, the implant site is allowed to
fully heal before loading. During this phase, the osseo-
integration process occurs. After 3—6 months, the 2™ stage
takes place, i.e., the exposure of the implant and the in-
sertion of the healing screw (abutment). The 3 stage in-
volves placing a prosthetic crown.

Late loading is the most common protocol. One of its
advantages is a reduced risk of implant loss after load-
ing.’® It is recommended in situations where primary
stabilization was not achieved using a minimal inser-
tion torque above 20 N'cm, in cases with simultaneous
extensive augmentation, or when the patient is not con-
vinced of immediate loading and does not accept the
associated risks.

Marginal bone loss

Marginal bone loss is a key parameter that is used to
assess the proper healing and functioning of implants.**
This parameter is important, as the gradual loss of bone
around the implant may lead to its loss. Researchers re-
port different values of MBL. Despite somewhat varying
results, MBL of 2 mm is generally regarded as the maxi-
mum acceptable value. During the 1* year after implanta-
tion, an acceptable MBL value should be no more than
1.5 mm, with an increase of 0.2 mm per year in subse-
quent years."*> Currently, however, it is claimed that no
marginal bone atrophy is the only evidence of the ade-
quate healing of the implant (the so-called “zero bone loss
concept”).* It is worth considering, especially in young
patients, in whom even the ‘acceptable’ bone loss would
amount to 6 mm 20 years after implantation.

Marginal bone loss depends on many factors. One
of the most important ones is the thickness of the gingiva
around the implants. The critical value is defined as 2 mmy;
below this value, the risk of atrophy is much higher.*”
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Other factors include:

— poor oral hygiene®

— the position of the implant in relation to the anatomy
of the bone®%;

— the presence of keratinized gingiva®*;

— an improperly made prosthetic restoration*;

— the type of implant***3;

— the type of prosthetic restoration®;

— the type of abutment, and the type of connection be-
tween the implant and the abutment*S;

— bruxism?;

— tobacco smoking®*;

— a history of periodontal disease***;

— general diseases, e.g., diabetes®*!; and

— the experience of the operator and the dental techni-
cian.52%3

It should be noted that marginal bone atrophy is inde-
pendent of gender, the degree of primary and secondary
stabilization, and the crown-to-implant ratio, while the
effect of age is inconclusive.’*%

To assess the MBL value, cone-beam computed tomo-
graphy (CBCT) or radiovisiography (RVG) can be used. In
order to correctly determine it, 2 measurements — made
on the day of implantation and during the follow-up visit
— should be compared. Using the ‘As Low As Reasonably
Achievable’ (ALARA) principle, to minimize the radia-
tion dose, 2 RVG (2-5 microSy) images taken using the
right angle technique are sufficient to measure MBL. This
ensures the repeatability of the images, and thus the cor-
rectness of the measurements.*”

General considerations

Receiving an answer to the question of whether im-
mediate or early implant loading have important clini-
cal implications as compared to the conventional treat-
ment is important for the physician and the patient,
since it enables faster restoration of the functions of the
stomatognathic system. Therefore, in recent years,
scientists have searched for ways of shortening the time
of treatment without affecting its quality. Much research
has been conducted to assess the effect of loading time
on MBL. A meta-analysis by Esposito et al. showed
that there were no significant differences between
immediate and conventional loading.!* In contrast,
comparisons between early (6 weeks) and conventional
loading as well as between early and immediate loading
provide insufficient and inconclusive evidence to
determine whether there are any clinically significant
differences between the protocols. A meta-analysis by
Suarez et al., which included 11 articles, showed that
the time of implant loading did not affect MBL.?! It was
also revealed that after achieving osseointegration,
there were no differences between the protocols.*
Similar conclusions can be drawn based on other meta-
analyses.>%-61

55

The conclusions of the meta-analyses are in line with
those of clinical trials, but the latter provide a deeper
understanding of other factors that can play a role in the
maintenance of proper bone tissue. A prospective con-
trolled clinical trial conducted by De Smet et al. reported
that distal implants were more likely to fail in the imme-
diate loading protocol.? According to Kawai and Taylor,
the immediately loaded implants showed a loss of about
0.6 mm in the first 12 months, and the same or greater
value in the 2™ year.® Conversely, the implants receiving
conventional loading showed almost the same loss as the
immediately loaded implants in the 1% year, but resulted
in less MBL in the following year.®* Aires and Berger® as
well as Crespi et al.” claim that the loading of implants im-
mediately after extraction can be carried out successfully.
Bilhan et al.® and Sommer et al.?® indicate that late loading
increases the risk of MBL. This is due to the lack of occlusal
forces in this protocol, which act on the implant and acti-
vate proper bone remodeling. However, in some reports,
immediate or early implant loading may be associated with
slightly greater MBL, and also with a higher overall risk
of implant failure.**> Discrepancies in the results may be
due to many reasons.*> Possible factors include research
bias, a small number of studies available in the literature,
small samples sizes, short observation periods, ambiguous
definitions of implant loading time, the types of implants
and prosthetic reconstruction used, the characteristics
of missing teeth (single, multiple, in the mandible, in the
maxilla, anterior or lateral), the previously conducted
augmentation procedures, whether the reconstruction is
made in occlusion or not, etc. Thus, more well-designed
and randomized controlled trials (RCTs) in line with the
CONSORT (Consolidated Standards of Reporting Trials)
guidelines are needed.'® It is also important that the treating
physician understands the healing processes of bone
and soft tissue, and performs a thorough examination
of the patient’s characteristics, which allows selecting the
appropriate therapy and avoiding possible complications.

Conclusions

The analysis of the available data leads to the conclu-
sion that there are no statistically significant differences
in the occurrence of marginal bone atrophy between the
immediately and early loaded implants as compared to
the conventionally loaded ones. Nevertheless, immedi-
ate and early implant loading are important alternatives
for properly selected and compliant patients undergoing
treatment according to the guidelines. Further studies are
needed to determine other factors, in addition to the type
of protocol, to ensure better patient satisfaction .
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1. INFORMACJA O WKLADZIE WSPOLAUTOROW

OSWIADCZENIE WSPOLAUTOROW

Early Loading of Titanium Dental Implants with Hydroxyl Ion Modified

Surface: A 12-Month Prospective Clinical Trial
Maciej Krawiec 1, Jakub Hadzik 1, , Marzena Dominiak |, Wojciech Grzebieluch 2, Artur

Blaszczyszyn 1 and Pawel Kubasiewicz-Ross 1

I Oral Surgery Department, Wroctaw Medical University, Krakowska st. 26, 54-207
Wroctaw, Poland;

2 Digital Dentistry Laboratory, Faculty of Medicine and Dentistry, Department of
Conservative Dentistry with Endodontics, Wroclaw Medical University, Krakowska st. 26,
54-207 Wroctaw, Poland;
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OSWIADCZENIE WSPOLAUTOROW

Aesthetic Outcomes of Early Occlusal Loaded SLA Dental Implants with
Hydroxyl Ion Modified Surface—A 12 Months Prospective Study
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Role of implant loading time in the prevention of marginal bone loss after

implant-supported restorations: A targeted review
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2. ZGODA KOMISJI BIOETYCZNEJ

KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 596/2018

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powotana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dziatajgca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spotecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z pdzniejszymi
zmianami ) w skladzie:

dr hab. Jacek Daroszewski (endokrynologia, diabetologia)

prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski (chirurgia szczgkowa, chirurgia stomatologiczna)
mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewngtrzne, alergologia)

ks. dr hab. Piotr Mrzygtéd (duchowny)

mgr Luiza Miiller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenborn (pediatria, choroby zakazne)

Danuta Tarkowska (pielegniarstwo)

prof. dr hab. Anna Wiela-Hojenska (farmakologia kliniczna)

dr hab. Andrzej Wojnar (histopatologia, dermatologia) przedstawiciel Dolnoslaskiej Izby
Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,

po zapoznaniu si¢ z projektem badawczym pt.

~Porownawcza ocena stabilizacji dwoch rodzajow implantéw o r6znej srednicy platformy w
stosunku do poziomu wyrostka zgbodotowego i wysokosci brodawki miedzyzebowej w
strefie estetycznej szczeki”
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zgloszonym przez lek. dent. Macieja Krawca zatrudnionego w Katedrze i Zakladzie
Chirurgii Stomatologicznej Uniwersytetu Medycznego we Wroclawiu oraz ztozonymi wraz
z wnioskiem dokumentami, w tajnym glosowaniu postanowila wyrazi¢ zgode na
przeprowadzenie badania w Katedrze i Zaktadzie Chirurgii Stomatologicznej UM pod
warunkiem zachowania anonimowos$ci uzyskanych danych.

Uwaga: Badanie to zostato objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroclawiu z tytulu prowadzonej dziatalnosei:

Pouczenie: W ciagu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwolania do Komisji Odwotawczej za posrednictwem Komisji Bioetycznej UM we

Wroctawiu

Opinia powyzsza dotyczy: projektu badawczego bedacego podstawg dziatalnosci statutowej

Wroclaw, dnia 2@ pazdziernika 2018 r.

BW
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 229/2019

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroclawiu, powolana
zarzgdzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dzialajaca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spotecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o0 zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z pdzniejszymi
zmianami ) w skladzie:

dr hab. Jacek Daroszewski, prof. nadzw. (endokrynologia, diabetologia)
prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szcz¢kowa, chirurgia stomatologiczna)
mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewnetrzne, alergologia)

ks. dr hab. Piotr Mrzygtéd, prof. nadzw. (duchowny)

mgr Luiza Miiller ~ (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenborn, prof. nadzw (pediatria, choroby zakazne)

Danuta Tarkowska (pielegniarstwo)

prof. dr hab. Anna Wiela-Hojefiska (farmakologia kliniczna)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoslaskiej Izby Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajgc w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.:

»Poréwnawcza ocena stabilizacji dwéch rodzajéw implantéw o réznej $rednicy platformy

w stosunku do wezesnego, funkcjonalnego obciazenia implantéw i poziomu witaminy D we
krwi wiosniczkowej”
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zgloszonym przez lek. dent. Macieja Krawca zatrudniony w Katedrze i Zaktadzie Chirurgii
Stomatologicznej Uniwersytetu Medycznego we Wroclawiu oraz zlozonymi wraz

z wnioskiem dokumentami, w tajnym glosowaniu postanowita wyrazié¢ zgode na
przeprowadzenie badania w Katedrze i Zaktadzie Chirurgii Stomatologicznej pod
nadzorem prof. dr hab. Marzeny Dominiak pod warunkiem zachowania anonimowosci
uzyskanych danych.

Uwaga: Badanie to zostato objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dziatalnosci.

Pouczenie: W ciagu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwolania do Komisji Odwotawczej za posrednictwem Komisji Bioetycznej UM we

Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego bedacego podstawa rozprawy doktorskiej.

Wroctaw, dnia & marca 20191 Uniwersytet M ywe it Stawiu

prof. dr hap\Jan Komafel
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3. WYKAZ PUBLIKACJI AUTORA

Wykaz publikacji

MACIEJ KRAWIEC

1. Publikacje w czasopismach naukowych

1.1 Publikacje w czasopi$mie naukowym posiadajacym Impact Factor

Opis bibliograficzny IF

PK

Comparative evaluation of the effectiveness of the implantation in the lateral part of the 1,852
mandible between short tissue level (TE) and bone level (BL) implant systems. [AUT.]
JAKUB HADZIK, UTE BOTZENHART, MACIEJ KRAWIEC, TOMASZ
GEDRANGE, FRIEDHELM HEINEMANN, ANDRAS VEGH, MARZENA
DOMINIAK. Ann.Anat. 2017 Vol.213 5.78-82, ryc., tab., bibliogr. 27 poz., summ. DOI:
10.1016/j.aanat.2017.05.008

30,00

Short implants and conventional implants in the residual maxillary alveolar ridge: a 36- 1,980
month follow-up observation. [AUT.] JAKUB HADZIK, MACIEJ KRAWIEC, PAWEL
KUBASIEWICZ-ROSS, AGATA PRYLINSKA-CZYZEWSKA, TOMASZ GEDRANGE,
MARZENA DOMINIAK. Med.Sci.Monit. 2018 Vol.24 5.5645-5652, ryc., tab., bibliogr.
33 poz., summ. DOI: 10.12659/MSM.910404

20,00

The influence of the crown-implant ratio on the crestal bone level and implant secondary 2,197
stability: 36-month clinical study. [AUT.] JAKUB HADZIK, MACIEJ KRAWIEC,
KONSTANTY SELAWECKI, CHRISTIANE KUNERT-KEIL, MARZENA DOMINIAK,
TOMASZ GEDRANGE. BioMed Res.Int. 2018 Vol.2018 art.4246874 [7 s.], ryc., tab.,
bibliogr. 42 poz., summ. DOL 10.1155/2018/4246874

25,00

Aesthetic outcomes of early occlusal loaded SLA dental implants with hydroxyl ion 3,623%
modified surface - a 12 months prospective study. [AUT.] MACIEJ KRAWIEC, JAKUB
HADZIK, CYPRIAN OLCHOWY, MARZENA DOMINIAK, PAWEL KUBASIEWICZ-
ROSS. Materials 2021 Vol.14 no.21 art.6353 [12 s.], ryc., tab., bibliogr. 31 poz., summ.
DOI: 10.3390/ma14216353

140,00

Early loading of titanium dental implants with hydroxyl ion modified surface: a 12-month | 2,679*
prospective clinical trial. [AUT.] MACIEJ KRAWIEC, JAKUB HADZIK, MARZENA
DOMINIAK, WOJCIECH GRZEBIELUCH, ARTUR BLASZCZYSZYN, PAWEL
KUBASIEWICZ-ROSS. Appl.Sci. 2021 Vol.11 no.7 art.2958 [13 s.], ryc., tab., bibliogr.
40 poz., summ. DOT: 10.3390/app11072958

100,00

12,331

315,00

*IF 2020

1.2 Publikacje w czasopi$mie naukowym nieposiadajacym IF

Opis bibliograficzny

PK

Kamica $linianki podzuchwowej - opis przypadku (Submandibular sialolithiasis - case report).
[AUT.] MACIEJ KRAWIEC, PAWEL KUBASIEWICZ-ROSS, WIKTOR SIDOROWICZ,
ANNA PELC, PIOTR KAPEK. Twdj Przegl.Stomatol. 2015 nr 10 5.42-44, ryc., streszcz., summ.

3,00

Autotransplantacja jako metoda autogennej rekonstrukeji ubytkéw wyrostka zgbodotowego - opis
przypadku (Autotransplantation as a method of autogenous reconstruction of alveolar bone loss - a
case report). [AUT.] MARZENA DOMINIAK, MACIEJ KRAWIEC, ARTUR PITULAJ, ANNA
SMULCZYNSKA-DEMEL, IWONA BEDNARZ. Laser-wyd.pol. 2017 Vol.4 nr 4 5.22-29, ryc.,
bibliogr. 17 poz., streszcz., summ.

0,00

The role of vitamin D in the human body with a special emphasis on dental issues: literature review.
[AUT.] MACIEJ KRAWIEC, MARZENA DOMINIAK. Dent.Med.Probl. 2018 Vol.55 no.4
5.419-424, tab., bibliogr. 41 poz., summ. DOI: 10.17219/dmp/99051

11,00

Prospective evaluation of vitamin D levels in dental treated patients: a screening study. [AUT.]
MACIEJ KRAWIEC, MARZENA DOMINIAK. Dent.Med.Probl. 2021 Vol.58 no.3 s.321-326,
ryc., tab., bibliogr. 34 poz., summ. DOI: 10.17219/dmp/134911

70,00
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Role of implant loading time in the prevention of marginal bone loss after implant-supported 84,00
restorations: A targeted review. [AUT.] MACIEJ KRAWIEC, CYPRIAN OLCHOWY, PAWEL
KUBASIEWICZ-ROSS, JAKUB HADZIK, MARZENA DOMINIAK. Dent.Med.Probl. 2022 May
24. Online ahead of print. DOIL: 10.17219/dmp/150111

154,00

1.3 Prace kontrybutorskie — uczestnictwo w grupie badawczej —

2. Monografie naukowe i skrypty

2.1 Autorstwo monografii naukowej —

2.2 Autorstwo rozdziatu w monografii naukowej —

2.2.1 Autorstwo rozdziatu w monografii pokonferencyjnej —
2.3 Redakcja naukowa monografii naukowej —

3 Inne —

4. Streszczenia zjazdowe

Lp Opis bibliograficzny

1. | Comparative evaluation of the effectiveness of the implantation in the lateral part of the mandible using short
implants. [AUT.] MARZENA DOMINIAK, MACIEJ KRAWIEC, TOMASZ GEDRANGE. Int.Dent.J.
2015 Vol.65 suppl.2 5.79 poz.FC159, The 103rd FDI Annual World Dental Congress. Bangkok
(Thailand),22-25 September 2015. Abstracts.

2. | Comparative evaluation of short tissue level (TE) and bone level (BL) dental implants. [AUT.] JAKUB

HADZIK, PAWEL KUBASIEWICZ-ROSS, MACIEJ KRAWIEC, ARTUR PITULAJ, TOMASZ
GEDRANGE, MARZENA DOMINIAK. W: Nowe horyzonty radiologii stomatologiczne;j : 40 lat
akademickiego nauczania radiologii stomatologicznej w Lublinie. Lublin, 21-23 pazdziernika 2016 r.
Streszczenia i prezentacje, s.124.

Comparative evaluation of the effectiveness of the implantation in the lateral part of the mandible between
short tissue level (TE) and bone level (BL) implant systems. [AUT.] JAKUB HADZIK, MACIEJ
KRAWIEC, UTE BOTZENHART, TOMASZ GEDRANGE, MARZENA DOMINIAK. Int.Dent.J. 2016
Vol.66 suppl.1 .50 poz.P054, 104th FDI Annual World Dental Congress. Poznain (Poland), 7-10 September
2016. Abstracts.

Micro-CT evaluation of modified zirconia implants osteointegration. [AUT.] ARTUR PITULAJ, PAWEL
KUBASIEWICZ-ROSS, JAKUB HADZIK, KAMIL JURCZYSZYN, MACIEJ KRAWIEC, MARZENA
DOMINIAK. W: Nowe horyzonty radiologii stomatologicznej : 40 lat akademickiego nauczania radiologii
stomatologicznej w Lublinie. Lublin, 21-23 pazdziernika 2016 r. Streszczenia i prezentacje, s.122.

Rola witaminy D w leczeniu stomatologicznym na podstawie badan wiasnych. [AUT.] MACIEJ
KRAWIEC, MARZENA DOMINIAK. Public Health Forum 2016 Vol.2 no.3 s.185-186, II
Migdzynarodowy Kongres Polskiego Towarzystwa Zdrowia Publicznego "Zdrowie publiczne - efektywnie
wykorzystaé zasoby ochrony zdrowia". Wroctaw, 24-25 XI 2016 r. Streszczenia.

Short-implants and conventional implants in the residual maxillary alveolar ridge - 36-month follow-up
observation. [AUT.] JJAKUB] HADZIK, M[ACIEJ] KRAWIEC, P[AWEL] KUBASIEWICZ-ROSS,
K[ONSTANTY] SLAWECKI, TTOMASZ] GEDRANGE, M[ARZENA] DOMINIAK. Clin.Oral
Implant.Res. 2016 Vol.27 suppl.13 5.201 poz.PSA-304, 25th European Association for Osseointegration EAO
Congress. Paris (France), 29 September - 1 October 2016. Abstracts.

The effectiveness of short implants in the posterior mandible. [AUT.] ARKADIUSZ MAKOWIECKI,
MACIEJ KRAWIEC, MARZENA DOMINIAK. Int.Dent.J. 2016 Vol.66 suppl.1 s.11 poz.FC028, 104th
FDI Annual World Dental Congress. Poznan (Poland), 7-10 September 2016. Abstracts.

6 mm and 8 mm dental implants in mandible - 12 months follow-up. [AUT.] MACIEJ KRAWIEC, JAKUB
HADZIK, SYLWIA HNITECKA, MARZENA DOMINIAK. Int.Dent.J. 2017 Vol.67 suppl.1 s.37-38
poz.P023, 105th FDI Annual World Dental Congress. Madrid (Spain), 29 August - 1 September 2017.
Abstracts.

Influence of the crown-implant-ratio on crestal bone and implant stability. [AUT.] JAKUB HADZIK,
PAWEL KUBASIEWICZ-ROSS, MACIEJ KRAWIEC, TOMASZ GEDRANGE, MARZENA
DOMINIAK. Int.Dent.J. 2017 Vol.67 suppl.1 s.15-16 poz.FC045, 105th FDI Annual World Dental Congress.
Madrid (Spain), 29 August - 1 September 2017. Abstracts.

67




10.

Vitamin-D in dental treatment on the basis of own research. [AUT.] MACIEJ KRAWIEC, MARZENA
DOMINIAK. Int.Dent.J. 2017 Vol.67 suppl.1 s.31 poz.P002, 105th FDI Annual World Dental Congress.
Madrid (Spain), 29 August - 1 September 2017. Abstracts.

il

Non-splinted single tooth restorations based on short implants in maxilla. [AUT.] JAKUB HADZIK,
MACIEJ KRAWIEC, PAWEL KUBASIEWICZ-ROSS, TOMASZ GEDRANGE, MARZENA
DOMINIAK. Int.Dent.J. 2018 Vol.68 suppl.2 s.40 poz.P069, 106th FDI World Dental Congress. Buenos
Aires (Argentina), 5-8 September 2018. Abstracts. DOI: 10.1111/idj.12441

12:

Non-splinted single tooth restorations based on short implants in maxilla a follow-up study. [AUT.] JAKUB
HADZIK, MACIEJ KRAWIEC, PAWEL KUBASIEWICZ-ROSS, MARZENA DOMINIAK. Clin.Oral
Implant.Res. 2018 Vol.29 suppl.17 5.335 poz.10624, 27th Annual Scientific Meeting of the European
Association for Osseointegration. Vienna, 11-13 October 2018. DOI: 10.1111/clr.220 13358
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