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Abstract

Aim of this study was to analyze Shear Bond Strength (SBS) and Adhesive Remnant Index (ARI) of
ceramic and metallic orthodontic brackets bonded to zirconia or lithium-disilicate ceramics used for
prosthetic restorations, conditioned with hydrofluoric acid (HFA) or phosphoric acid (PhA), as well
as to determine the Porcelain Fracture Index (PFI), in order to examine the condition of the ceramic
surface after debonding. Material and methods: The research was conducted on 96 prepared all-ce-
ramic samples divided into 8 groups combined from the type of ceramic material, orthodontic brack-
ets, and surface conditioning. SBS was tested with Universal Testing Machine, and the samples were
analyzed using a Scanning Electron Microscope, to determine ARI and PFI. Statistical data were pro-
cessed using ANOVA, with the level of significance a = 0.05. Results: Lithium-disilicate showed bet-
ter bond strength in almost all groups. However, no significant difference between the groups was
noticed and none of the factors had a significant influence on the mean values of SBS (p>0.05). Nev-
ertheless, ARI significantly depended on the type of bracket (p = 0.005), and PFI significantly de-
pended on the type of etchant (p = 0.029). Conclusion: The use of HFA for surface etching of zirconia
and lithium-disilicate, does not cause a significant increase in the SBS values as compared to etch-
ing with PhA and silane application. Furthermore, HFA can weaken the surface structure of the ceram-
ic, and considering its toxicity, might not be the best suitable conditioner prior to orthodontic bond-
ing to lithium disilicate, and in particular to zirconia, also taking into account its crystalline structure.
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Introduction

Metal-free materials used as dental restorations have been
in the spotlight of recent research, following the introduction
of innovative all-ceramic materials (1). Also, the rising demand
for more facial esthetics has increased the request for adult or-
thodontics (2). However, orthodontic brackets bond poorly to
ceramic surfaces, unless the surface characteristics of the ceram-
ic are altered through certain approaches before bonding (3).

Earlier studies reported that bond strength of brackets to
various restorations can be connected to many factors, such
as restoration material and its surface conditioning, the ma-
terial and the design of the bracket, the properties of the
bond system, as well as the light-curing device. Hereupon,
the combination of these and other factors may be very im-
portant for successful treatment (4-6).

Uvod

Uvodenjem inovativnih potpuno keramickih materijala,
nemetalni materijali koji se koriste u dentalnim restauracija-
ma ve¢ dugo su predmet najnovijih istrazivanja (1). I sve ve-
¢i zahtjevi za estetikom lica povecali su potrebu za time, pa se
sve vedi broj odraslih pacijenata odlucuje za ortodontsku tera-
piju (2). Inace, ortodontske bravice dosta se lose lijepe na ke-
ramicke povrsine, osim ako njihova povrsinska karakeeristika
nije promijenjena odredenim postupcima prije lijepljenja (3).

Dosadasnja istrazivanja pokazala su da je ¢vrstoca vezivanja
bravica na razlicitim restauracijama povezana s mnogobrojnim
¢imbenicima, kao $to su vrsta restaurativnog materijala i nacin
hrapavljenja povrsine, materijal i oblik bravice, svojstva ljepila i
svjetlosno polimerizirajue svjetiljke. Kombinacija tih i drugih
¢imbenika moze biti vrlo vazna za uspjesnost terapije (4 - 6).
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In recent past, we witnessed fast high-tech evolution of
various all-ceramic dental restorations (6,7). Partially stabi-
lized zirconia is a very common choice in dentistry, because
of its indisputable mechanical properties, chemical inertness
and excellent optical properties (7). Another hot-spot all-ce-
ramic that includes excellent esthetics with proper strength is
lithium disilicate (7-9).

The type of ceramic used as restoration can be a decisive
factor for the binding of orthodontic attachments and for the
method of altering their surface before bonding. In the past,
various surface treatment methods of the ceramic surface
were introduced, such as diamond burs, sandblasting, hy-
drofluoric acid (HFA), phosphoric acid (PhA), laser etching,
etc., exposing their advantages and disadvantages (10-15).
Mechanical removal of the glazed surface of the ceramic with
diamond burs as well as sandblasting aluminum-oxide parti-
cles with high pressure can enhance bond strength, but also
can reduce ceramic integrity, which could lead to cracks and
larger damages during debonding (16). HFA etching creates
a porous surface by removing the glassy matrix (17) and has
been shown to result in acceptable bond-strength values in
porcelain (11,14,15), but it is less successful in more crystal-
line rich ceramics. Also, the danger of acid burns is very high,
which can result in deep tissue necrosis (18). Conditioning
with some lasers has also been investigated, also with not so
satisfactory results (19-21). Phosphoric acid (37.0%) cannot
erode superficial layers of silicate ceramic (10,11,13), but it
is able to neutralize the alkalinity of the absorbed water pres-
ent on ceramic restorations in the mouth and thereby making
better chemical conditions for the subsequently applied si-
lane (22). It is also not toxic or corrosive and in combination
with silane achieves satisfactory bond strength (13,22). The
use of silane increases the adhesion of the composite resin
bond to ceramics (11,13,23), by creating a chemical link be-
tween the hydroxyl (OH) of the silica of the ceramic with the
resinous matrix of the composite (6,17,24). However, with
the increase of the crystalline phase in the content of the ce-
ramic, this chemical reaction becomes less efficient, because
of lower levels of silica (17).

When bonding onto ceramic surfaces, the material type
consisting orthodontic brackets and their base surface design
should also be considered. Oftentimes, adhesion of ceram-
ic brackets is higher compared to metallic brackets, because
of the better light transmittance allowing stronger photo-po-
lymerization. This is also due to a different failure mode be-
cause of the flexibility of the metal base (4,6,13,24,25).

Currently, there is no consensus regarding the most ef-
ficient ceramic surface conditioning method for producing
optimal bond strength of orthodontic attachments to vari-
ous ceramic surfaces. The purpose of this research was to con-
duct a comparative analysis of Shear Bond Strength (SBYS)
and of Adhesive Remnant Index (ARI), or ceramic and me-
tallic brackets bonded to zirconia and lithium disilicate ce-
ramic surfaces used for prosthetic restorations, conditioned
with 5% HFA or 37% PhA, and silane. Also, the objective of
this research was to investigate the Porcelain Fracture Index
(PFI), in order to examine the condition of the ceramic sur-
face after debonding.
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Posljednjih godina svjedoci smo tehnoloske evolucije ra-
zicitih potpuno keramickih zubnih restauracija (6, 7). Dje-
lomi¢no stabilizirani cirkonij vrlo je uobicajen u dentalnoj
medicini zbog svojih nespornih mehanickih obiljezja, kemij-
ske inertnosti i izvrsnih optickih karakteristika (7). Keramika
slicnih performansa, s izvrsnom estetikom i odgovaraju¢om
tvrdo¢om, jest i litijev disilikat (7 - 9).

Vrsta keramike kojom se koristimo za restauracije mo-
ze biti odlucujuéi ¢imbenik za vezivanje ortodontskih bra-
vica te za metodu kojom ¢emo pripremiti keramicku povr-
sinu prije lijepljenja bravica. Prije su prikazani mnogi nacini
pripreme povrsine keramike, primjerice, dijamantnim svrdli-
ma, pjeskarenjem, fluorovodi¢nom kiselinom, fosfornom ki-
selinom te jetkanjem laserom, sa svim njihovim prednostima
i nedostatcima (10 — 15). Mehanicko uklanjanje keramicke
glazure dijamantnim svrdlima i pjeskarenje Cesticama alumi-
nijeva oksida pod visokim tlakom moze poboljsati ¢vrstocu
vezivanja, ali s druge strane smanjuje integritet keramike, $to
moze uzrokovati pucanje ili ve¢a osteéenja pri skidanju bra-
vica (16). Jetkanje fluorovodi¢nom kiselinom (HFA) stvara
poroznu povr$inu uklanjanjem staklenog matriksa (17) te je
utvrdeno da rezultira prihvatljivim vrijednostima ¢vrstoce ve-
zivanja kod porculana (11, 14, 15), ali je manje uspjesno
u slucaju vise kristaline keramike. Vilo je velika i opasnost
od opeklina prouzrocenih kiselinom, $to moze rezultira-
ti dubokom nekrozom tkiva. (18). Ispitivana su takoder jet-
kanja povrsine laserom, no rezultati nisu bas zadovoljili (19
— 21). Fosforna kiselina (37,0 %) ne moze erodirati povrsin-
ski sloj silikatne keramike (10, 11, 13), ali moze neutralizira-
ti alkalnost apsorbirane vode u keramickim restauracijama u
usnoj Supljini, ¢ime ostvaruje kemijske uvjete za uporabu si-
lana (22). Ona nije ni toksi¢na, ni korozivna, a u kombinaci-
ji sa silanom postize zadovoljavajuéu ¢vrstocu vezivanja (13,
22). Koristenje silana povecava adheziju kompozitne smole
za keramiku (11, 13, 23) stvaranjem kemijske veze izmedu
hidroksila (OH) silikatne keramike sa smolastim matriksom
kompozita (6, 17, 24). No povecanjem kristali¢ne faze u sa-
stavu keramike, takva kemijska reakcija postaje manje uéin-
kovita zbog smanjene razine silikata (17).

Pri lijepljenju bravica na keramicke povrsine takoder bi
trebalo uzeti u obzir vrstu materijala od kojeg su izradene or-
todontske bravice te oblik njezine baze. Cesto lijepljenje ke-
ramickih bravica na keramiku jace je u odnosu prema me-
talnim bravicama zbog boljeg propustanja svjetla, ¢ime je
omogucena bolja fotopolimerizacija. Razlog moze biti i razli-
¢ita fleksibilnost metalne baze (4, 6, 13, 24, 25).

Trenutaéno nema konsenzusa o tome koji je nacin pripre-
me keramicke povrsine najbolji za optimalnu ¢vrstocu veziva-
nja ortodontskih bravica na razli¢itim keramickim povrsina-
ma. Cilj ovog istrazivanja bio je obaviti komparativnu analizu
posmicne ¢vrstoce vezivanja (SBS) i utvrditi indeks zaostatnog
sloja adheziva keramickih i metalnih ortodontskih bravica lije-
pljenih na cirkonijevu i litijevu disilikatnu povr$inu keramic-
kih krunica koje se koriste za proteticke restauracije koje su
prije toga najetkane 5-postotnom fluorovodi¢nom kiselinom
ili 37-postotnom fosfornom kiselinom i silanom. Sljede¢i cil;
ovoga rada bio je istraziti indeks loma keramike (PFI) kako bi

se ispitalo stanje keramicke povrsine nakon skidanja bravica.
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Material and methods

Preparation of specimens

The research was conducted on 96 all-ceramic crowns,
of which 48 full contour zirconia (Copran Zr-i Monolith,
White Peaks Dental Solutions GmbH&Co.KG, Wesel, Es-
sen, Germany), and 48 lithium disilicate (IPS EMAX CAD,
Ivoclar Vivadent AG Schaan, Lichtenstein). Metallic orth-
odontic brackets (Mini 2000 Ormco Corp., Glendora, Cal-
ifornia, USA) and ceramic orthodontic brackets (Glam
Forestadent, Bernhard Forster GmbH, Pforzheim, Germa-
ny) were equally bonded to these crowns. Two different etch-
ing materials were used for conditioning of the surface of
ceramic crowns: 5% HFA (IPS Ceramic Etching Gel, Ivo-
clar Vivadent AG, Schaan, Lichtenstein) or 37% PhA (Etch-
ing solution, Ormco Corp., Glendora, CA, USA) for 120
s, and subsequently silane (Prosil, Dentscare, Joinville, Bra-
sil) was applied. Two-component (primer and adhesive) com-
posite resin-based bonding system (Tranbond XT, 3M/Uni-
tek, Monrovia, CA, USA) was used for bonding the brackets.
The brackets were bonded in the middle of the prepared sur-
faces of the ceramic sample by the same operator. They were
pressed firmly, and the excess adhesive was removed from
around the bracket base using a dental probe. The adhe-
sive was light-cured for 40 s (4), using a light-emitting diode
(LED; Edition, Ivoclar Vivadent AG, Schaan, Lichtenstein).
Prior to testing, the crowns were embedded in a two-compo-
nent epoxy filling (Epoxy Repair, Bison International, Goes,
The Netherlands). Additionally, five days after bonding the
brackets, the specimens were thermocycled (5800 cycles, 5°C
to 55°C in distilled water, with 10 s dwelling time), in order
to simulate the moisture of the oral environment.

Groups

The sample was divided into 8 groups: 1. Metallic brack-
et bonded to zirconia surface etched with PhA; 2. Metallic
bracket bonded to zirconia surface etched with HFA; 3. Ce-
ramic bracket bonded to zirconia surface etched with PhA;
4, Ceramic bracket bonded to zirconia surface etched with
HFA; 5. Metallic bracket bonded to lithium disilicate sur-
face etched with PhA; 6. Metallic bracket bonded to lithi-
um disilicate surface etched with HFA; 7. Ceramic bracket
bonded to lithium disilicate surface etched with PhA; and 8.
Ceramic bracket bonded to lithium disilicate surface etched
with HFA.

SBS testing

SBS was tested with Universal Testing Machine (Erichsen
0-2000 N, ISO 7500-1:1, AM Erichsen GmbH&Co.KG,
Hemer-Sundwig, Germany), with a load applied parallel to
the buccal surface of the crown in a gingival-occlusal direc-
tion, using a knife-edged rod moving at fixed rate of 1 mm/
min, until failure occurred. The force required to debond the
brackets was recorded in Newton, and the values were calcu-
lated to MPa. (Figure 1).
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Materijali i metode

Priprema uzorka
Istrazivanje je provedeno na 96 keramickih krunica —

48 cirkonijevih (Copran Zr-i Monolith, White Peaks Den-
tal Solutions GmbH®&Co.KG, Wesel, Essen, Njemacka) te
48 od litijeva disilikata (IPS EMAX CAD, Ivoclar Viva-
dent AG Schaan, Lihtenstajn). Metalne ortodontske bravi-
ce (Mini 2000 Ormco Corp., Glendora, California, SAD)
i keramicke ortodontske bravice (Glam Forestadent, Bern-
hard Forster GmbH, Pforzheim, Njemacka) lijepljene su na
navedene krunice u istom omjeru. Koristena su dva razlicita
materijala za jetkanje keramickih krunica — 5-postotna fluo-
rovodi¢na kiselina (IPS Ceramic Etching Gel, Ivoclar Viva-
dent AG, Schaan, Lihtenstajn) i 37-postotna fosforna kiseli-
na (Etching solution, Ormco Corp., Glendora, CA, SAD) u
trajanju od 120 sekunda, nakon cega slijedi primjena silana
(Prosil, Dentscare, Joinville, Brazil). Dvokomponentni (pri-
mer i adheziv) kompozit na bazi smole (Tranbond XT, 3M/
Unitek, Monrovia, CA, SAD) koristen je za lijepljenje bravi-
ca. Isti istrazivac lijepio je sve bravice to¢no na sredinu pripre-
mljene povr$ine keramickog uzorka. Svaki put je bravica bi-
la jednako utisnuta kako bi se viSak adheziva oko nje mogao
ukloniti sondom. Adheziv je polimeriziran svjetlom 40 se-
kunda (4) s pomocu svjetlosno emitiraju¢e diode (LED; Le-
dition, Ivoclar Vivadent AG, Schaan, Lihtenstajn). Prije testi-
ranja krunice su bile dodatno uronjene u dvokomponentnu
epoksidnu smolu (Epoxy Repair, Bison International, Goes,
Nizozemska). Pet dana nakon skidanja bravica, uzorak je ter-
mocikliran (5800 ciklusa, od 5 °C do 55 °C u destiliranoj vo-

di 10 sekunda), kako bi se simulirala vlaznost usne $upljine.

Skupine

Uzorak je podijeljen u osam skupina: 1. metalne bravice
lijepljene na cirkonijevu povrsinu jetkanu fosfornom kiseli-
nom (PhA); 2. metalne bravice lijepljene na cirkonijevu povr-
$inu jetkanu fluorovodi¢nom kiselinom (HFA); 3. keramicke
bravice lijepljene na cirkonijevu povrsinu jetkanu fosfornom
kiselinom (PhA); 4. keramicke bravice lijepljene na cirkoni-
jevu povrsinu jetkanu fluorovodi¢nom kiselinom (HFA); 5.
metalne bravice lijepljene na litijevu disilikatnu povrsinu jet-
kanu fosfornom kiselinom (PhA); 6. metalne bravice lijeplje-
ne na litijevu disilikatnu povrsinu jetkanu fluorovodi¢nom
kiselinom (HFA); 7. keramicke bravice lijepljene na litijevu
disilikatnu povrsinu jetkanu fosfornom kiselinom (PhA); 8.
keramicke bravice lijepljene na litijevu disilikatnu povrsinu
jetkanu fluorovodi¢nom kiselinom (HFA).

SBS testiranje

Posmi¢na ¢vrstoca veze (SBS) testirana je univerzalnim
uredajem za ispitivanje materijala (Erichsen 0-2000 N, ISO
7500-1:1, AM Erichsen GmbH&Co.KG, Hemer-Sundwig,
Njemacka), uz optereéenje primijenjeno paralelno s bukal-
nom povrsinom krunice u gingivno-okluzalnom smjeru ko-
riste¢i se oStricom kidalice s fiksiranom brzinom od 1 mm/
min. do granice pucanja. Sila potrebna za skidanje bravica za-
biljezena je u njutnima, a vrijednosti su izratunate u jedini-
cama MP-a. (slika 1.).
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SEM examination and ARI determination

After debonding, the samples were analyzed using Scan-
ning Electron Microscope (Tescan Vega TS5136MM, Chez
Rep) and photomicrographs were taken, to determine Ad-
hesive Remnant Index (ARI) and Porcelain Fracture Index
(PFI). Before examination under SEM, the samples were
dehydrated for 5h, in increasing concentrations of alcohol
(70% and 95%). Subsequently, the non-conducting mate-
rials (ceramic brackets and both types of crowns) were coat-
ed with gold and palladium sputter (SC7620 Mini Sputter
Coater, Quorum Technologies Ltd, UK). Furthermore, a lo-
calized chemical analysis was performed with Energy Disper-
sive X-ray Spectrometry (EDS) in representative samples, in
order to determine the concentrations of the elements pres-
ent in both types of ceramics.

In order to determine ARI (as per Bishara et al.) (25), the
measurements were performed, using scores varying from 1
to 5: 1 - All adhesive remaining on the ceramic crown sur-
face with the impression of the bracket base; 2 - More than
90% of the adhesive remaining on the ceramic crown sur-
face; 3 - Less than 90%, but more than 10% of the adhesive
remaining on the surface; 4 - Less than 10% of the adhesive
remaining on the ceramic crown surface; and 5 - No adhesive
remaining on the ceramic crown surface.

Damage to the ceramic surface which may have occurred
during shear bond testing was recorded using PFI (13). The
index was divided into four scores as follows: 0 - ceramic
surface intact or in the same condition as before the bonding
procedure; 1 - surface damage limited to glaze layer or very
superficial ceramic; 2 - surface damage which features signif-
icant loss of ceramic requiring restoration of the defect by
composite resin or replacement of the restoration; 3 - surface
damage where the core material has been exposed due to the
depth of the cohesive failure.

Statistical analysis

The Kolmogorov-Smirnov test was used to test the distri-
bution of SBS data. The hypothesis that SBS is similar in all
the groups was tested using the univariate analysis of variance

(ANOVA) with the ceramic type, bracket type and etching
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Figure 1 Schematic illustration of SBS testing
Slika 1. Shematski prikaz SBS testiranja

Ispitivanje elektronskim mikroskopom (SEM) i
odredivanje indeksa zaostatnog sloja adheziva (ARI)

Nakon odljepljivanja bravica uzorci su analizirani s po-
mocu elektronskog mikroskopa (Tescan Vega TS5136MM,
Ceska) te su napravljene foromikrografije kako bi se odre-
dili indeksi zaostatnog sloja adheziva (ARI) i loma kerami-
ke (PFI). Prije analize pod elektronskim mikroskopom uzorci
su dehidrirani pet sati u pove¢anim koncentracijama alkoho-
la (70 % i 95 %). Posljedi¢no, neprovodljivi materijali (kera-
micke bravice i obje vrste krunica) presvuceni su slojem zlata
i paladija (§C7620 Mini Sputter Coater, Quorum Techno-
logies Ltd, UK). Nadalje, lokalizirana kemijska analiza uci-
njena je spektrometrom Energy Dispersive X-ray (EDS) na
reprezentativnom uzorku kako bi se odredila koncentracija
elemenata u obje vrste keramike.

Kako bi se odredio indeks zaostatnog sloja adheziva (ARI)
(prema Bishara i sur.) (25), obavljena su mjerenja, koriste¢i
se rezultatima koji variraju od 1 do 5: 1 — sav adheziv ostao je
na povrsini keramicke krunice s otiskom baze bravice; 2 — vi-
se od 90 % adheziva ostalo je na povrsini keramicke krunice;
3 — manje od 90 %, ali vise od 10 % adheziva ostalo je na po-
vi$ini keramicke krunice; 4 — manje od 10 % adheziva ostalo
je na povrsini keramicke krunice; 5 — nema preostalog adhe-
ziva na povrsini keramicke krunice.

Ostecenje keramicke povrsine koje moze nastati tijekom
testiranja ¢vrstoée vezivanja zabiljeZeno je s pomocu indeksa
loma keramike (PFI) (13). Indeks je podijeljen na cetiri naci-
na: 0 — keramicka povrsina je intaktna, odnosno u istom sta-
nju kao prije lijepljenja; 1 — oste¢enje povrine ograniceno je
na sloj glazure, odnosno na povrsinsku keramiku; 2 — oste-
¢enje povrsine koju karakterizira znacajan gubitak keramike,
$to zahtijeva restauraciju defekta kompozitom ili zamjenu na-
domjestka; 3 — oste¢enje povrsine kada je vidljiva jezgra ma-
terijala zbog dubine kohezivnog neuspjeha.

Statisticka analiza

Kolmogorov-Smirnovljev test koristen je za testiranje dis-
tribucije podataka o posmi¢noj ¢vrstodi veze (SBS). Hipoteza
da je SBS sli¢an u svim grupama testirana je s pomocu uni-
varijantne analize varijance (ANOVA) sa svim vrstama kera-
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method as random factors. The significance level was set at
0.05. The data were analyzed using STATISTICA 10 (Stat-

Soft, Inc., version 10, www.statsoft.com).

Results

The results of SBS by ceramic type, bracket type, and
etching method are shown in Table 1.

According to the results of the Kolmogorov-Smirnov test,
SBS values are normally distributed (Kolmogorov-Smirnov Z
=0.721, p = 0.676). Test for equality of variances (Hartley F-
max = 4.92, Bartlett Chi-Sqr. = 7.33, Cochran C = 0.206, p
= 0.396) confirms that there is no significant difference be-
tween the variables of the individual subsamples i.e. the sam-
ples are homogeneous.

The results obtained from the univariate test of signifi-
cance are presented in Table 2. They indicate that none of
the factors or their interaction have a significant influence on
the mean values of SBS. According to that, and explanations
based on the Cohen criteria, variations of SBS are minor and
in this case not significant.

The results are presented in Figure 2, where the mean
SBS values and corresponding confidence interval (0.95) are
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mike, tipovima bravica i metodama jetkanja kao nasumic¢nim
¢imbenicima. Razina znacajnosti postavljena je na 0,05. Svi
podatci analizirani su statistickim programom STATISTICA
10 (StatSoft, Inc., version 10, www.statsoft.com).

Rezultati

Rezultati posmicne ¢vrstoée veze (SBS) prema vrsti kera-
mike, vrsti bravica i metodama jetkanja prikazani su u tablici 1.

Prema rezultatima Kolmogorov-Smirnovljeva testa, SBS
vrijednosti normalno su rasporedene (Kolmogorov-Smirnov-
liev Z = 0,721, p = 0,676). Test za jednakost varijanci (Har-
tleyev F-maks. = 4,2, Bartlettov Chi-Sqr. = 7,33, Cochranov
C=0,,206, p = 0,396) potvrduje da nema statisticki znacajne
razlike izmedu varijabli pojedina¢nih podgrupa dakle, uzo-
rak je homogen.

Rezultati dobiveni univarijantnim testom znacajnosti na-
laze se u tablici 2. Oni pokazuju da ni jedan ¢imbenik, ni nji-
hove medusobne interakcije ne utje¢u znacajno na srednje
vrijednosti SBS-a. U skladu s tim i objasnjenjima vezanima
uz Cochranove kriterije, varijacije SBS-a su minorne te u tom
smislu beznacajne.

Rezultati su prikazani na slici 2., na kojoj srednje SBS vri-
jednosti odgovaraju intervalu pouzdanosti (0,95) i prikazani

Table 1  Descriptive statistics of SBS by type of bracket (MPa)
Tablica 1. Deskriptivna statistika posmicne ¢vrstoce veze (SBS) prema vrsti bravica (MP-a)
T}\"l::t:ﬁ((;‘::m?lice TY‘I;:S:’: l?::;}(c:t T}&I:ﬁ": jEtt'l:(l:L?:;; Group * Grupa N Srednlj\:e\:iljednost SD
PhA 12 10.85 5.84
_ Metalic ® Metalne HFA 2 12 11.84 7.30
E Total 2 1135 6.49
S PhA 3 12 8.52 4.72
& Ceramic » Keramicke | HFA 4 12 8.99 5.36
2 Total 24 8.75 4.94
[.:]:’ PhA 24 9.69 5.33
Total ® Ukupno HFA 24 10.41 6.43
Total 48 10.05 5.85
. PhA 5 12 10.20 3.29
= £ Metalic ® Metalne HFA 12 11.95 5.96
== Total 24 11.08 479
s PhA 7 12 12.22 6.47
LE Ceramic + Keramicke | HFA 8 12 10.31 5.67
o Total 24 11.26 6.03
EZ PhA 24 11.21 5.13
£ Total * Ukupno HFA 24 11.13 5.75
Total 48 11.17 5.39
PhA 24 10.53 4.65
Metalic ® Metalne HFA 24 11.90 6.52
2 Total 48 11.21 5.64
é‘* PhA 24 10.37 5.85
:3 Ceramic ® Keramicke HFA 24 9.65 5.44
T.OE Total 48 10.01 5.60
= PhA 48 10.45 5.23
Total ® Ukupno HFA 48 10.77 6.05
Total 96 10.61 5.62

SD - Standard deviation ¢ standardna devijacija
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Table 2  Univariate test of significance for SBS (MPa)
Tablica 2. Univarijantni test znacajnosti za SBS (MPa)

Orthodontics Brackets Bonded to Zirconia and Lithium Disilicate Crowns .

Source ® Izvor F p Effect Size ¢ Iznos
Type of Ceramic (t-cer) ® Vrsta keramike (ker.) 0.934 0.336 0.011
Type of bracket (t-bra) ® Vista bravica (bra.) 1.072 0.303 0.012
Type of etchant (t-eth) ® Nacin jetkanja (jet.) 0.078 0.780 0.001
t-cer x t-bra ® ker. x bra. 1.431 0.235 0.016
t-cer x t-etc * ker. x jet. 0.119 0.731 0.001
t-bra x t-etc ¢ bra. x jet. 0.808 0.371 0.009
t-cer x t-bra x t-etc ® ker. x bra. x jet. 0.454 0.502 0.005

shown for the 8 groups generated from all three factors. Sig-
nificant overlap is noticeable in these intervals.

According to the results of the chi-square test, the fre-
quency of certain categories of ARI significantly depends on-
ly on the type of the bracket (chi-square = 14.85, df = 4, p
= 0.005). The first and the second category of ARI appear
to have a significantly higher frequency regarding metallic
brackets: first ARI category occurs only with metallic brack-
ets, and the second in 87.5% of the cases also occurs with
metallic brackets. The frequency of the third category of ARI
is equally distributed in both types of brackets. Again, the
fourth category of ARI is more frequent in ceramic brack-
ets with 63.6%. In the fifth category of ARI, the frequen-

Vertical bars denote 0.95 confidence intervals
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su za svih osam skupina dobivenih od svih triju ¢imbenika. U
tim intervalima vidljivo je znacajno preklapanje.

Prema rezultatima hi-kvadrat testa, frekvencija odredenih
kategorija indeksa zaostatnog sloja adheziva (ARI) znacajno
ovisi o vrsti bravica (hi-kvadrat = 14,85, df = 4, p = 0,005).
Prva i druga kategorija ARI-ja ¢ini se znacajnija u slucaju me-
talnih bravica: prva kategorija prisutna je jedino kod metal-
nih bravica, a druga u 87,5 % slucajeva takoder je uocena
kod metalnih bravica. Frekvencija tre¢e kategorije ARI-ja jed-
nako je rasporedena kod svih vrsta bravica. Na kraju, cetvr-
ta kategorija ¢es¢a je kod keramickih bravica i to 63,6 %. U
petoj kategoriji zastupljenost ARI-ja gotovo je jednaka, s bla-
gom prednos¢u u korist keramickih bravica (53,8 %). To je

Figure 2 Means of shear bond strength (MPa) by type of ceramic,
type of bracket and type of etchant

Slika 2. Srednje vrijednosti ¢vrstoce vezivanja (MP-a) prema vrsti
keramike, vrsti bravica i nacinu jetkanja

Figure 3 Frequencies of Adhesive Remnant Index by Type of
Bracket

Slika 3. Frekvencije indeksa zaostatnog sloja adheziva (ARI)
prema vrsti bravica
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Figure 4 SEM photomicrographs of metallic (upper row) and ceramic (lower row) brackets to determine ARI.
Slika 4. SEM fotomikrograf metalnih (gornji red) i keramickih (donji red) bravica za odredivanje indeksa zaostatnog sloja adheziva (ARI-a)

cy is almost equal with a slight advantage of ceramic brack-
ets (53.8%). This is also illustrated in Figure 3 and also SEM
photomicrographs are presented in Figure 4.

Porcelain fracture index (PFI) significantly differs from
the type of etchant (chi-square = 4.746, df = 1, p = 0.029).
The first PFI category (0) occurs significantly more frequent-
ly with the preparation of the substrate with PhA, while the
other category (1) is more frequently present with the prepa-
ration of substrates with HFA (Table 3). The two last catego-
ries were noticed in neither of the examined samples.

The SEM photomicrographs of the two ceramic sur-
faces etched with HFA revealed different surface morphol-
ogies. Zirconia ceramic displayed fewer pits and more un-
changed glazed surfaces than the lithium disilicate ceramic.
In both type of ceramic, the crowns etched with PhA, loss of
the glazed surface and mild roughening were observed. Uni-

Table 3.  Crosstabulation of PFl with a type of etchant y? — test

takoder prikazano na slici 3., a SEM fotomikrograf prikazan
je na slici 4.

Indeks loma keramike (PFI) znacajno se razlikuje od na-
¢ina jetkanja (hi-kvadrat = 4,746, df = 1, p = 0,029). Prva PFI
kategorija (0) zastupljena je znatno vise kod uzorka s fosfor-
nom kiselinom (PhA), a druga je (1) ¢es¢a kod uzorka koji je
pripremljen supstratom fluorovodi¢ne kiseline (HFA) (tabli-
ca 3.). Dvije zadnje kategorije nisu uocene ni kod jednog is-
pitivanog uzorka.

SEM fotomikrografija dviju keramickih povrsina jetka-
nih fluorovodi¢nom kiselinom (HFA) otkrila je razlicitu po-
visinsku morfologiju. Cirkonijeva keramika imala je manje
jama i nepromijenjenih ostakljenih povrsina od litijeve disi-
likatne keramike. Kod oba tipa keramickih krunica jetkanih
fosfornom kiselinom (PhA) uocen je gubitak ostakljene po-
vrsine te blaga hrapavost. Takoder je zabiljezeno ujednaceno

Tablica 3. Krizno tabuliranje indeksa loma keramike (PFl), ovisno o nacinu jetkanja y? — test

Type of etchant ® Nadin jetkanja
Hydrofluoric

Porcelain fracture index (PFI) ® Indeks loma keramike (PFI) Phosphoric Acid Acid (HFA) ¢ Total »
(PhA) ¢ Fosforna fl did Ukupno
kiselina (PhA) uorovocicaa
kiselina (HFA)
0 - ceramic surface intact or in the same condition as before the bonding proceduree | n* 21 10 31
0 — intakena keramicka povrsina ili u istim uvjetima kao i prije postupka lijepljenja hp® 67.7 % 32.3 % 100.0 %
1 - surface damage limited to glaze layer or very superficial ceramic ® n 27 38 65
1 — oSte¢enje povrsine ograniceno na glazuru ili vrlo povrsinski sloj keramike hp 41.5% 58.5 % 100.0 %
n 48 48 96
Total * Uk
ot * uprio hp 50.0 % 50.0 % 100.0 %
x> — test 1=4.746 df=1 p=0.029

¢ count, ® % within PFI ¢ unutar PFl-ja
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form peeling or an erosive appearance with shallow penetra-
tion and undercuts was also observed (Figure 5).

Noticeable differences in chemical element concentra-
tions of measurements with EDS between lithium disilicate
(42% O, 32% Si, 9.3% K, 8.6% C, 3% Al, 2.6% W, 2.1%
Zn) and zirconia (48.6% Zr, 43.2% O, 5.7% Si, 1% Al, 0.9
K) are presented in Figure 6.
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ljustenje i erozivan izgled s plitkim prodiranjem i potkopava-
njem (slika 5.).

Znacajne razlike u koncentraciji kemijskih elemenata u
EDS mjerenjima izmedu litijeva disilikata (42 % O, 32 %
§i,9,3 % K, 8,6 % C, 3 % Al 2,6 % W, 2,1 % Zn) i cirko-
nija (48,6 % Zr, 43,2 % O, 5,7 % Si, 1 % Al, 0,9 K) prika-

zane su na slici 6.
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Figure 5 SEM images from ceramic surfaces (from left to right): a) Zirconia etched with HFA, b) Lithium disilicate etched with HFA, c) Zirconia

etched with PhA, and d) Lithium disilicate etched with PhA.

Slika 5. SEM slika keramicke povrsine (slijeva nadesno): a) cirkonij jetkan fluorovodicnom kiselinom (HFA); b) litijev disilikat jetkan
fluorovodiénom kiselinom (HFA); c) cirkonij jetkan fosfornom kiselinom (PhA); d) litijev disilikat jetkan fosfornom kiselinom (PhA)

Full Scale 6772 cts Cursor: 0.000 ke

Figure 6 Graphicalillustration of EDS measurements in lithium disilicate (a) and zirconia (b).

Slika 6. Graficki prikaz EDS mjerenja litijeva silikata (a) i cirkonija (b)

Discussion

When bonding brackets to ceramic surfaces, double chal-
lenges arise. In order to avoid bond failure, the optimal bond
strength of 6 to 10 MPa during the treatment is recommend-
ed (13). Again, after debonding, the restorations should re-
main in the same condition with their ideal esthetic and
function (4,26). Nevertheless, transferring this value in clini-
cal work is questionable because of the complex environment
of the oral cavity (14). In this research, the mean SBS values
for all combinations were more than 6 MPa, but less than 13
MPa, which may cause cracks in the ceramic (26).

The results of our PhA-etched groups show similar bond
strengths to those etched with HFA, which is consistent with
the results of other studies (6,13,22).

According to numerous studies (4,6,13,24,25), the bond
strength of ceramic brackets is higher than the strength of me-
tallic brackets. But, our results indicate that this doesn’t oc-
cur at orthodontic brackets bonded to zirconia restorations,

Rasprava

Pri lijepljenju bravica na keramicke povrsine mnogo je
izazova. Kako bi se izbjegle pogreske, optimalna ¢vrstoca ve-
zivanja bravica za keramicke krunice tijekom ortodontske te-
rapije trebala bi iznositi 6 do 10 MP-a (13). Nakon skidanja
bravica restauracije bi trebale ostati nepromijenjene kad je ri-
je¢ o estetici i funkciji kao i prije terapije. (4, 26). Stovide,
implementacija toga u klinicki rad upitna je zbog drukdijih
uvjeta u usnoj Supljini (14). U ovom istrazivanju srednje vri-
jednosti posmicne ¢vrstoce vezivanja (SBS) u svim su kombi-
nacijama bile ve¢e od 6 MP-a i manje od 13 MP-a, §to moze
rezultirati pucanjem keramike (26).

Rezultati za skupinu koja je jetkana fosfornom kiselinom
pokazuju sli¢nu posmicnu ¢vrstou vezivanja kao i u skupini
jetkanoj fluorovodi¢nom kiselinom, $to se slaze s rezultatima
drugih istrazivanja (6, 13, 22).

Prema mnogobrojnim istrazivanjima (4, 6, 13, 24, 25),
¢vrstoca vezivanja keramickih bravica veca je od ¢vrstoce ve-
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and this is in accordance with a study previously reported
by Mehmeti ez al. (2017) (27), where metallic brackets, in
comparison with ceramic brackets, bond better with zirco-
nia restorations. This might be because of the base surface de-
sign of metallic brackets, producing a better mechanical cou-
pling with zirconia ceramic substrate. Furthermore, this was
not the case in most of our groups with ceramic brackets, ex-
cept group 7 showing the best result, however still not sig-
nificant in comparison with metallic bracket groups. In gen-
eral, ceramic brackets bonded to lithium disilicate samples,
compared to those bonded to zirconia, showed slightly but
not significantly higher SBS values. The highest difference
between the lithium disilicate and zirconia was registered in
a ceramic bracket and phosphoric acid groups, probably due
to the variations in the chemical compositions of these two
ceramic materials.

Regardless of the type of ceramic and its surface con-
ditioning, the samples with metallic brackets have shown
mixed adhesive-cohesive failures. In the majority of the sam-
ples with ceramic brackets, adhesive failures were noticed
(scale 4 or 5), which indicates that the bond strength be-
tween the composite and the ceramic bracket was stronger
than the bond strength between the composite and ceramic
crown. This type of failure is desired to avoid ceramic break-
age during debonding (28). Our findings are partially in con-
cordance with the above mentioned findings.

Furthermore, in neither of the all-ceramic types larger
fractures or cracks were observed, which is clinically impor-
tant for the long-term integrity of the restoration. The signif-
icant difference between two etchants regarding PFI that was
noticed is in agreement with other studies (6,13) and may in-
dicate that the use of HFA can make more vulnerable the ce-
ramic surface of both all-ceramic materials.

Our findings may indicate that the use of HFA is unnec-
essary for conditioning the ceramic surface before bonding
orthodontic brackets. However, this research was conduct-
ed under in vitro conditions, which are not always possible
to compare with clinical situations. According to Bourk and
Rock (1999), thermocycling weakens bond strength and is
recommended in order to simulate the conditions in the oral
cavity (13). On the other hand, Smith et al. (1988) stated
that thermocycling had no significant effect on SBS (28).
However, in this research, thermocycling was performed as a
mean of artificial aging of the bond prior to testing.

Despite limitations, SBS testing remains a relevant meth-
odology to compare bonding protocols by providing impor-
tant information regarding bracket debonding in clinical sit-
uations (29).

Conclusion

The results of this paper lead us to the conclusion that the
use of HFA for surface etching of zirconia and/or lithium di-
silicate does not cause a significant rise of the SBS values in
comparison to etch with PhA and silane application. Further-
more, HFA can weaken the surface structure of the ceramic,
and considering its adverse effect, might not be the best suit-
able conditioner prior to orthodontic bonding to lithium di-

Usporedba posmicne cvrstoce veze ortodontskih bravica

zivanja metalnih bravica. No u nasem istrazivanju to se nije
pokazalo to¢nim kada su se keramicke bravice lijepile na cir-
konijeve krunice, $to se slaze s ranijim istrazivanjima Mehme-
tija i suradnika (2017.) (27) koji su istaknuli da se metalne
bravice, u usporedbi s keramickima, bolje lijepe na krunice
od cirkonija. Razlog za to moze biti oblik baze metalnih bra-
vica koji stvara bolju mehanicku vezu s cirkonijevom kerami-
kom. Nadalje, u nasem istrazivanju to nije bio slucaj u ve¢i-
ni skupina s keramickim bravicama, osim u sedmoj skupini u
kojoj su postignuti najbolji rezultati, ali jo§ nedovoljno zna-
¢ajni u usporedbi sa skupinom s metalnim bravicama. Opcée-
nito, keramicke bravice lijepljene na litijeve disilikatne uzor-
ke, u usporedbi s onima lijepljenima na cirkonij, pokazale
su neznatne, a ne znacajno vece vrijednosti posmicne ¢vrsto-
¢e veze (SBS). Najvea razlika izmedu litijeva disilikata i cir-
konija zabiljezena je za keramicke bravice kojima su povrsi-
ne jetkane fosfornom kiselinom, vjerojatno zbog razlicitosti u
kemijskom sastavu tih dvaju keramickih materijala. Bez obzi-
ra na vrstu keramike i naéin jetkanja, uzorci s metalnim bra-
vicama pokazali su razlicitosti kod adhezivno-kohezivnih po-
gresaka. Na vedini uzoraka s keramickim bravicama uocene
su pogreske pri vezivanju (ljestvica 4 ili 5), $to pokazuje da je
¢vrstoca veze izmedu kompozita i keramicke bravice jaca od
one izmedu kompozita i keramicke krunice. Takva vrsta veze
pozeljna je kako bi se izbjeglo pucanje keramike pri skidanju
bravica (28). Rezultati naseg istrazivanja djelomic¢no se slazu
s navedenim. Nadalje, ni kod jedne vrste potpune keramike
nisu pronadeni ve¢i lomovi ili pukotine, $to je klinicki vaz-
no za dugoro¢ni integritet keramicke restauracije. Znacajnija
razlika koja je primije¢ena izmedu nacina jetkanja u odnosu
prema indeksu loma keramike slaze se s ostalim istrazivanji-
ma (6, 13) te moze upudivati na to da uporaba fluorovodicne
kiseline moze keramicku povr$inu obiju vrsta potpune kera-
mike u¢initi mnogo osjetljivijom.

Rezultati naseg istrazivanja pokazuju da uporaba fluorovo-
di¢ne kiseline nije nuzna za jetkanje keramicke povrsine prije
lijepljenja bravica. No ovo istrazivanje provedeno je in vitro,
$to se ne moze uvijek usporediti s klinickim uvjetima. Prema
Bourku i Rocku (1999.), termocikliranje oslabljuje ¢vrstoéu
vezivanja, a ipak se preporucuje kako bi se simulirali uvjeti u
usnoj $upljini. (13). S druge strane, Smith i suradnici (1988.)
isticu da termocikliranje nema vedi utjecaj na posmi¢nu ¢vr-
stocu veze (SBS) (28). No u ovom istrazivanju termocikliranje
je provedeno kao sredstvo za umjetno oslabljivanje veze prije
ispitivanja. UnatoC ogranicenjima, ispitivanje posmicne ¢vr-
stoce vezivanja (SBS) ostaje relevantna metodologija kojom se
usporeduju protokoli lijepljenja kako bi se dobile vaine infor-
macije o skidanju bravica u klinickim uvjetima (29).

Zakljuc¢ak

Dobiveni rezultati istrazivanja navode na zakljucak da jet-
kanje fluorovodi¢nom kiselinom u svrhu hrapavljenja povrsi-
ne cirkonijeve i litijeve disilikatne keramike ne utje¢e na bolju
posmicnu ¢vrstocu veze u usporedbi s jetkanjem fosfornom
kiselinom uz primjenu silana. Nadalje, fluorovodicna kiselina
moze oslabiti povi$insku strukturu keramike te, uzimajuéi u
obzir njezin $tetan uc¢inak na oralnu sluznicu, nije najbolji iz-
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silicate, and in particular to zirconia, also taking into account
its crystalline structure.

Regarding the orthodontic point of view, zirconia and
lithium disilicate all-ceramic restorations, as well as both
types of brackets and both type of etchants, have similar fea-
tures and provide strong enough values to ensure appropri-
ate treatment.

dontske terapije.
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Sazetak

Cilj: Analizirani su posmicna ¢vrstoca veze (SBS) i indeks zaostatnog sloja adheziva (ARI) keramickih
i metalnih ortodontskih bravica nalijepljenih na cirkonijeve i litijeve disilikatne krunice koje se koriste
za proteticke restauracije najetkane fluorovodiénom (HFA) ili fosfornom kiselinom (PhA) te se odredi-
vao indeks loma keramike (PFI) kako bi se proucila keramicka povrsina nakon skidanja bravica. Ma-
terijali i metode: Istrazivanje je provedeno na 96 potpuno keramickih uzoraka zuba podijeljenih u
osam skupina prema vrsti keramike, razli¢itosti materijala od kojih su napravljene ortodontske brav-
ice te jetkanju povrsine. Posmicna cvrstoca veze (SBS) testirana je s pomocu univerzalnog uredaja
za testiranje, a uzorci su analizirani elektronskim mikroskopom kako bi se odredio indeks zaostat-
nog sloja adheziva (ARI) i indeks loma keramike (PFI). Statisticki podatci dobiveni su s pomocu tes-
ta ANOVA-e s razinom znacajnosti a = 0,05. Rezultati: Litijev disilikat pokazao je bolju moguénost
vezivanja u gotovo svim skupinama. No nije pronadena znacajnija razlika izmedu skupina i ni jedan
od ¢imbenika nije znatnije utjecao na srednje vrijednosti SBS-a (p >0,05). Naime, ARl je znacajno ovi-
sio o vrsti bravica (p = 0,005), a PFl o vrsti jetkaca (p = 0,029). Zaklju¢ak: Uporaba fluorovodicne ki-
seline (HFA) za hrapavljenje cirkonijeve i litijeve disilikatne povrsine ne utjece na povecanje cvrstoce
vezivanja u usporedbi s hrapavljenjem povrsine fosfornom kiselinom i silanom. Nadalje, fluorovodic-
na kiselina moze oslabiti povrsinsku strukturu keramike, a uzimajuci u obzir njezinu toksi¢nost, ni-
je najprikladnija za nano3enje prije lijepljenja ortodontskih bravica na litijeve disilikatne i cirkonijeve
povrsine, takoder uzimajuci u obzir njihovu kristali¢nu strukturu.
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bor za jetkanje prije lijepljenja bravica na litijevu disilikatnu
keramiku, ali ni na cirkonij, takoder uzimaju¢i u obzir njezi-
nu kristali¢nu strukturu.

S ortodontskog stajalista, cirkonijeve i litijeve disilikatne
potpuno keramicke krunice te bravice od obje vrste materi-
jala, koriStenjem obaju nacina jetkanja, pokazuju sli¢na svoj-
stva i osiguravaju dovoljno ¢vrstu vezu za uspjesnost orto-
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