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Abstract:

Objective: The objective of this study was to compare theilermnd strengl
of metal brackets bonding to glazed ceramic susfaising three various surf
treatments.

Materials and Methods: Forty two glazed ceramic disks were assigned tex
groups. In the first and second groups the specmeane etched with 9.5% hy-
drofluoric acid (HFA). Subsequently in first grougeramic primer and adhes
were applied, but in second group a bonding ageneavas used. In third groi
specimens were treated with 358osphoric acid followed by ceramic prir
and adhesive application. Brackets were bonded hgith cure composites. T
specimens were stored in distilled water in thenraemperature for 24 hours ¢
thermocycled 500 times betweePCoand 58C. The urversal testing machi
was used to test the tensile bond strength anddhesive remenant index scc
between three groups was evaluated. The data weyecsed to onevay
ANOVA, Tukey and Kruskal-Wallis tests respectively.

Results: The tensile bond strength was 36%2 MPa forfirst group, 2.69.91
MPa for second group and 3#0D41 MPa for third group. Group Il specim
showed tensile strength values significantly défarfrom other groups (P<0.01).
® Corresponding author: Conclusion: In spite of limitations in labotary studies it may be concluded f
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INTRODUCTION bridges. These are used to repair severely de-
Ceramic is a common restorative material istructed teeth or to replace lost teeth in order to
dentistry being available in different forms ofestore dental health and esthetics, particularly
veneers, crown jackets, crown and ceramic adult patients. Differentypes of ceramics
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varying greatly in the chemical compositionstrength possibly reduce to half values after
method of manufacture and physical propertiesmoving this layer [15]. Scotch bond multi-
have been developed. purpose plus adhesive (3M Unitek, Monovo-
The demands for orthodontic treatment ina, CA) is a newly developed bonding system
adults have been considerably increased ttat provide phosphoric acid instead of HF for
gether with the increase of patients’ knowledgrurface preparation before bonding. Increasing
and change in the modern life style [1, 2]. Asdemands of adults for orthodontic treatment
result, orthodontists may attach orthodontiand contaversy of the results in efficient me-
attachments or fixed retainers to teeth usiigods of bonding to porcelain required more
ceramic restorations such as crowns or viewestigations.

neers.As ceramic is an inert material, it doedloreover some of the studies reported that
not adhere chemically to any of the currentldFA can be substituted by phosphoric acid in
available bonding resin8]. Therefore, ceram- non-glazed porcelain bonding procedures [16].
ic surfaces preparation is an essential step pridre aim of this study was to evaluate tensile
to the bonding process. Numerous approchiesnd strength of metal brackets bonded to the
have been suggested in this regard [4-10]. Atazed ceramic surfaces using three different
glazed ceramic surfaces are not amenable starfaces conditionings.

resin penetration during orthodontic bonding

[4] mechanical or chemical pre-treatment dIATERIALSAND METHODS

the surface is crucial for successful diredtorty- two glazed ceramic disks (10 mm in
bonding. However, as the conventional acidiameter and 2 mm in width) were fabricated
etching technique is not effective in preusing Feldespatic porcelain (Noritake super
treatment of non- enamel surfaces [Smith et @lorcelain EX-3, Noritake Co., Inc., Nagoya,
, 1988], four types of surface-conditioninglapan). The disks were examined to be free of
techniqgues have been commonly used: usintacks and defects. They were washed with
diamond drills or sandpaper discs in order toater and then randomly assigned into three
roughen the porcelain surface, sandblasting \geoups, each containing 14 specimens.
aluminum oxide particles, chemical methodis the first group, the surfaces of the glazed
using hydrofluoric acid or acidulated phoseeramics were etched with 9.5% HFA (Ultra-
phate fluoride and utilizaion of silanes whicldent, USA) for 2 minutes, rinsed with water
increase the wettability of the porcelain surfacand dried with oil-free air. Then, a silane layer
by providing chemical links between porcelaifScotch bond ceramic primer, 3M, USA) was
and the composite [11]. applied on the ceramic surfaces and dried with
Most bonding techniques to ceramics are assor flow.

ciated with the potential risk for the crownScotch bond multipurpose adhesive layer (3M,
veneer or hazards to oral tissues due to the Ws8A) was applied on the ceramic surface af-
of hydrofluoric acid (HFA) which is the con-terwards, thinned using gentle air flow and
ventional accepted surface treatment of ceracured with a light curing device for 10
ic. Hydrofluoric acid to etch porcelain surfaceseconds. Metal brackets of the maxillary cen-
is a potential risk for oral tissue health [12]ral incisors (Dynalock, Standard Edgewise
The conventional ceramics surface treatmedil8, 3M-Unitek, USA) were bonded to the
methods for increasing retention of orthodontsurface of treated ceramics followed by plac-
attachments have not provide optimal qualityjwg the composite on the surface beyond.
[13-14]. Glazing layer plays an important roldhe brackets were compressed to the ceramic
in ceramic resistance as its resistance asdrface by 250 gm force applied from a gauge.
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Fig 2. Specimen setup for testing the tensile bond stheinga

Fig 1. Specimens were mounted in acrylic resin in a sph@gi ) | )
universal testing machine

The composite excess were removed from tiike bracket bonding and other procedures
bracket periphery and light cured for 4Qvere performed similar to the first group. Fol-
seconds (10 seconds from each side) and liggaving the bonding process, the specimens
guide were placed against tooth surface at esere stored in distilled water in room tempera-
angle of 45 with an output of 500 mW/efor ture for 24 hours and then subjected to thermo-
polymerization of the composite. cycling procedure for 500 times in a bath be-
In the second group, the glazed ceramics wdveeen 5°C and 55 °C. The dwelling time in the
exposed by 9.5% HFA for 2 minutes, washdaath was 60 seconds while the specimens were
by water spray for 20 second and dried usinansferred between two bathes in 8 seconds.
gentle air flow. Then an unfilled resin layeAll samples were transferred to a specimen
(8M Unitek) was used on the ceramic surfacprepared as described previously [16] and sub-
thinned with gentle air stream and light curesequently embedded in acrylic resin (Fig 1).
for 10 seconds. The bracket bonding and oth&wick universal testing machine (Z/100, Ger-
procedures were performed similar to firgnany) was used to determine the tensile bond
group. strength of the ceramic specimens in different
In third group, 35% phosphoric acid was usegftoups. For this purpose, acrylic specimens
for surface treatment of the ceramic surfacegere positioned in the lower part of the device
for 15 seconds as recommended by the Scotoid a steel wire which was connected to the
bond multipurpose plus adhesive (3M Unitelypper part of the device was placed beneath
Monovoria, CA) brochure. The surfaces werthe bracket wings (Fig 2). The device was ca-
washed with water and dried by gentle alibrated to apply tensile force with 0.5 mm/min
flow. A layer of adhesion promotor, Scotcltrosshead speed on the brackets until debond-
bond ceramic primer (3M Unitek, Monoroviaing occurred. Tensile bond strength was calcu-
CA) was applied on the ceramic surfaces atated by Newton being converted into mega-
dried gently. pascal (MPa) by dividing the force to the
Afterwards, Scotch bond multipurpose adhdracket base area (M{MPa=N/mnf).

sive was utilized on the surface, thinned by The bracket base area was 16.52’ma® in-
gentle air flow and light cured for 10 seconds.formed by the manufacturer.
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After the debonding procedure, the specimérhe one way ANOVA showed that there was a
surfaces were analyzed for the calculation efatistical significant difference in tensile bond
Adhesive Remnant Index (ARI) under xZtrength between three groups . According to
magnification using the following measureTukey HSD test, significant differences were
ments [17]: observed between second (without using
1: The entire composite remained on the ceeotch bond multipurpose bond) and the other
ramic surface, groups using scotch bond multipurpose adhe-
2: More than 90% of the composite remainesive (P<0.01). However, no significant differ-
on the ceramic surface, ences were noted between first and second
3: More than 10% and less than 90% of thgroups (P=0.937).

composite remained on the ceramic surface, Significant differences were observed regard-
4: Less than 10% of the composite remainédg ARI index of three different surface treat-

on the ceramic surface, ment modalities (P<0.001). In first group, the
5: No composite remained on the ceramic swntire composite remained on the ceramic sur-
face. face on 92.3% of the specimens (ARI in-

Bond strength of the three groups was calcdex=1). In second group, no composite re-
lated. One-way analysis of variance and Tukegained on the ceramic surface on 45.5% of
post-hoc tests were used for statistical analysiee specimens and in third group, the entire
of SBS. Adhesive remnant index (ARI) wasomposite remained on the ceramic surface on
analyzed by the Kruskal-Wallis test. 91.7% of the specimens.

RESULTS DISCUSSION

One of the first group specimens, three of th@onventional bond strength tests include shear
second group specimens and two of the thieshd tensile experiments, although torsional ex-
group specimens were lost during acrylic resperiment results have been reported in some
embedment and calibration of the debondir@ases [18, 19]. Both shear and tensile tests are
device. valid methods [20].

The mean tensile bond strength values of sda-the shear bond strength test, complex stress
cimens of groups first,second and third weidistribution is developed making the exact
3.69 MPa, 2.69 MPa and 3.6 MPa respectivelgtress calculation impossible in the interfacial
Descriptive indices of tensile bond strength @frea; so failure may occur due to the higher
three groups were shown in Table 1. concentrations of local stresses.

Table 1. Tensile Bond Strength of Tested Specimens

Surface condition N Mean (MPa) Standard Min.(MPa) Max. (MPa)
Deviation
| 13 3.69 0.52 2.53 4.59
Il 11 2.69 0.91 1.26 4.04
Il 12 3.60 0.41 2.98 4.26
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Therefore, shaer bond stress test is not ableTiourmond et al [27] demonstrated a higher
show the accurate characteristics of the adlshear bond strength following HFA and silane
sive in the surface/interface areas [19]. Thapplication compared to phosphoric acid and-
tensile bond strength test provides a specimeeramic primer use after 24 hours or 3 months
design with a more unified stress distributiostorage of the specimens in water.

across the interface area [21]. However, some studies suggested that HFA
In the present study, long thin wires were usedirface conditioned cannot increase bond
beneath the bracket wings for the calculatistrength [28]. In addition, Aida et al [29] con-
of tensile forces. This modification was receluded that acid etching procedure with HFA
ommended by Katone and Chen [22]. Asould be replaced with phosphoric acid in ad-
stated by Newman [23] 14 kg/ér=1.5 MPa) dition with using an appropriate silane. Kussa-
is the maximum load which may be entered b et al [30] demonstrated no significant dif-
an orthodontic appliance to a human tooth. Tlerences between phosphoric acid application
tensile bond strength of three surface treatmemt HFA etching plus silane regarding bond
modalities in the present study was much mos&rength. The present study showed similar
than this value. tensile bond strength values following phos-
In a laboratory study, Olsen. [24] assessquhoric acid or HFA etching in the first and
shear bond strength of metal brackets to tkterd groups. Major et al [31] concluded most
tooth surfaces using scotch bond multipurpo$ailures occur on the ceramic- adhesive inter-
adhesive together with 37% phosphoric acfdces in the cases of lower bond strength while
and 10% maleic acid. They calculatetbgether with the increased bond strength, fail-
13.1+4.8 MPa and 10.3+3.1 MPa shear bonde sites tend to occur at the bracket/adhesive
strength to the tooth surface for phosphorioterface or cohesive within the composite re-
acid and maleic acid conditioning respectivelwin. As shown by the present study, 100% of
Thermocycling of specimens before assed#st group and 91.7% of third group specimens
ment of bonding strength and the type of bontdad more than 90% composite resin remaining
ing strength test can be justified the differences the ceramic surface. But in second group
with our results. Furthermore, it has beewith lower bond strength values than other
shown that shear bond strength results ageoups, 54.6% of the specimens had less than
higher than tensile bond strength values in at6% composite resin remaining on the ceramic
thodontic bonding [18, 25, 26]. surface.

Table 2. Adhesive Remnant Index (ARI) Scores for the Groups

ARI
Group Total
1 2 3 4 5

| Count 12 1 0 0 0 13
% Within Group 92.3%  7.7% 0% 0% 0% 100%

g count 2 0 3 1 5 11
% Within Group 182% 0%  27.3%  9.1%  455%  100%

g count 11 1 0 0 0 12
% Within Group 91.7%  83% 0% 0% 0% 100%
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The tensile bond strength to the ceramic suBeGole EA. Effectiveness and duration of or-
face demonstrated by Cochran et al [32], Kehodontic treatment in adults and adolescents.
cadereli et al [33] and Harari et al [34] ardm J Orthod Dentofac Orthop 1998
higher than our results despite using a simil@rct;114(4):383-6.

methodology to ours. The differences may & Graber TM, Vanarsdall RL. Orthodontics:
justified regarding specimen thermocyclin€urrent principles and practice® 3ed. St.
which was not done by these researcherd.ouise: Mosby; 2000. p. 840-1.

Thermocycling is a laboratory prosses that s3-Zachrisson YO, Zachrisson BU, Buyu-
mulate thermal conditions of the oral cavitkyilmaz T. Surface preparation for ortho-
and seems to have a significant effect on bodéntic bonding to porcelain. Am J Orthod
strength values [35]Although in vitro bond Dentofacial Orthop 1996 Apr;109(4):420-
strength studies are useful to provide inform&0.

tion about new adhesive materials and bondidg Smith GA, McInnes-Ledoux P, Ledoux
techniques, in vitro bond strength data shoulR, Wenberg R. Orthodontic bonding to por-
be interpreted with caution [3]. An importantelain bond strength and refinishing. Am J Or-
negative aspect of in vitro bond strength stthod Dentofacial Orthop 1988 Sep;94(3):245-
dies is that complete simulation of oral envib2.

ronment including temperature, humidity, PHp-Diaz-Arnold AM, Aquilino SA. An evalua-
forces and microbial flora is almost impossition of the bond strengths of four organosilane
ble. Another comparison made between tensiteaterials in response to thermal stress. J Pros-
bond strength of the glazed and non-glazédet Dent 1988 Sep;62(3):257-60.

ceramics showed no significant difference8- Rezk-Lega F, Ogaard B. Tensile bond force
between similar groups [16] which was similadf glass ionomer cements in direct bonding of
to the findings of Eustaquio et al [36], Zelos airthodontic brackets: an in vitro study. Am J
al [26], Kocadereli et al [33] and Sant’ Anna eDrthod Dentofacial Orthop 1991
al [37]. However, Barbosa et al [7] and)ct;100(4):357-61.

Schmage et al [10] recommended removal @f Barbosa VL, Almeida MA, Chevitarese O,
the glazed layer necessary for obtaining adéeith O. Direct bonding to porcelain. Am J

guate bond strength. Orthod Dentofacial Orthop 1995
Feb;107(2):159-64.
CONCLUSION 8- Chen JH, Matsumura H, Atsuta M. Effect of

In spite of limitations in laboratory studies idifferent etching periods on the bond strength
may be concluded that in application off a composite resin to a machinable porcelain.
Scotch bond multipurpose plus adhesivd,Dent 1998 Jan;26(1):53-8.

phosphoric acid can be used instead of HF Kitayama Y, Komori A, Nakahara R. Ten-
for bonding brackets to the glazed ceramic resile and shear bond strength of resin reinforced
torations with enough tensile bond strength. glass ionomer cement to glazed porcelain. An-

gle Orthod 2003 Aug;73(4):451-56.
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