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Resumo

Introducao: O tratamento de superficie prévio a colagem de braquetes a ceramica com acido fluoridrico, é
indicado devido a sua capacidade de promover alteragcdes morfologicas necessarias para a adesado.
Objetivo: Avaliar a resisténcia de unido ao cisalhamento (RUC) de braquetes metalicos unidos a superficie
ceramica feldspatica sob a acdo do 4cido fluoridrico (AF), em diferentes concentragdes (5% e 10%) e tempos
de aplicagdo distintos (30 e 60 segundos). Material e método: Foram utilizados quatro blocos metalicos
em niquel-cromo, que receberam a aplicacdo de ceramica feldspatica, onde foram colados 80 braquetes
metdlicos (Abzil/3M), divididos em 4 grupos conforme o condicionamento &cido (n=20). Foram
condicionados com 4cido fluoridrico 5%, por 30 e 60 segundos (AF5/30 e AF5/60) e acido fluoridrico 10%,
por 30 e 60 segundos (AF10/30, AF10/60). O compdsito resinoso utilizado foi o Transbond XT (3M) e na
superficie ceramica foi mantido a presenc¢a do glazer. Os espécimes foram posicionados na maquina de
ensaio universal Instron 4411 (Instron Corp, EUA) com um cinzel adaptado, para teste de cisalhamento,
com velocidade de 1mm/min. Os dados foram submetidos a analise de varidncia (ANOVA) e o indice de
Remanescente Adesivo (IRA) foi avaliado. Resultado: No tempo de 30 segundos nao ocorreu diferenga
significativa para as concentragdes de 5% e 10% do acido fluoridrico. No tempo de 60 segundos, para a
concentracdo de 10% houve uma forca de cisalhamento significativamente maior (p<0,05). O IRA
apresentou predominancia dos escores 1 e 2. Conclusdo: Concluiu-se que o acido fluoridrico 10%
apresentou os maiores valores de resisténcia de unido ao cisalhamento em 60 segundos de
condicionamento, enquanto, o acido fluoridrico 5% ndo demonstrou diferenca significativa entre os tempos.

Descritores: Condicionamento 4cido; ceramica; resisténcia ao cisalhamento; braquete ortodontico.

Abstract

Introduction: Surface treatment prior to bonding ceramic brackets with hydrofluoric acid is indicated
because of its ability to promote morphological changes necessary for adhesion. Objective: To evaluate the
shear bond strength (RUC) of metal brackets bonded to the feldspar ceramic surface under the action of
hydrofluoric acid (AF), in different concentrations (5% and 10%) and different application times
(30 and 60 seconds). Material and method: Four nickel-chrome metal blocks that received an application
of feldspathic ceramic were used, to which 80 metal brackets (Abzil/3M) were bonded and divided into
4 Groups (n=20) according to the acid etching procedure. The blocks were etched with 5% hydrofluoric acid
for 30 and 60 seconds (AF5/30 and AF5/60, respectively) and 10% hydrofluoric acid for 30 and 60 seconds
(AF10/30, AF10/60, respectively). The resin composite used was Transbond XT (3M) and the presence of
a glazer was maintained on the ceramic surface. The specimens were placed on a Universal test machine
Instron 4411 (Instron Corp, USA) to which a chisel was adapted to perform the shear test at a speed of
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1mm/min. The data were submitted to the analysis of variance (ANOVA) and the Adhesive Remnant Index
was evaluated. Result: In the time interval of 30 seconds, there was no significant difference for the 5% and
10% hydrofluoric acid concentrations. In the 60-second time interval, the 10% concentration showed
significantly higher shear bond strength values (p<0.05). The ARI showed predominance of scores 1 and 2.
Conclusion: It was concluded that 10% hydrofluoric acid showed higher shear bond strength values in
60 seconds of etching, while 5% hydrofluoric acid showed no significant difference between the etching
times.

Descriptors: Acid etching; ceramic; shear bond strength; orthodontic bracket.

INTRODUCTION

Hydrofluoric acid is cited as being a ceramic surface conditioner because of its capacity to
promote the morphological changes necessary for bonding!->. The growing need for esthetic
rehabilitation has raised the demand for orthodontic treatment and increasingly improved
alignment of teeth. Therefore, orthodontists need to bond orthodontic brackets to various types
of restorations, including those fabricated of porcelain>.

The literature has suggested surface treatment options for the purpose of promoting enamel
surface roughness before bracket bonding®¢. Roughness may be achieved by mechanical means
using diamond tips or airborne particle abrasion with aluminum oxide particlest. However, the
literature has demonstrated crack propagation within the ceramic, and consequent weakening of
the part, making it unfeasible to use this form of roughening’. Furthermore, treatment with
hydrofluoric acid, saline application or even a combination of these treatments has also been
indicated>78.

Hydrofluoric acid has been shown to be an effective option for preparing surfaces that will
receive metal orthodontic accessories!-5, because it promotes dissolution of the vitreous portion
of ceramic. This leads to change in its morphology by creating irregularities that will help the
wetting proposed by saline, and consequently, a more effective bond*59, intensifying the bond
strength0. Criticism of the use of hydrofluoric acid arises from its caustic power, capable of
promoting soft tissue lesions, in addition to the possibility of weakening the ceramicé?.
Commercially, it is found in various concentrations, therefore it is necessary to conduct studies
to establish an adequate application protocol, so that the intended retention will be obtained
without weakening the ceramic part!1-13,

The concentration and etching time with hydrofluoric acid have an influence on the bond
strength, because the changes provided on the ceramic surface may act directly on the bond to
the orthodontic accessory?1014 The size and number of irregularities crated at the time of etching
are associated with the acid formulation and dilution, as well as the etching time10. The degree of
dissolution of the vitreous matrix is proportional to the time of exposure to the acid and promotes
an increase in the number of irregularities on the ceramic surface and area of contact with the
resin cement!l. This leads to the belief that an increase in etching time would lead to an increase
in bond strength®.10,

Starting with the hypothesis that the hydrofluoric acid concentrating and its etching time
would influence the end result of the adhesive process, the aim of this study was to evaluate the
shear bond strength (SBS) of metal brackets bonded to feldspathic ceramic surfaces under the
action of hydrofluoric acid (5% and 10%), in two time intervals of application
(30 and 60 seconds).
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MATERIAL AND METHOD

To conduct the present in vitro study, four specimens constructed in the molds for fabricating
metal-ceramic prosthetic parts were used, which were produced in a prosthesis laboratory. Each
specimen was made with the use of four No.9 wax plates (Asfer) measuring 35 mm high, 16 mm
wide and 3 mm thick. In each plate, a central vertical channel was sculpted, with the following
measurements: 35mm high, 6mm wide and 1.5mm deep.

The united plates formed a rectangle made of wax, which was included in a silicone ring and
filled by coating (Belavest/BEGO). After this, the set was taken to an electric furnace (Bravac) at
a temperature from 900 °C to 930 °C, for the purpose of obtaining evaporation of the wax and
gases contained in the coating, through a canal known as a sprue. This canal also served as a feed
line for inserting the cast metal. Nickel-chrome casting, which initially occurred at approximately
1300 °C, was performed in a crucible specifically for this purpose, using a blow torch and butane
gas. After this silicone was inserted into the ring through a centrifuge. From this casting process,
four metal blocks were originated, which were cooled naturally to ambient temperature.

Each nickel-chrome metal alloy block (Fit Cast-V/Talmax) obtained, was machined with
aluminum oxide stone (Talmax) to regularize the surface, with the aim of avoiding contamination
of the alloy. Airborne particle abrasion with 120-micron aluminum oxide particles (Bio-Art) was
performed under 2 bar pressure at a distance of 10 mm in a chamber specifically for conditioning
of the metal. After conditioning, feldspathic ceramic (VITA) was applied in a vertical and central
channel situated on each side of the metal block, simulating a metal-ceramic crown. Ceramic
application began with the application of two opaque layers for sealing and obliterating the metal.
After this ceramic in the form of paste, obtained by adding distilled water to the ceramic powder,
was applied with the use of a laboratory paint brush. After this a sequence of two to three firings
were performed in a furnace specifically for ceramics (Atlantis Pro/Kota) at a temperature of
approximately 920 °C for sintering, as specified by the manufacturer.

The specimens obtained were initially cleaned with pumice stone and rubber cup, and
afterwards cleaned with water, dried with compressed air for 30 seconds, and then etched with
hydrofluoric acid (HA) (FGM, DENTSCARE LTDA, Joinville/SC, Brazil). On each of the 4 test
specimens, a bonding protocol was performed, by varying the concentration and application time
of HA, classified as follows: AF5/30 (5% hydrofluoric acid for 30 seconds), AF5/60
(5% hydrofluoric acid for 60 seconds), AF10/30 (10% hydrofluoric acid for 30 seconds) and
AF10/60 (10% hydrofluoric acid for 60 seconds). After application of hydrofluoric acid, the
specimens were cleaned with water and dried for 30 seconds.

A coat of silane Rely X Ceramic Primer (3M ESPE, St. Paul, MN, USA) was applied on the ceramic
portion of all the specimens. After an interval of 60 seconds a coat of the adhesive system Adper
Single Bond 2 (3M ESPE, St. Paul, MN, USA) was applied and light activated for 20 seconds. In total
80 maxillary central incisor brackets of the Abzil brand (3M) (lot 1732200533) were used. These
were distributed among the four specimens, so that 20 brackets were placed on each specimen
(n=20); and 5 brackets were disposed on each side of the rectangle with a space of 3mm between
them (Figure 1). The resin composite used was Transbond XT (3M-Unitek) and light
polymerization was performed with the Optilight Max 440 (Gnatus) appliance, (Wavelength
420 to 480nm, Irradiance of 1200 mW/cm?) for 40 seconds.
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Figure 1. Specimen obtained for positioning the supports for the tensile test.

The prepared specimens were stored in deionized water at 37C° for 24 hours815, The shear
bond strength test was performed with a Universal Test machine INSTRON 4411
(Instron Corp, USA) with a chisel adapted for stabilization, and the speed used was 1mm/min.
(Figure 2).

Data were submitted to two-way Analysis of Variance and the Tukey Test, at 5% level of
significance.

Figure 2. Specimens, during the test.

The adhesive remnant Index (ARI) was evaluated with the aid of a magnifying glass with a 25x
magnification lens*1!5, in accordance with the method proposed by Artun, Bergland¢ and was
determined by scores that ranged from 0 to 3:

0 - Absence of any adhesive layer residue on the enamel;
1 - Presence of less than half of the resin residue on the enamel;

2 - Presence of more than half of the resin residue on the enamel;
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3 - Presence of all the resin residue on the enamel, together with the impression of the design on
the base of the support>6817.18,

RESULT

According to the data submitted to analysis of variance (ANOVA), the 5% hydrofluoric acid
showed no significant difference between the etching times of 30 and 60 seconds (p>0.05). While
for the 10% concentration, the etching time of 60 seconds generated significantly higher bond
strength values in the time of 30 seconds. There was no significant difference between the
concentrations of 5% and 10% hydrofluoric acid used for 30 seconds, differing from the
application for 60 seconds, which demonstrated significantly higher SBS values when 10%
hydrofluoric acid was used (Table 1).

Table 1. Mean Shear Bond Strength (MPa) of metal brackets bonded to ceramic surfaces considering the
concentration and etching time

. Etching time
Concentration
30 seconds 60 seconds
5% 6.84 (2.4) Ba 5.78 (2.0) Bb
10% 7.28 (2.2) Ba 8.89 (1.6) Aa

p(conc)=0.0002; p(time)=0.4956; p(interaction)=0.004

Means followed by different letters, (capitals in the horizontal and lower case in the vertical) differ between them (p<0.05).
Area of bracket=12mm?2.

The ARI evaluation demonstrated predominance of score 1 in all the groups, in which all the
resin remained adhered to the ceramic surface, followed by Score 2, present in all the Groups,
except AF5/30, as may be observed in Table 2. No evidence of fracture was shown on the ceramic
surface of the Groups studied.

Table 2. Adhesive Remnant Index on ceramic surface etched with hydrofluoric acid

AF 5/30 AF5/60 AF10/30 AF10/60
0 0% 0% 0% 0%
1 100% 75% 75% 50%
2 0% 25% 25% 50%
3 0% 0% 0% 0%
DISCUSSION

Porcelain is an inert material that needs differentiated surface preparation to fulfill the
proposed prosthetic and orthodontic requirements. For this purpose, the ideal bond strength,
either for fracture repair or for bonding orthodontic accessories must be investigated. According
to Pannes et al.1?, based on a review of the literature, they verified that the ideal bond strength of
clinically successful bonds between orthodontic accessories and ceramic surfaces would be
between 6 and 8 MPa. In the present study, specimens etched with hydrofluoric acid in a
concentration of 5% and 10%, and in two etching time intervals, 30 and 60 seconds, showed SBS
values between 5.78 and 8.98 MPa, demonstrating that the concentration and etching time
influenced the SBS between the orthodontic accessory and ceramic surface, therefore, the
hypothesis tested in our study was accepted.

Hydrofluoric acid has been cited as a surface conditioner capable of promoting roughness on
the ceramic surface resulting from dissolution of the vitreous portion by exposure of the silicon
dioxide -Si029, creating the interlocking necessary for the stages of bonding. The increase in
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etching time to 60 seconds demonstrated that the SBS of the group that received 10%
hydrofluoric acid was above the clinical ideal value proposed by Pannes et al.1°.

Although various studies have agreed that the increase in etching time of hydrofluoric acid
was responsible for the increase in SBS13.61118 in the present study, the results with reference to
5% hydrofluoric acid demonstrated that in spite of the increase in etching time made, a reduction
in SBS could be observed after 60 seconds when compared with the SBS after 30 seconds.
However, when the concentration of the hydrofluoric acid was considered sufficient for
dissolution of the vitreous matrix of the ceramic and favorable to the mechanical interlocking by
the irregularities promoted, an increase in SBS could be observed. Therefore, the increase in
etching time is proportional to the increase in SBS, which is in agreement with our findings, as it
was possible to observe that Group AF10/60 showed higher SBS values than those of Group
AF10/30.

Seeing that there are many concentration of hydrofluoric acid available on the market and that
the literature is not conclusive with regard to its protocol of use!3, various studies with the aim of
investigating the best way to prepare the ceramic surface for the purpose of repairing structural
damage or for bonding orthodontic accessories have reported positive results with 10%
hydrofluoric acid used for an etching time of 60 seconds3910.18, A previous systematic review
verified that the best protocol to use referred to the application of 9.6% hydrofluoric acid for
60 seconds?0,

ARI evaluation demonstrated the presence and predominance of Score 1 in all the studied
groups, while Score 2 was present in all the groups with the exception of Group AF5/30.
According to Ramos et al.21, the ideal would be for debonding to result in adhesive failure, which
would show evidence of an intact original glassy ceramic surface, which would be in agreement
with the findings of the present study, in which even with the predominance of Scores 1 and 2, it
was not possible to observe any damage on the ceramic in any of the groups. For Stella et al.22,
Score 3 of the ARI, in which all the adhesive remainder would be bonded to the ceramic surface
after debonding the accessory, would be the safest option for preservation of the ceramic surface,
in spite of the need for using rotary instruments to remove the residual resin, which must be
performed with care.

In this context, the results of the present study suggested that 5% hydrofluoric acid with an
etching time of 30 seconds would be feasible for bonding accessories and maintaining the
integrity of the ceramic surface. Moreover, the SBS values, irrespective of etching time used were
without the standard of clinical success proposed by the literature??, and in agreement with
another study that considered reduction in the concentration an advantageous means of avoiding
weakening of the ceramic and caustic dangers pertinent to HA®.

Orthodontists must recognize the importance of resorting to clinical ceramic surface
conditioning protocols that offer safe results free of risks pertinent to bonding procedures,
thereby avoiding undesirable effects during the orthodontic treatment of previously rehabilitated
patients. After conducting this study, the authors noted the need for investigating intermediate
hydrofluoric acid concentrations (between 5 and 10%) and associate them with new in vivo
studies.

CONCLUSION

It was concluded that 10% hydrofluoric acid applied for 60 seconds was the protocol that
produced the highest SBS values between orthodontic brackets and the ceramic surface. While
5% hydrofluoric acid showed a clinically acceptable SBS irrespective of the etching time interval
applied.

Rev Odontol UNESP. 2019;48:620190102. DOI: https://doi.org/10.1590/1807-2577.10219 6/8



Influence of hydrofluoric acid etching...

REFERENCES

1. Zarif Najafi H, Oshagh M, Torkan §, Yousefipour B, Salehi R. Evalution of the effect of four surface
conditioning methods on the shear bond strength of metal bracket to porcelain surface. Photomed
Laser Surg. 2014 Dec;32(12):694-9. http://dx.doi.org/10.1089/pho.2014.3782. PMid:25455957.

2. Abreu HF No, Costa AR, Correr AB, Vedovello AS, Valdrighi HC, Santos EC, et al. Influence of light
source, thermos cycling and silane on the shear bond strength of metallic brackets to ceramic. Braz
DentJ. 2015 Nov-Dec;26(6):685-8. http://dx.doi.org/10.1590/0103-6440201300416.
PMid:26963217.

3. Costa AR, Correr AB, Consani S, Giorgi MC, Vedovello AS, Vedovello M Fo, et al. Influence of water
storage and bonding material on bond strength of metallic brackets to ceramic. Braz Dent ]. 2015
Oct;26(5):503-6. http://dx.doi.org/10.1590/0103-6440201300403. PMid:26647936.

4. Matos NRS, Costa AR, Valdrighi HC, Correr AB, Vedovello SA, Santamaria M Jr, et al. Effect of acid
etching, silane and thermal cycling on the bond strength of metallic brackets to ceramic. Braz Dent J.
2016 Oct-Dec;27(6):734-8. http://dx.doi.org/10.1590,/0103-6440201601077. PMid:27982187.

5. Mehta AS, Evans CA, Viana G, Bedran-Russo A, Galang-Boquiren MT. Bonding of metal orthodontic
attachments to sandblasted porcelain and zirconia surfaces. BioMed Res Int. 2016;2016:1-6.
http://dx.doi.org/10.1155/2016/5762785. PMid:27747233.

6. Costa AR, Correr AB, Puppin-Rontani RM, Vedovello AS, Valdrighi HC, Correr-Sobrinho L, et al. Effect of
bonding material, etching time and silane on the bond strength of metallic orthodontic brackets to
ceramic. Braz Dent J. 2012;23(3):223-7. http://dx.doi.org/10.1590/S0103-64402012000300007.
PMid:22814690.

7. Guimardes MB, Lenz HF, Bueno RS, Blaya MBG, Hirakata LM. Orthodontic bonding to porcelain
surfaces: in vitro shear bond strength. Rev Odonto Ciénc. 2012;27(1):47-51.
http://dx.doi.org/10.1590/S1980-65232012000100009.

8. Santos LR, Tunes RS, Silveira SRA, Freitas AP, Lisboa JAA, Lisboa MV. O acido fluoridrico na resisténcia
ao cisalhamento entre a ceramica feldspatica e resina composta. Rev Assoc Paul Cir Dent. 2015 Jan-
Mar;69(1):62-7.

9. Akpinar YZ, Irgin C, Yavuz T, Aslan MA, Kilic HS, Usumez A. Effect of femtosecond laser treatment on
the shear bond strength of a metal bracket to prepared porcelain surface. Photomed Laser Surg. 2015
Apr;33(4):206-12. http://dx.doi.org/10.1089/pho.2014.3791. PMid:25790117.

10. Girish PV, Dinesh U, Bhat CS, Shetty PC. Comparison of shear bond strength of metal brackets bonded
to porcelain surface using different surface conditioning methods: an in vitro study. ] Contemp Dent
Pract. 2012 Jul;13(4):487-93. http://dx.doi.org/10.5005 /jp-journals-10024-1174. PMid:23151698.

11. Venturini AB, Prochnow C, Rambo D, Gundel A, Valandro LF. Effect of hydrofluoric acid concentration
on resin adhesion to a feldspathic ceramic. ] Adhes Dent. 2015 Aug;17(4):313-20.
http://dx.doi.org/10.3290/j.jad.a34592. PMid:26295066.

12.Sundfeld Neto D, Naves LZ, Costa AR, Correr AB, Consani S, Borges GA, et al. The effect of hydrofluoric
acid concentration on the bond strength and morphology of the surface and interface of glass ceramics
to aresin cement. Oper Dent. 2015 Sep-Oct;40(5):470-9. http://dx.doi.org/10.2341/14-133-L.
PMid:25764043.

13. Addison O, Marquis PM, Fleming GL. The impact of hydrofluoric acid surface treatments on the
performance of a porcelain laminate restorative material. Dent Mater. 2007 Apr;23(4):461-8.
http://dx.doi.org/10.1016/j.dental.2006.03.002. PMid:16620948.

14.Jurubeba JEP, Costa AR, Correr-Sobrinho L, Tubel CAM, Correr AB, Vedovello SA, et al. Influence of
thermal cycles number on bond strength of metallic brackets to ceramic. Braz DentJ. 2017 Mar-
Apr;28(2):206-9. http://dx.doi.org/10.1590/0103-6440201701217. PMid:28492751.

Rev Odontol UNESP. 2019;48:620190102. DOI: https://doi.org/10.1590/1807-2577.10219 7/8


https://doi.org/10.1089/pho.2014.3782
https://doi.org/10.1089/pho.2014.3782
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25455957&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25455957&dopt=Abstract
https://doi.org/10.1590/0103-6440201300416
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26963217&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26963217&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26963217&dopt=Abstract
https://doi.org/10.1590/0103-6440201300403
https://doi.org/10.1590/0103-6440201300403
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26647936&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26647936&dopt=Abstract
https://doi.org/10.1590/0103-6440201601077
https://doi.org/10.1590/0103-6440201601077
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27982187&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27982187&dopt=Abstract
https://doi.org/10.1155/2016/5762785
https://doi.org/10.1155/2016/5762785
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27747233&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27747233&dopt=Abstract
https://doi.org/10.1590/S0103-64402012000300007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22814690&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22814690&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22814690&dopt=Abstract
https://doi.org/10.1590/S1980-65232012000100009
https://doi.org/10.1590/S1980-65232012000100009
https://doi.org/10.1089/pho.2014.3791
https://doi.org/10.1089/pho.2014.3791
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25790117&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25790117&dopt=Abstract
https://doi.org/10.5005/jp-journals-10024-1174
https://doi.org/10.5005/jp-journals-10024-1174
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151698&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151698&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26295066&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26295066&dopt=Abstract
https://doi.org/10.2341/14-133-L
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25764043&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25764043&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25764043&dopt=Abstract
https://doi.org/10.1016/j.dental.2006.03.002
https://doi.org/10.1016/j.dental.2006.03.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16620948&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16620948&dopt=Abstract
https://doi.org/10.1590/0103-6440201701217
https://doi.org/10.1590/0103-6440201701217
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28492751&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28492751&dopt=Abstract

Influence of hydrofluoric acid etching...

15.Karan S, Biiytikyilmaz T, Toroglu MS. Orthodontic bonding to several ceramic surfaces: are there
acceptable alternatives to conventional methods? Am ] Orthod Dentofacial Orthop. 2007
Aug;132(2):144.e7-14. http://dx.doi.org/10.1016/j.ajod0.2006.12.006. PMid:17693362.

16. Artun ], Bergland S. Clinical trials with crystal growth conditioning as an alternative to acid-etch
enamel pretreatment. Am ] Orthod. 1984 Apr;85(4):333-40. http://dx.doi.org/10.1016/0002-
9416(84)90190-8. PMid:6231863.

17.Naseh R, Afshari M, Shafiei F, Rahnamoon N. Shear bond strength of metal brackets to ceramic surfaces
using a universal bonding resin. ] Clin Exp Dent. 2018 Aug 1;10(8):e739-45.
http://dx.doi.org/10.4317 /jced.54175.

18. Gongalves PR, Moraes RR, Costa AR, Correr AB, Nouer AB, Sinhoreti MA, et al. Effect of etching time and
light source on the bond strenth of metallic brackets to ceramic. Braz Dent ]. 2011;22(3):245-8.
http://dx.doi.org/10.1590/S0103-64402011000300011. PMid:21915523.

19. Pannes DD, Bailey DK, Thompson ]Y, Pietz DM. Orthodontic bonding to porcelain: a comparison of
bonding systems. ] Prosthet Dent. 2003 Jan;89(1):66-9. http://dx.doi.org/10.1067 /mpr.2003.63.
PMid:12589289.

20. Grewal Bach GK, Torrealba Y, Lagravére MO. Orthodontic bonding to porcelain: a systematic review.
Angle Orthod. 2014 May;84(3):555-60. http://dx.doi.org/10.2319/083013-636.1. PMid:24325623.

21.Ramos TF, Lenza MA, Reges RR, Freitas G. Influence of ceramic treatment on shear bond strength of
ceramic brackets. Indian ] Dent Res. 2012 Nov-Dec;23(6):789-94. http://dx.doi.org/10.4103/0970-
9290.111261. PMid:23649065.

22.Stella JP, Oliveira AB, Nojima LI, Marquezan M. Four chemical methods of porcelain conditioning and
their influence over bond strength and suface integrity. Dental Press ] Orthod. 2015 Jul-Aug;20(4):51-
6. http://dx.doi.org/10.1590/2176-9451.20.4.051-056.0ar. PMid:26352845.

CONFLICTS OF INTERESTS

The authors declare no conflicts of interest.

*CORRESPONDING AUTHOR

Heloisa Cristina Valdrighi, Av. Dr. Maximiliano Baruto, 500, Jardim Universitario, 13607-339
Araras - SP, Brasil, e-mail: heloisavaldrighi@gmail.com

Received: November 6, 2019
Accepted: November 21, 2019

Rev Odontol UNESP. 2019;48:620190102. DOI: https://doi.org/10.1590/1807-2577.10219 8/8


https://doi.org/10.1016/j.ajodo.2006.12.006
https://doi.org/10.1016/j.ajodo.2006.12.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17693362&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17693362&dopt=Abstract
https://doi.org/10.1016/0002-9416(84)90190-8
https://doi.org/10.1016/0002-9416(84)90190-8
https://doi.org/10.1016/0002-9416(84)90190-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6231863&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6231863&dopt=Abstract
https://doi.org/10.1590/S0103-64402011000300011
https://doi.org/10.1590/S0103-64402011000300011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21915523&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21915523&dopt=Abstract
https://doi.org/10.1067/mpr.2003.63
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12589289&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12589289&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12589289&dopt=Abstract
https://doi.org/10.2319/083013-636.1
https://doi.org/10.2319/083013-636.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24325623&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24325623&dopt=Abstract
https://doi.org/10.4103/0970-9290.111261
https://doi.org/10.4103/0970-9290.111261
https://doi.org/10.4103/0970-9290.111261
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23649065&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23649065&dopt=Abstract
https://doi.org/10.1590/2176-9451.20.4.051-056.oar
https://doi.org/10.1590/2176-9451.20.4.051-056.oar
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26352845&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26352845&dopt=Abstract

	Influência do tempo e concentração do ácido fluorídrico na resistência de união do braquete metálico à superfície cerâmica
	Resumo
	Abstract
	INTRODUCTION
	MATERIAL AND METHOD
	RESULT
	DISCUSSION
	CONCLUSION
	REFERENCES
	CONFLICTS OF INTERESTS
	*CORRESPONDING AUTHOR


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 355

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 355

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 2400

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName ([High Resolution])

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



