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INTRODUCTION

Bonding orthodontic brackets to restored dental surfaces is a routine clinical practice. Glass ceramics, such 
as lithium disilicate and feldspathic ceramic, are esthetic ceramics used for partial restorations, veneers, full 
monolithic crowns, and metal layering.1,2 No consensus has been reached about the bond strength of metallic 
brackets to the ceramic surface needed for orthodontic purposes,3 and the clinical rate of debonding between 
bracket and ceramic surfaces is approximately 10% after two years.4 Damage caused ceramic surfaces after 
bracket debonding also needs to be investigated more thoroughly.5-7 No protocol for bonding is described in 
the literature; research has mainly focused on the surface finishing of ceramic materials after bracket debonding.
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Main Points
• Orthodontic brackets can be bonded to ceramic crown surfaces.
• When bonded to metallic brackets, the bond strength of resin-matrix ceramics is higher than that of lithium disilicate. 
•  The use of diamond burs for the removal of the remaining adhesive of the resin matrix ceramics is highly recommended.
•  Polishing of the ceramic surface after bracket debonding is mandatory.

ABSTRACT

Objective: The aims of this study were to compare the bond strength between metallic brackets and two different glass ceramics and 
to evaluate the ceramic surface roughness after different finishing protocols.

Methods: The surface roughness of lithium disilicate and resin matrix ceramic samples was measured (initial). All samples were 
treated with hydrofluoric acid and silane and bonded to metallic brackets with orthodontic cement adhesive. Shear bond strength 
tests were performed using a universal testing machine (n=12). The surface roughness was measured again (intermediate, n=6) after 
removing the remaining cement adhesive from the ceramic surfaces with a diamond or 24-blade bur after polishing the ceramic 
surfaces (final, n=6).

Results: The resin matrix ceramic had the highest bond strength. The rotatory instrument used for the removal of cement adhesive 
did not affect the surface roughness of the resin matrix ceramic or lithium disilicate (p=0.985 and p=0.504, respectively), but did affect 
the evaluation time (p<0.001) for both restorative materials. The intermediate roughness was the highest. For the resin matrix ceramic, 
polishing promoted a final surface roughness similar to the initial condition; however, changes in the surface shape of this ceramic 
could be visibly observed when using a 24-blade bur.

Conclusion:  The bond strength of metallic brackets bonded on resin-matrix ceramics is higher than bonding on lithium disilicate. The 
use of diamond burs for the removal of the remaining adhesive from the resin matrix ceramics is highly recommended.
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The surface characteristics of ceramic restorations are modified 
by adhesive processes during both bonding and debonding 
of orthodontic brackets.8 The acid etching performed before 
bonding, as well as the adhesive penetration, may modify surface 
roughness, gloss, color, hue and shade of ceramics, despite the 
method or type of ceramic used for finishing the surface.8,9 The 
extent of the damage to the ceramic surface must be quantified 
so the clinician can analyze the final results of the treatment.

Several studies have investigated techniques for minimizing 
the damage to the surface of the ceramic surface after bracket 
removal.6,10 Tungsten carbide burs, multiplied burs, polishing 
disks, diamond polishing pastes, and ceramic polishing kits 
are usually employed, which may result in different surface 
patterns.11,12 However, these tools seldom lead to a ceramic with 
a conditions similar to the original.

The composition ceramics are also associated with different 
mechanical strengths and translucencies after orthodontic 
procedures.13 Lithium disilicate is composed of lithium silicate 
crystals embedded in a glass matrix and presents a flexural 
strength higher than that of feldspathic ceramics. Another 
promising restorative material is resin matrix ceramic, also 
called hybrid ceramic, fabricated by computer-aided design/
computer-aided manufacturing (CAD/CAM) systems. This 
ceramic is composed of a polymer (14%)-infiltrated ceramic 
(86%) network.1,14 The resin matrix ceramic mimics the properties 
of natural teeth; for example, it acts like a monobloc when 
adhesively bonded to tooth tissues and decreases the wear by 
antagonists. Additionally, this type of ceramic is also less brittle 
and more tough than glass ceramics and presents an elastic 
modulus similar to that of dentin. Surface finishing procedures 
and their effects on the material properties have also been 
previously been investigated.14

The bonding of ceramic and metallic orthodontic brackets to 
ceramic surfaces is performed by etching the ceramic surface 
with hydrofluoric acid and then applying silane.15-17 Acid etching 
may damage the ceramic surface,17 decreasing the strength of 
the ceramic and changes in translucency.13 Thus, the present 
investigation compared the bond strength between metallic 
brackets and the surfaces of two ceramics, as well as to investigate 
the surface roughness caused by rotatory instruments used for 
the removal of remnant orthodontic adhesive from ceramic 
surfaces. The null hypothesis was that there is no difference in 
bond strength and surface roughness between the two tested 
ceramics after the metal brackets were debonded and rotatory 
instruments were used to remove the remaining adhesive.

METHODS

Two ceramics were evaluated: lithium silicate (IPS e.max 
CAD, IvoclarVivadent, Schaan, Lieschtenstein) and a resin 
matrix ceramic (Vita Enamic, VITA Zahnfabrik, Bad Säckingen, 
Germany). Six CAD/CAM blocks of each material were sectioned 
(6.5×12×2 mm) with a precision saw (IsoMet, Buehler, Lake 
Bluff, USA). The flat square samples were embedded into a 

chemically cured acrylic resin (JET, Clássico, Cotia, Brazil) with 
one surface exposed. The samples were polished with silicon 
carbide papers   (3M, Maplewood, USA) of increasing grit sizes 
(800, 1200, and 2000 grit).

All samples were subjected to a roughness test using a contact 
profilometer (Surftest SJ 310, Mitutoyo, Tokyo, Japan). Three 
parallel readings (ʎc 0.25 mm) were performed at the future site 
for bracket bonding. The mean roughness value (Ra) of each 
sample was recorded.

Bonding of Brackets
Metallic brackets (Edgewise Standard 022; Morelli, Sorocaba, 
Brazil) were used. Two metallic brackets were bonded to each 
ceramic surface (n=12)15 following the protocols described 
below: 

• Lithium disilicate: etching with 10% hydrofluoric acid for 20 s, 
washing with water spray for 40 s, drying, and silane application 
(Prosil, FGM, Joinville, Brazil).

• Resin matrix ceramic: etching with 5% hydrofluoric acid for 
60 s, washing with water spray for 120 s, drying, and silane 
application (Prosil, FGM, Joinville, Brazil). 

• Metallic bracket: cleaning with 70% alcohol, primer application 
(Monobond N, IvoclarVivadent, Schaan, Lieschtenstein).

After bonding, orthodontic adhesive cement (Orthocem, FGM, 
Joinville, Brazil) was applied to the base of the bracket, which 
was positioned on the treated ceramic surface. The bracket 
was pressed by hand onto the ceramic surface until there was 
no visible space between the bracket and the substrate, which 
is also how it should be placed in the clinical setting. Excess 
adhesive was removed. The assembly was light-cured for 30 s per 
bracket (Bluephase N, IvoclarVivadent, Schaan, Lieschtenstein); 
the light detector was placed as closely as possible to the buccal 
side of the bracket without touching it. Samples were stored in 
distilled water at 37 °C for seven days.

The samples were attached to a universal testing machine 
(MBIO, BioPDI, Sao Carlos, Brazil) with the adhesive interface 
parallel to the load application direction. An increasing load 
(1 mm/min) was applied at the adhesive interface until failure 
(bracket debonding) occurred. All brackets were debonded 
(n=12) from the ceramic surfaces. The maximum load applied 
for failure was recorded (N). The bond strength (σ, Mpa) was 
calculated as σ=L/A, where L is the maximum load (N) and A is 
the adhesive interface (mm2). The residual composite remaining 
were assessed using the Adhesive Remnant Index (ARI). This 
index was proposed by Årtun and Bergland18 and was initially 
used to assess the fracture characteristics of the bracket and 
enamel. The same scores were used whether the substrate was 
a ceramic or resin.2,18-20 Failure was classified as: (0) no adhesive 
cement remained on the ceramic, (1) less than half of the 
adhesive cement remained on the ceramic, (2) more than half 
of the adhesive cement remained on the ceramic, and (3) all 
adhesive cement remained on the ceramic.
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After bracket debonding, the respective sites were subjected to 
adhesive removal using one of two rotatory instruments (n=6)12: 
diamond bur (2135 F, Microdont, Sao Paulo, Brazil) or 24-blade 
bur (FG 24, Orthometric, Marilia, Brazil) to complete the resin 
composite restorations. These burs were attached to a high-
speed hand piece (extra torque 605C; Kavo, Sao Paulo, Brazil), 
slipped onto the ceramic surface parallel to the roughness 
reading pathway, and used until all remaining adhesives were 
removed.

After finishing, all samples were subjected to intermediate 
roughness measurements, as described previously. Three 
parallel readings were performed at the bracket-debonding site. 
The Ra of each sample was recorded.

Sites from bracket debonding were polished with a specific 
system (Exa-Cerapol AR; Viking, KG Sorensen, Cotia, Brazil) 
indicated for all ceramic types. Each site was polished for 30 
s, with each step of the system (three steps total) proceeding 
in a single direction (parallel to the direction of the roughness 
reading).

All samples were subjected to final roughness measurements 
after polishing as described previously. Three parallel readings 
were performed at the bracket debonding site. The Ra of each 
sample was recorded.

Statistical Analysis
Shear bond strength data were subjected to statistical analysis 
by the Mann-Whitney U test (α=0.05), with Minitab Statistical 
Software, Minitab Ltd., UK.

Roughness data were subjected to a two-way analysis of 
variance (ANOVA) for repeated data, comparing the effect of the 
rotatory instrument and evaluation time (initial, intermediate, 
and final) (α=0.05) for each ceramic material.

RESULTS

Ceramic material had a significant effect on the bond strength of 
metallic brackets (p=0.03). The resin matrix ceramic exhibited a 
higher bond strength than the lithium disilicate ceramic (Table 
1). All samples were classified as ARI 3, indicating that alll the 
adhesive remnant left on the ceramic surface after bracket 
debonding.

The rotatory instrument used to remove the adhesive did not 
affect the surface roughness of either the lithium disilicate or 
resin matrix ceramics (p=0.985 and p=0.504, respectively), but 
it did affect the evaluation time (Initial Ra x Intermediate Ra x 
Final Ra, p<0.001) (Table 2). For both materials, the intermediate 

roughness was the highest. For resin matrix ceramics, it was 
possible to obtain roughness values similar to the initial 
condition at the final measurement; however, lithium disilicates 
presented higher roughness values at the final condition than at 
the initial condition.

DISCUSSION

This study evaluated the shear bond strength and surface 
roughness of two ceramics used for monolithic restoration after 
the bonding and debonding of metallic orthodontic brackets. 
The metallic brackets bonded to the resin matrix ceramic 
presented a higher bond strength than  that of bonded to 
lithium disilicate (Table 1). 

Resin matrix ceramics have a high fracture toughness and 
an elastic modulus similar to orthodontic adhesives.14 The 
similarities between elastic moduli are an important factor 
when the shear bond strength test is used,21 and may be the 
reason that the highest bond strength values were obtained for 
this material. Additionally, the presence of polymers in the resin 
matrix ceramic favors adhesion to other polymers, such as the 
orthodontic adhesive used in this study.1 

The bond strength values obtained in this study are below 
the values indicated as ideal for orthodontic tensile strength 
(minimum 5 MPa).22 Failure analysis revealed adhesive failure at 
the adhesive-metallic bracket interface (ARI 3) that was similar 
to what has been reported in the literature.23 An MDP-primer 
was used at the bracket bonding surface (mesh), but brackets 
presented a flat surface, which may have been inadequate to 
provide the retention of the adhesive to the metallic surface.

Additionally, differences in shape, mesh type, and surface 
treatment of bracket bases vary according to the brands 
available on the market, and affect bracket retention on various 
restorative surfaces.24

Despite the development of different bracket bases and their pre-
blasting, which provide greater mechanical retention and less 
chance of debonding during orthodontic treatment,20 excessive 
shear strength can damage the substrate during debonding. 
The failure of adhesion between the bracket and adhesive (ARI 
3) is the safest in terms of not damaging the substrate.2 However, 
it is certain that the occurrence of this damage will depend on 
the protocol used to remove the residual adhesive cement.20,25

Both ceramics exhibited an increase in roughness values after the 
removal of the remaining adhesive with rotatory instruments, 
but only the resin matrix ceramic recovered the initial roughness 
values after polishing. Thus, the null hypothesis was rejected.

Table 1. Mean shear bond strength values on different ceramic materials

Shear bond strength Mean (SD) Median n

Lithium disilicate 1.138 MPa (1.258) 0.819 MPa 12

Resin matrix ceramic 2.644 MPa (1.681) 2.315 MPa 12

p-value 0.0304

MPa, Mean bond strength values; SD, standard deviation; Mpa, median, Mann-Whitney test (α=0.05)
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The type of rotatory instruments tested for the removal of the 
remaining adhesive did not affect the surface roughness in the 
intermediate time before polishing. However, the 24-blade bur 
caused visible wear on the surface of the resin-matrix ceramic. 
The lithium disilicate did not exhibit any visible changes. Because 
it is not always clinically possible to identify the ceramic used 
for restoring the patient’s teeth, it is preferable to use finishing 
diamond burs when removing the remaining adhesive from 
the ceramic surface. After polishing, the resin matrix ceramic 
presented a surface roughness similar to the initial condition, 
but lithium disilicate presented roughness values higher than 
those in the initial condition (Table 2). A stone grinding bur and 
abrasive disks of silicone or alumina may also be alternatives for 
polishing ceramics after bracket debonding.6,12

The polishing protocol used in this study-promoted roughness 
values similar to the initial conditions for the resin matrix ceramic. 
This category of ceramics is marketed for easier adjustment, 
repair, and milling than hard machining ceramics such as lithium 
disilicate.1 Several polishing systems and protocols may be 
effective for resin matrix ceramics.14 However, lithium disilicate 
presents high surface roughness, is brittle and is resistant to 
wear,1 thereby requiring more specific finishing procedures. A 
lack of surface gloss was observed for lithium disilicate after all 
procedures (final condition).

Both lithium disilicate and the resin matrix ceramic were 
etched with hydrofluoric acid, followed by silane application, 
as recommended by the respective manufacturers. This surface 
treatment is also indicated in the literature for the bonding of 
metallic brackets to ceramic restorations.15,17 However, even 
after polishing, the color and gloss of the resin matrix ceramic 
were still affected by bonding/debonding the brackets, which 
resulted in an opaque surface. This study did not evaluate color 
alterations, but previous studies have shown that there was 
an increase in the translucency of resin matrix ceramics after 
bonding/debonding of brackets13 and color alteration in lithium 
disilicate ceramic.9 Alternative treatments for the ceramic surface, 
such as phosphoric acid etching26 and Er-YAG laser application,27 
have been suggested. They reported bond strength values 

sufficient for orthodontic tensile strength, resulting in less 
damage and a low chipping rate of the ceramic surface after 
bracket debonding.26,27 Air abrasion of the surface of the glass 
ceramics was not indicated in this study. Despite presenting the 
best bond strength results,16 air abrasion promoted high values 
of surface roughness and color alteration in the ceramics.11

As mentioned before, it may be clinically difficult to obtain 
information or identify the ceramic system used, leading to 
the need for investigation of one standard protocol of rotatory 
instruments and polishing procedures for ceramic surface 
finishing after orthodontic bracket debonding. The 24-blade 
burs are indicated for the removal of adhesive from the tooth 
surface,28 but they may damage the restorative materials, 
particularly polymeric materials, as demonstrated in this study. 
Additionally, ceramics with stains and glazes on their surfaces 
may present different results.

CONCLUSION

Metallic brackets bonded to the resin matrix ceramic presented 
higher shear bond strength values than the brackets bonded to 
lithium disilicate. Polishing after bracket debonding, resulted 
in a surface roughness similar to the initial condition, but the 
removal of the remaining adhesive of the resin matrix ceramics 
should be performed with diamond burs, as it was not possible 
to obtain roughness values similar to the initial condition after 
the use of orthodontic 24-blade burs.
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Table 2. Mean roughness values, standard deviation of each material, and statistical significance for evaluated factors

Rotatory instrument

Initial Ra (mm) Intermediate Ra (mm) Final Ra (mm)

p value*Mean±standard 
deviation

Mean±standard 
deviation

Mean±standard 
deviation

Lithium Disilicate
Diamond bur 0.119 B±0.02 3.269 A±0.62  2.058 A±0.45

p<0.001***
24-blade bur 0.135 B±0.01 3.554 A±2.44 1.738 AB±0.63

p value† 0.986 0.790‡

Resin matrix ceramic
Diamond bur 0.209 B±0.11 2.804 A±0.73 0.378 B±0.16

p<0.001***
24-blade bur 0.222 B±0.06 2.336 B±1.31 0.416 B±0.10

p value† 0.496 0.519‡

Initial Ra (Before bracket bonding); Intermediate Ra (after removal of remaining adhesive with rotatory instruments); Final Ra (after polishing). Ra, Mean roughness 
two-way ANOVA for each material (α=0.05). Different uppercase letters indicate statistical difference in the respective column. *p value representing comparison 
between evaluation timepoints in each material; †p-value representing comparison of both rotatory instruments for each material; ‡p value representing interaction 
between factors (evaluation moment; rotatory instrument)
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