original article

Knoop hardness of enamel and shear bond strength of brackets
bonded with composite resin with and without fluoride
Silvia Amélia Scudeler Vedovello1, Marcelo Grigoletto2, Mário Vedovello Filho1, Heloísa Cristina Valdrighi1, Mayury Kuramae1

Objective: The aim of this study was to evaluate the Knoop hardness of enamel, shear bond strength and failure
pattern (adhesive, bracket/resin interface or mixed) after bonding and debonding brackets, using resin composite
with fluoride (Ortho Lite Cure, Ortho Source®) and without fluoride (Orthobond, Morelli®).
Methods: Fragments (6 mm x 6 mm) of 40 bovine incisor crowns were embedded in acrylic self-polymerizing
resin. The Knoop hardness measurements were performed before and after bonding metal brackets. The specimens were divided into two groups, according to composite resin: with fluoride (Ortho Lite Cure, Ortho Source®)
and without fluoride (Orthobond, Morelli®). After bonding, the specimens were submitted to demineralization
and remineralization cycling for 14 days. Shear bond strength testing was performed in a universal test machine
(EMIC), at 5 mm/min crosshead speed.
Results: There was no significant difference in shear bond strength between Groups I and II. After demineralization and remineralization procedures (DE/RE), the specimens bonded with Ortho Lite Cure showed higher Knoop
hardness than Orthobond. For both groups there was predominance of failure at bracket/resin interface.
Conclusion: specimens bonded with fluoride resin composite showed higher microhardness after DE/RE cycling
than those bonded with resin composite without fluoride, although no difference in shear bond strength was found.
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Dureza Knoop do esmalte e resistência ao cisalhamento de
braquetes colados com resina composta com e sem flúor
Silvia Amélia Scudeler Vedovello1, Marcelo Grigoletto2, Mário Vedovello Filho1, Heloísa Cristina Valdrighi1, Mayury Kuramae1

Objetivo: o propósito deste estudo foi avaliar a dureza Knoop do esmalte, resistência ao cisalhamento e padrão de
falha (adesiva; interface braquete/resina; e mista) após a colagem e descolagem de braquetes, utilizando uma resina composta com flúor (Ortho Lite Cure, Ortho Source®) e uma sem flúor (Orthobond, Morelli®).
Métodos: fragmentos (6mm x 6mm) de 40 coroas de incisivos bovinos foram embutidos em resina acrílica autopolimerizável. A dureza Knoop foi avaliada antes e após a colagem dos braquetes metálicos. Os corpos de prova
foram divididos em dois grupos: resina com flúor (Ortho Lite Cure, Ortho Source®) e resina sem flúor (Orthobond, Morelli®). Após a colagem, os corpos de prova foram submetidos ao ciclo de desmineralização e remineralização durante 14 dias, e submetidos ao ensaio de resistência ao cisalhamento em máquina universal de ensaios
EMIC, com velocidade de 0,5mm/min.
Resultados: o ensaio de resistência de união mostrou que não houve diferença significativa entre os grupos. Após o
processo de desmineralização e remineralização, os corpos de prova colados com a resina composta com flúor apresentaram maior dureza, comparados aos colados com resina sem flúor. Para ambos os grupos houve predominância
de falhas na interface resina/braquete.
Conclusão: os corpos de prova colados com a resina composta com flúor apresentaram maior microdureza após os
processos de desmineralização e remineralização, comparados aos colados com resina composta sem flúor, porém
sem diferença para a resistência de união ao cisalhamento.
Palavras-chave: Braquetes. Resistência ao cisalhamento. Resinas compostas.
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MATERIAL AND METHODS
Forty bovine incisor crowns were sectioned with
double-faced diamond disks under water cooling,
to obtain fragments measuring 6 mm X 6 mm. The
fragments were embedded in PVC® cylinders with
polystyrene resin. After 24 hours, the test specimens were flattened in a polishing machine (Arapol
2v, Arotec S/A Ind. Com. Osasco/SP, Brazil), with
water abrasive paper of decreasing granulation
(400, 600 and 1000), under constant water cooling,
and polished with 6, 3, ½ and ¼ µm diamond paste
and felt disc, under mineral oil cooling.
Knoop microhardness analysis of the enamel was
performed in a microhardness tester model HVS 1000
A (Panambra/SP) with a 25 g load for 5 s,19 before and
after bracket removal. Nine initial hardness readouts
were taken on each enamel fragment before bracket
bonding. The indentations were made in one of the
four edges of the fragment, which was duly identified,
so that after the bracket was removed and the indentations were made, they would be made in the same sites
as those of the initial indentations (Fig 1).

INTRODUCTION
During treatment planning, the problems that can
arise from bonding accessories are of fundamental importance for a successful outcome.15,22 Since the introduction of methods for cementation and bonding orthodontic accessories to dental enamel, various modifications have occurred. The acid etching technique,
introduced by Buonocore,8 in 1955, demonstrated the
possibility of obtaining micromechanical retention of
acrylic restorative materials to the tooth surface.10,20
Caries is a dynamic process, resulting from microbial metabolism on the tooth surface, which may result in mineral loss due to the imbalance between the
demineralization and remineralization process, and
subsequently, in cavitation.12 To diminish the incidence of caries around orthodontic brackets, materials with fluoride releasing capacity, such as glass ionomer cements, were introduced. Glass ionomer cement
was introduced in restorative dentistry in 1972, showing properties of chemical bond to enamel and dentin,
as well as to non precious metals and plastics.15,16 In
addition to acting as a reservoir for fluoride released
by means of ionic exchanges without any loss of resistance, it can be stored for a long time.14
Afterwards, fluoride releasing composites were
introduced on the market due to their better resistance and esthetic properties, when compared with
glass ionomer cements. Due to the greater difficulty
with cleaning caused by fixed orthodontic appliance,
and the increase in the risk of caries incidence,18 some
manufacturers developed hybrid resins that release
fluoride.20 Among these, there is Ortho Lite Cure (Ortho Source), a resin composite for bracket bonding
which contains fluoride in its composition.
The beneficial effect of fluoride is evident in the
control of white spot lesions and for improving oral
health during orthodontic treatment. The use of materials that do not depend on patient cooperation
during orthodontic treatment is of fundamental importance in diminishing the risk of caries and increasing treatment success. Therefore, the purpose of this
study was to evaluate the Knoop hardness of enamel,
shear bond strength and failure pattern (adhesive,
bracket/composite interface or mixed) after bonding
and debonding brackets, with the use of resin composite with fluoride (Ortho Lite Cure, Ortho Source®) and
without fluoride (Orthobond, Morelli®).
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figure 1 - Diagrammatic drawing of the Knoop hardness readout region.
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RESULTS
The results presented in Table 1 showed that there
was no statistically significant difference for the initial
hardness values (p>0.05). However, the test specimens
that received the composite with fluoride (Ortho Lite
Cure) presented a significantly higher final microhardness when compared with those treated with resin
composite without fluoride (Orthobond) (p<0.05).
Analysis of the results indicated that there was a significant reduction in the hardness values after the demineralization and remineralization procedure, both in the
test specimens in Group I and Group II (Table 1).
The shear bond strength test, presented in Table
2, shows that there was no statistically significant difference between the samples bonded with Ortho Lite
Cure and Orthobond (p>0.05).
Analysis of the failure mode showed that the test
specimens in Groups I and II presented predominance of failures at the composite/bracket interface
(55% and 50%, respectively).

After this, the fragments were submitted to prophylaxis with pumice stone and water, using a brush driven
by a low speed motor, followed by washing under running water and drying with a light jet of compressed
air. Next, adhesive tape was placed over the surface of
each test specimen in which the indentations had been
made, so that the adhesive and composite resin would
not flow into this region. The enamel was etched with
37% phosphoric acid, applied to an area corresponding
to the size of the base of the metal bracket for the maxillary central incisor (Roth Light 0.56 x 0.76 mm, 0.022 x
0.030-in at 0º torque and 0º angulation, Morelli™), for
30 seconds, washed and dried with air jets for 20 seconds. The test specimens were divided into two groups
(n=20): Group I – bonded with composite resin Orthobond (Morelli), without fluoride; and Group II – with
composite Ortho Lite Cure (Ortho Source™), with
fluoride. To proceed with bonding, the resin composite
was applied on the bracket bases, which were manually
pressed onto the bovine incisors, and composite excesses were removed with an exploratory probe. Light
activation was performed for 40 s, being 10 s on each
face of the bracket, using an halogen light appliance
(XL2500, 3M/ESPE).
The demineralization and remineralization processes were induced 24 hours after bracket bonding.
The test specimens underwent the demineralization
process (6 hours) and remineralization (18 hours) in
an artificial solution for a period of two weeks.22
Forty-eight hours after concluding the demineralization and remineralization process, the shear
bond strength test was performed in a universal test
machine EMIC (Equipamentos e Sistemas de Ensaio
Ltda, model DL 2000, São José dos Pinhais – PR, Brazil), using a chisel, at a test speed of 0.5 mm/min.
After the shear bond strength test, the samples
were analyzed under a stereoscopic loupe (CQA, model EK3ST), at 20X magnification, to determine the
failure mode: adhesive (no composite remainder on
enamel), composite/bracket (all the composite resin
remained adhered to the enamel) and mixed (part of
the composite was adhered to the enamel and the other part to the bracket). All the procedures were carried out by one single operator. Knoop hardness was
verified again after debonding. The microhardness
and shear bond strength data were submitted to the
Analysis of Variance and Tukey tests (p<0.05).
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Table 1 - Knoop microhardness (KHN) means (standard deviation) before and after the demineralization and remineralization cycles.
Time

Orthobond

Ortho Lite Cure

Initial

266.57 (34.23) a,A

266.33 (33.58) a,A

Final

31.78 (13.02) b,B

45.83 (11.64) a,B

Means followed by distinct lower case letters in line and capital letter in
column differ statistically at the level of significance of 95%.

Table 2 - Shear bond strength (N) means (standard deviation) after demineralization and remineralization cycling.
Orthobond

Ortho Lite Cure

65.13 (25.82) a

57.69 (20.41) a

Means followed by distinct letters in line differed statistically at the level
of significance of 5%.

Table 3 - Failure mode after shear bond strength test (%).
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Resin

Adhesive

Resin/bracket

Mixed

Total

Orthobond

3 (15%)

11 (55%)

6 (30%)

20 (100%)

Ortho Lite Cure

8 (40%)

10 (50%)

2 (10%)

20 (100%)
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DISCUSSION
Dental caries occurs due to the imbalance between
demineralization and remineralization, and the dissolution is caused by organic acids produced by bacterial
plaque, which is difficult to remove due to the presence of orthodontic appliances.3,18,22 White spot lesions evolve in four weeks, therefore the orthodontic
accessories must be carefully examined during every
visit. In addition to this, a preventive program with
fluoride application must be instituted.18 In the initial
periods, loss of surface consistency during demineralization,17,18 as well as greater and faster accumulation
of bacterial plaque occurs.24
At present, the material most used for bracket
bonding is resin composite, which increases the possibility of white spots appearing. Moreover, the need to
decalcify the enamel with phosphoric acid previous to
resin composite application makes the enamel more
susceptible to the onset of white spots. Therefore, the
application of varnish with a high fluoride content is
recommended, but the efficacy of this procedure is
questionable.4 The use of a thin layer of fluoride releasing sealant on the vestibular surface of teeth, applied
under the resin composite for bonding brackets, could
be indicated for the areas susceptible to caries.2,13
Fluoride release provides an additional advantage to the bond system, as it minimizes decalcification around orthodontic brackets,12 which could
have a significant effect, particularly in orthodontic
patients whose oral hygiene is deficient.5 Several researches have indicated that the use of fluoride leads
to a decrease in the incidence of carious lesions,
particularly when fluoride ions are easily available
in the oral medium. More specifically, the presence
of fluoride should diminish the ionic loss from the
dental structure until the pH of plaque reaches 4.5,
which has a beneficial effect on the remineralization
process. But before reaching a critically low pH level,
the availability of fluoride ions in the oral medium
should promote remineralization.1,11,16,22
Knoop hardness tests are frequently used to verify
the degree of tooth enamel mineralization6. According
to the methodology used, the resin composite without
fluoride (Orthobond, Morelli) presented significantly
lower hardness in comparison to the resin with fluoride (Ortho Lite Cure, Ortho Source). Fluoride has a
protective effect against demineralization caused by
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caries and erosion.23,25,26 Hydroxyapatite can be dissolved below the critical pH (which is low for hydroxyapatite), but the ions released may be re-precipitated
as fluorapatite or fluoridated apatite in the presence
of low concentrations of fluoride ions in solution.25 In
the presence of high concentrations (>100 ppmF), calcium fluoride is formed and acts as a reservoir of fluoride on the tooth surface. Therefore, when the enamel
is submitted to cyclic changes of pH in the presence of
fluoride, remineralization occurs,24 providing higher
hardness values in the test specimens bonded with the
fluoride-containing resin Ortho Lite Cure.
The sheer bond strength test results showed
that there was no statistically significant difference between the test specimens bonded with Ortho Lite Cure and Orthobond. These results are in
agreement with the results presented by Pascotto,20
in 2002, in which no alterations were found in the
bond strength of hybrid resins that release fluoride.
Reynolds21 found that the shear bond strength values for adequate bracket bonding must be between
60 and 80 kgF/cm2. With the conversion of the shear
bond strength values for the Orthobond and Ortho Lite Cure resins, the values found in this study
were 9 MPa and 8 Mpa, respectively. These results
show that both resins presented higher shear bond
strength than the values proposed by Reynolds.
The improved quality of the cements available
nowadays and the greater sophistication of the orthodontic arsenal, with regard to the adaptation of accessories, have provided very satisfactory results9.
Nevertheless, the results of this study indicate that a
significant percentage of failures occur at the resin/
bracket interface (55% and 50%, for Groups I and II,
respectively). These data are in agreement with those
reported by some authors, considering that the failures in bonds are observed at the bracket/resin interface, in resin or at the resin/enamel interface, with
tooth fracture rarely being observed.7
The composite/bracket base interface can be
considered the weak link in the bonding system,
due to the greater occurrence of failures at these
sites at clinical situations.7 The interaction between
composite resin and enamel was more efficient.
This is due to the larger area of contact existent between these two surfaces, created by the microporosities left in enamel by phosphoric acid etching.
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The application of a primer before the composite for
bonding enables a more effective bond by the closer
interaction between the composite resin and the
enamel. The composite/bracket interaction is more
fragile, as the strength is obtained by the union of the
resin and the bracket mesh. The smaller contact area
between these surfaces provides a weaker interaction,
so that the majority of fractures are located at the
composite/bracket interface. Nevertheless, fractures
at the bracket/adhesive interface or within the adhesive are favorable, as the bonding material remains
adhered to the tooth, and can be removed with rotary
instruments, preventing damage to the enamel.
Fajen et al,11 in 1990, verified that the bond strength
of glass ionomer cements was significantly lower
than that of composite. The major, clinically proved,
disadvantage of glass ionomer cements is the greater
possibility of brackets debonding during orthodontic
mechanotherapy, which may compromise the conclusion and success of treatment.9 Thus, the higher bond

strength of composite, associated with the beneficial
effects on caries prevention by fluoride release, is an
excellent alternative available to orthodontists for use
as orthodontic bonding material.
CONCLUSION
Based on the methodology used and the results obtained in the present study, it was concluded that:
1. There was no significant difference in the shear
bond strength between the Orthobond and
Ortho Lite Cure resin composites.
2. The test specimens bonded with resin composite
with fluoride Ortho Lite Cure presented higher
microhardness values after the demineralization
and remineralization processes, when compared
with the test specimens bonded with the resin
composite without fluoride Orthobond.
3. There was predominance of failures at the
composite/bracket interface for the two
resin composites.
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