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Abstract
Objective To investigate the effect of enamel deproteinization and air abrasion on shear bond strength (SBS), adhesive
remnant index (ARI) scores, and surface topography when bonding orthodontic brackets to fluorosed enamel.
Materials andmethods The sample included 90 fluorosed and 30 normal premolars divided into four groups: group I (flu-
orosed premolars subjected to air abrasion before acid etching), group II (fluorosed premolars subjected to deproteinization
before acid etching), group III (fluorosed premolars; control for groups I and II), and group IV (normal premolars; control
for group III). Bonding procedures included etching with 37% phosphoric acid, priming with TransbondTM XT primer (3M
Unitek, Monrovia, CA, USA), and application of TransbondTM XT adhesive paste (composite; 3M Unitek, Monrovia, CA,
USA). Air abrasion was done using 50µm aluminum oxide particles under 0.28MPa pressure for 5s with the micro-etcher
held at a distance of 10mm. Deproteinization was done for 60s with 5% sodium hypochlorite (NaOCl).
Results Fluorosed premolars subjected to deproteinization showed the lowest (median= 6.57MPa) SBS among the four
groups, followed by 8.14, 8.90, 8.14MPa for groups I, III, and IV respectively. ARI scores were significantly different
between the four groups (p= 0.006). Fluorosed enamel etched after air abrasion or deproteinization with NaOCl showed
a predominance of type 4 etching pattern with some areas appearing unetched.
Conclusions Shear bond strength of all groups was within the 6–8MPa acceptable range for orthodontic purposes.
Fluorosed premolars subjected to deproteinization showed the lowest values. Further studies are recommended to scrutinize
the deproteinization technique.

Keywords Enamel fluorosis · Enamel deproteinization · Enamel abrasion · Shear bond strength · Surface topography

Auswirkungen von Zahnschmelzfluorose auf die kieferorthopädische Bracketadhäsion
Eine In-vitro-Studie

Zusammenfassung
Zielsetzung Untersucht werden sollte die Auswirkung der Schmelzdeproteinisierung und der Luftabrasion auf die Scher-
haftung (SBS), den Adhäsivrestindex (ARI) und die Oberflächentopographie beim Kleben von kieferorthopädischen
Brackets auf von Fluorose betroffenem Schmelz.
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Materialien undMethoden Die Stichprobe umfasste 90 fluorierte und 30 normale Prämolaren, die in 4 Gruppen eingeteilt
wurden: Gruppe I (Prämolaren mit Fluorose, die vor der Säureätzung einer Luftabrasion unterzogen wurden), Gruppe II
(Prämolaren mit Fluorose, die vor der Säureätzung deproteinisiert wurden), Gruppe III (Prämolaren mit Fluorose; Kontrolle
für die Gruppen I und II) und Gruppe IV (normale Prämolaren; Kontrolle für Gruppe III). Das Bondingverfahren umfasste
die Ätzung mit 37%iger Phosphorsäure, die Grundierung mit TransbondTM XT Primer (3M Unitek, Monrovia, CA, USA)
und die Applikation der TransbondTM XT Adhäsivpaste (Komposit; 3M Unitek, Monrovia, CA, USA). Die Luftabtragung
erfolgte mit 50 µm großen Aluminiumoxidpartikeln unter einem Druck von 0,28 MPa für 5 s, wobei der Micro-Etcher
in einem Abstand von 10 mm gehalten wurde. Die Deproteinisierung wurde während 60 s mit 5% Natriumhypochlorit
(NaOCl) durchgeführt.
Ergebnisse Prämolaren mit Fluorose, die einer Deproteinisierung unterzogen wurden, zeigten den niedrigsten (Medi-
an 6,57 MPa) SBS unter den 4 Gruppen, gefolgt von 8,14, 8,90 und 8,14 MPa für die Gruppen I, III bzw. IV. Die ARI-Scores
waren signifikant unterschiedlich zwischen den 4 Gruppen (p= 0,006). Von einer Fluorose betroffener Schmelz, der nach
Luftabrasion oder Deproteinisierung mit NaOCl geätzt wurde, zeigte überwiegend ein Ätzmuster vom Typ 4, wobei einige
Bereiche ungeätzt erschienen.
Schlussfolgerungen Die Scherhaftung aller Gruppen lag innerhalb des kieferorthopädisch akzeptablen Bereichs von
6-8 MPa. Prämolaren mit einer Fluorose, die einer Deproteinisierung unterzogen wurden, zeigten die niedrigsten Werte.
Es werden weitere Studien empfohlen, um die Deproteinisierungstechnik zu überprüfen.

Schlüsselwörter Schmelzfluorose · Scherhaftfestigkeit · Schmelzabrieb · Schmelzdeproteinisierung ·
Oberflächentopographie

Introduction

Dental fluorosis is a developmental problem resulting from
overdose and chronic ingestion of fluoride during child-
hood [1]. Daily intake of water fluoridated with concentra-
tions greater than 1–2ppm can cause ameloblasts to show
metabolic changes leading to reduced matrix formation and
tooth maturation [2, 3]. Fluorosed enamel is characterized
by a hypermineralized well-calcified outer layer and a hy-
pomineralized porous inner layer [4]. Fluorosis severity
varies, so multiple indices have been developed over the
years to classify fluorosis such as the Dean’s Index [5],
the Thylstrup and Fejerskov Index (TFI) [6], and the Total
Surface Index of Fluorosis (TSIF) [7].

Bonding to enamel is the most commonly used technique
for fixing orthodontic attachments. Investigating shear bond
strength (SBS) of orthodontic brackets to fluorosed enamel.
Some studies found no difference between bond strength to
fluorosed and normal enamel [8, 9], while others found sig-
nificantly lower bond strength to fluorosed enamel [10–13].

Cleaning and polishing followed by phosphoric acid
etching is the routine method for conditioning the enamel
surface before bonding. The hypermineralized surface
of fluorosed enamel has been proved to be difficult to
etch [14]; therefore, some authors investigated prolonged
enamel etching to enhance etching results and increase
bond strength [15, 16]. Several other methods have also
been tried like adhesion promoters [17] and deproteiniza-
tion that was used originally in root canal treatment [18,
19]. The idea was to use a deproteinizing agent such as
sodium hypochlorite (NaOCl) to remove the organic el-

ements of the enamel and the plaque layer adhered to it
[20]. The dark color commonly seen in scanning electron
microscope (SEM) images of enamel has been attributed to
the organic pellicle that was not removed during cleaning
and polishing. Why the organic pellicle is retained after
pumicing enamel is not clear yet, but might reside in the
presence of proteins as part of the crystals forming the nor-
mal enamel [20]. Air abrasion is another method that has
been suggested to increase bond strength to fluorosed teeth.
As air abrasion increases enamel roughness, the enamel
surface area for bonding increases and the mechanical
retention improves [15].

The objectives of the present research study were the fol-
lowing: (1) test the effect of enamel deproteinization and
air abrasion on bond strength and adhesive remnant index
(ARI) scores of orthodontic brackets bonded to fluorosed
enamel and (2) compare surface topography between nor-
mal enamel, fluorosed enamel, enamel treated with NaOCl
or air abrasion during the bonding/debonding process.

The null hypothesis for the present research study was
that different treatments of fluorosed enamel do not affect
the SBS and the ARI scores differently.

Materials andmethods

The study was approved by the Research Ethics Committee
of the institution.
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Sample size

The sample size was calculated by G*Power software ver-
sion 3.1.9.4 (Heinrich-Heine-Universität Düsseldorf, Ger-
many). Based on previous similar studies [15, 21], a to-
tal of 120 premolars (30 premolars in each of the four
groups) would achieve a power higher than 90% to detect
a large effect size difference (f= 0.4) with a significance
level (α) of 0.05. The sample included 90 fluorosed pre-
molars and 30 normal premolars used as a control to the
fluorosed enamel. The premolars were recently extracted
for orthodontic treatment. The selected premolars had buc-
cal surfaces free of any visible enamel cracks or caries.
The fluorosed premolars had a score of 3 or 4 according to
the Tooth Surface Index of Fluorosis (TSIF) [7]. The spe-
cific description of teeth with a TSIF score 3 is that chalky
white fluorosis affects more than half of the visible surface,
whereas in score 4 there is enamel staining in combination
with any of TSIF levels 1, 2, or 3. Staining is a definitive
area of discoloration that may vary from light to very dark
brown [7]. Buccal enamel of the premolars was assessed
visually with the naked eye under normal room illumina-
tion and the judgment was supported by florescence images
(Fig. 1).

Specimen preparation

The fluorosed and normal premolars were collected and
stored in saline at room temperature. After extraction and
before storage, premolars were cleaned from blood or any
tissue debris and disinfected using 0.1% thymol.

A well-established method [22] was used to fix the pre-
molars. Each premolar was fixed by self-curing acrylic resin
in customized blocks employing polypropylene pipes. The
premolars were fixed by embedding the root and the lin-
gual surface in the acrylic resin keeping the buccal surface
uncovered. All bonded specimens were kept in distilled wa-

a b

Fig. 1 Image of a premolar specimen digital image under operating
light (a) and fluorescence image (b); dark areas indicate loss of fluo-
rescence, i.e., enamel fluorosis
Abb. 1 Bild einer Prämolarenprobe, digitales Bild unter Operations-
licht (a) und Fluoreszenzbild (b); dunkle Bereiche zeigen Fluoreszenz-
verlust, d.h. Schmelzfluorose

ter for 7 days before debonding to measure the shear bond
strength.

Brackets

Metal 0.022-inch premolar orthodontic brackets (Ormco,
Glendora, CA, USA) were bonded to the buccal surface of
the premolars. The average surface area of the base of the
bracket was 9.63mm2 [10, 12, 15].

Study design and specimen preparation

The fluorosed premolars were arbitrarily distributed into
three equal groups and the normal premolars were des-
ignated as the fourth group. Accordingly, the following
groups were developed and bonded:

� Group I Fluorosed premolars subjected to air abrasion
before acid etching: the buccal surface was cleaned
and polished with a mixture of water and pumice and
then washed thoroughly with water and dried with com-
pressed air free of wetness and oil. Following cleaning,
the buccal surface was sandblasted using 50µm alu-
minum oxide fragments at 0.28MPa pressure for 5s with
the micro-etcher held at 10mm distance. The bonding
procedures included etching with 37% phosphoric acid
gel (Ivoclar, Vivadent, Schaan, Liechtenstein) for 30s,
priming with TransbondTM XT primer (3M Unitek, Mon-
rovia, CA, USA) and finally application of TransbondTM

XT adhesive paste (3M Unitek, Monrovia, CA, USA)
and light curing for 20s from the mesial and distal with
a Elipar S10 LED light-curing unit (3M ESPE, St. Paul,
MN, USA) for complete polymerization.

� Group II Fluorosed premolars subjected to deproteiniza-
tion before acid etching: the process started with cleaning
and polishing as in group I, then the buccal surface of the
premolars was deproteinized with 5% sodium hypochlo-
rite (NaOCl) using a microbrush to apply it for 60s, then
washing and drying for 10s. Bonding the brackets fol-
lowed the same steps described in group II.

� Group III Fluorosed premolars; control for groups I
and group II: after cleaning and polishing, the fluorosed
enamel was bonded following the same steps used for
bonding the brackets in group I and group II.

� Group IV Normal premolars; control for group III: the
procedure was the same used in group III. All specimens
were preserved in distilled water at 37°C for 1 day and
then thermocycled (SD Mechatronik thermocycler THE-
1100, Feldkirchen-Westerham, Germany) between 5 and
55°C for 500 cycles before shear bond strength testing.
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Shear bond strength testing

A universal testing machine (Instron, Norwood, MA,
USA) was used for shear bond strength (SBS) testing.
The shearing force was applied via a sharp stainless steel
blade attached to the upper part of the testing machine.
The force was applied in occlusogingival direction at
the bracket–tooth interface with a crosshead speed of
1mm/min until failure of bonding. Failure load was con-
verted to megapascal (MPa) by dividing the failure load by
the surface area of the bracket base, (1MPa= 1N/mm2).

Adhesive remnant index (ARI) scores

The adhesive remaining on enamel after debonding the
bracket was assessed at 20× magnification [23] using the
Årtun and Bergland [24] four-point index:

� 0= no adhesive remains on the enamel, i.e., bond failure
happened between the resin and enamel,

� 1= less than 50% of the resin remains on the tooth
surface, i.e., bond failure happened principally at the
resin–enamel interface,

� 2=more than 50% of the resin remains on the tooth
surface, i.e., bond failure happened mostly between the
bracket and resin interface, and

� 3= all resin remains on the tooth surface with a distinc-
tive negative copy of bracket base, i.e., bond failure hap-
pened at the bracket–resin interface.

Table 1 Scheme for the scanning electron microscope (SEM) exami-
nation

Tab. 1 Ablauf der rasterelektronenmikroskopischen (REM) Unter-
suchung

Group (SEM) Examination

Group I
(Fluorosed
premolars
subjected to air
abrasion before
acid etching)

a) Fluorosed enamel

b) Fluorosed enamel after air abrasion

c) Fluorosed enamel after air abrasion and acid
etching

d) Fluorosed enamel after debonding
Group II
(Fluorosed
premolars
subjected to
deproteinization
before acid
etching)

a) Fluorosed enamel

b) Fluorosed enamel after treatment with NaOCl

c) Fluorosed enamel after treatment with NaOCl
and acid etching

d) Fluorosed enamel after debonding

Group III
(Fluorosed
enamel)
(Untreated)

a) Fluorosed enamel

b) Fluorosed enamel after acid etching

c) Fluorosed enamel after debonding
Group IV
(Normal enamel)
(Untreated)

a) Normal enamel

b) Normal enamel after acid etching

c) Normal enamel after debonding

Scanning electronmicroscope examination

Additional specimens were used for scanning electron mi-
croscope (SEM) examination. To prepare the specimens for
the examination, the premolars were fixed on aluminum
plates and sputter-coated with gold to be examined with
SEM (JSM-6510 LV, JEOL, Tokyo, Japan) operated at
an accelerating voltage 30kV. Images were captured at
two magnifications: ×500 and ×1500. The examination
was done for normal and fluorosed enamel after cleaning
and polishing, treatment with air abrasion or NaOCl, acid
etching, and bracket debonding (Table 1, Figs. 2–6). The
etching pattern was assessed according to the 4 etching
types described by Gwinnett [25]:

� Type 1 representing an evident loss of the prism cores
while the peripheries remain relatively intact,

� Type 2 representing an evident loss of the peripheries
while the cores remain intact,

� Type 3 representing only pitting of the enamel surface
layer, and

� Type 4 representing smooth surface layer as both type 3
and type 4 show no clear prism outline.

Statistical analyses

The statistical analyses were done with the SPSS software
(version 25, IBM, Armonk, NY, USA). The Shapiro–Wilk
test showed that data was not normally distributed so quan-
titative data were conveyed as the median and interquartile
range (IQR). The nonparametric Kruskal–Wallis H test was
used to identify significant differences among groups. The
ARI scores were compared using the Χ2 test. The signifi-
cance level was set at P< 0.05.

Results

There was a statistically significant difference (p= 0.002)
in the SBS among the four groups; pairwise comparisons
showed a significantly lower shear bond strength of group II
(fluorosed premolars subjected to deproteinization before
acid etching) than in the other three groups (Table 2).

ARI scores were significantly different among the four
groups (p= 0.006); pairwise comparisons showed that
group III (fluorosed premolars not subjected to any treat-
ment other than acid etching) was significantly different
from group I and group IV specifically in ARI scores 1
and 3 (Table 3).

In the SEM images (×500 and ×1500), normal enamel
appeared regular and considerably smooth (Fig. 2a,b), while
fluorosed enamel appeared pitted and irregular with pores
of different sizes and shapes scattered unevenly throughout
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a b

c d

Fig. 2 Scanning electron microscope (SEM) images of normal enamel (a,b) and fluorosed enamel (c,d) after cleaning and polishing. ×500 and
×1500 magnification, respectively
Abb. 2 Rasterelektronenmikroskopische (REM) Aufnahmen von normalem Schmelz (a,b), Schmelz mit Fluorose (c,d) nach Reinigung und Poli-
tur. Vergr. 500:1 bzw. 1500:1

(Fig. 2c,d). Normal enamel etched with 37% phosphoric
acid showed large areas of type 1 and type 2 etching pat-
terns with the typical histological appearance of enamel
prisms (Fig. 3a,b), while etched fluorosed enamel showed
a blend of type 2 and type 3 etching patterns with some
areas showing type 4 pattern (Fig. 3c,d). After debonding,
normal enamel (Fig. 4a,b) and fluorosed enamel (Fig. 4c,d)
appeared affected by the removal of the remnant composite.
After air abrasion with aluminum oxide, fluorosed enamel
appeared as dull, rough-pitted surface (Fig. 5a,b), whereas
etching after air abrasion resulted in type 4 etching pattern
(Fig. 5c,d). When deproteinized with NaOCl, enamel ap-
peared covered with remnants (Fig. 6a,b), and acid etching
resulted in type 4 etching pattern with some areas appearing
unetched (Fig. 6c,d). Fluorosed enamel in the three groups
included varying degrees of unetched areas. The histolog-

ical appearances of the different etching patterns were de-
scribed in other research papers [26]. The debonded enamel
(Fig. 4; Fig. 5e,f; Fig. 6e,f) showed remnants of compos-
ite on the surface. However, the smoothness of the surface
after cleaning was different among the groups.

Discussion

The present research study shows median SBS among the
groups that could be described as comparable to the bond
strength range recommended for orthodontic purposes;
however, the minimum, maximum, and IQR values show
wide variations (Table 2). It has been suggested that obtain-
ing bond strength values ranging from about 6–8MPa is
sufficient to ensure good clinical performance [27]. While
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Table 2 Shear bond strength (SBS) in MPa
Tab. 2 Scherhaftfestigkeit (SBS) in MPa

Parameter Groups K-
WH test

P-value

Group I
(Fluorosed enamel
treated with air abrasion)
(n= 30)

Group II
(Fluorosed enamel
treated with NaOCl)
(n= 30)

Group III
(Fluorosed enamel)
(Untreated)
(n= 30)

Group IV
(Normal enamel)
(Untreated)
(n= 30)

Median 8.14 6.57 8.90 8.14 15.108 0.002

IQR 6.62–12.36 5.14–8.43 7.43–11.38 6.45–9.31

Minimum–maximum 4.10–24.86 2.86–17.62 5.71–17.62 3.62–16.00

Mean rank 66.93 41.73 75.02 58.32

Pairwise comparisons A B A A, B

Pairwise comparisons are expressed as capital letters; similar letters indicate insignificant difference
K-WH test Kruskal-Wallis H test, IQR interquartile range

Table 3 Frequencies of adhesive remnant index (ARI) scores
Tab. 3 Häufigkeiten der ARI(Adhäsivrestindex)-Scores

ARI score Groups χ2 P
valueGroup I

(Fluorosed enamel treated
with air abrasion)
(n= 30)

Group II
(Fluorosed enamel treated
with NaOCl)
(n= 30)

Group III
(Fluorosed enamel)
(Untreated)
(n= 30)

Group IV
(Normal enamel)
(Untreated)
(n= 30)

0 0 (0%) 2 (6.7%) 2 (6.7%) 0 (0%) 22.587 0.006

A A A A
1 6 (15.8%) 8 (21.1%) 18 (47.4%) 6 (15.8%)

A A, B B A
2 8 (25.8%) 8 (25.8%) 6 (19.4%) 9 (29.0%)

A A A A
3 16 (34.0%) 12 (25.5%) 4 (8.5%) 15 (31.9%)

A A, B B A

Pairwise comparisons are expressed as capital letters; similar letters indicate insignificant difference
χ 2= 22.587; Sig= 0.006
*Significant at p≤ 0.05

very low bond strength would lead to high bracket failures,
very high bond strength is not desirable in orthodontics.
Bond strength is required to be just high enough to with-
stand the intraoral stresses; higher bond values may induce
enamel fracture during bracket debonding and have con-
sequences for the removal of the adhesive remnant at the
end of the orthodontic treatment [28]. It also worth noting
that reporting average values implies evenly distributed
stresses; however, the debonding loading commonly pro-
duces uneven stress distribution and fracture starts at areas
of peak stress [29, 30].

Comparing the groups showed similar bond strength for
fluorosed and normal enamel when enamel was conditioned
with phosphoric acid only without any other treatment.
While these findings are in agreement with some previous
studies [8, 9] that found no significant differences between
SBS values when fluorosed and normal enamel were com-
pared, they disagree with others [10–13, 21] where SBS
to fluorosed enamel was significantly lower than to normal
enamel.

In 2008, Espinosa et al. [20] showed that the use of
5.25% NaOCl for deproteinization before acid etching
eliminated the organic substances from the enamel surface
and thus increased the total etched area that was predom-
inantly of type 1 and type 2 etching pattern. The increase
in the etched area and the improvement in the quality of
the etching pattern should increase bond strength. Sharma
et al. [21] published similar results. Deproteinization with
5.25% NaOCl before acid etching increased bond strength
of brackets to fluorosed enamel and etching patterns of
type 1 and type 2 were predominant. Contrary to Espinosa
et al., Ahuja et al. [31] reported in 2010 similar etching
patterns in the two groups where the etching was done
with 37% phosphoric acid in only one group, while in the
other acid etching was preceded by deproteinization with
5.25% NaOCl. In alignment with these findings, studying
the effect of deproteinization on SBS of composite resin to
the enamel of permanent [32] or to the enamel of primary,
and immature and mature permanent [33] teeth yielded
that deproteinization with 5% NaOCl for enamel surface
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a b

c d

Fig. 3 Scanning electron microscope (SEM) images of normal enamel (a,b) and fluorosed enamel (c,d) after acid etching. ×500 and ×1500,
respectively
Abb. 3 Rasterelektronenmikroskopische (REM) Aufnahmen von normalem Schmelz (a,b) und Schmelz mit Fluorose (c,d) nach Säureätzung.
Vergr. 500:1 bzw. 1500:1

before etching with 37% phosphoric acid did not increase
the bond strength.

In the present research study, group II (fluorosed pre-
molars subjected to deproteinization before acid etching)
showed lower bond strength compared to the other three
groups. Contradictory results of different studies [20, 21,
31, 32] including the current study dictate further research
on the effects of the deproteinization technique if applied in
combination with different materials and on surfaces with
variable morphology and degrees of fluorosis.

Searching for an explanation, previous studies [34, 35]
investigated the pH of dentin surfaces deproteinized with
NaOCl and found significantly higher pH values than the
pH of untreated dentin surfaces even after rinsing with co-
pious amounts of water for enough time. Thus, an alkaline
effect of NaOCl seems to decrease the acidity of the etch-
ing acid. Another factor that could influence the effect of

NaOCl is its high reactivity with the amino acids of the
organic component that it targets. This reaction makes it
highly resistant to washing which might further act on com-
promising the bond strength [36]. Thus, the possible effects
of NaOCl on the pH of the etching acid and also on the
adhesion of the organic components to the enamel during
orthodontic bracket bonding should be investigated further.
The SEM images in the present research study showed that
the enamel after deproteinization with NaOCl was covered
with remnants that may cause the enamel to resist etch-
ing. When etching enamel for bonding orthodontic brackets,
these two factors would compromise the etching effect and
subsequently decrease the bond strength. For the future, to
support/undermine these explanations, it is recommended
to conduct electron diffraction spectroscopy (EDS) analy-
sis for chemical characterization of the enamel surface after
each step of the bonding procedure.
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a b

c d

Fig. 4 Scanning electron microscope (SEM) images of normal enamel (a,b) and fluorosed enamel (c,d) after bracket debonding. ×500 and ×1500,
respectively
Abb. 4 Rasterelektronenmikroskopische (REM) Aufnahmen von normalem Schmelz (a,b) und Schmelz mit Fluorose (c,d) nach Bracket-Debon-
ding. Vergr. 500:1 bzw. 1500:1

The data distribution of the present research study
showed variations implying deproteinization being a sensi-
tive technique that needs further investigation. The sensi-
tivity of the technique may lie in the method of application,
time of application, washing and drying techniques, or even
the material used for deproteinization itself. Different mate-
rials and concentrations have been tried for deproteinizing
[37].

Silva-Benitez et al. [16] found that air abrasion of enamel
followed by acid etching provided adequate bond strength,
but did not improve this in case of moderate fluorosis. The
air abrasion protocol used in the present research study re-
sulted in a bond strength similar to that of normal and fluo-
rosed enamel etched with phosphoric acid only. Suma et al.
[38] found that combining air abrasion with acid etching
created greater SBS than acid etching alone in moderate-

to-severe dental fluorosis regardless of the adhesion system
used. Different reasons might explain the increased bond
strength with the use of air abrasion. When the enamel sur-
face is subjected to air abrasion, it becomes a more rough-
irregular surface which would increase the surface area for
bonding and, thus, improve bond strength. Another likely
effect of air abrasion is the removing of the outer highly
mineralized layer of the fluorosed enamel which is com-
posed of fluorapatite crystals and aprismatic enamel. Re-
moving this acid-resistant layer might improve the result
of the acid etching on the core enamel [39]. The specifi-
cations of an air abrasion protocol such as the size of the
aluminum oxide particles, the level of air pressure, the du-
ration of abrasion, and the distance between the abrasive
device and the enamel surface might be the factors respon-
sible for variations between study results. When comparing
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a b

c d

e f

Fig. 5 Scanning electron microscope (SEM) images of fluorosed enamel after air abrasion (a,b), after air abrasion followed by acid etching (c,d),
and after debonding (e,f). ×500 and ×1500, respectively
Abb. 5 Rasterelektronenmikroskopische (REM) Aufnahmen von Schmelz mit Fluorose nach Luftabrasion (a,b), nach Luftabrasion und anschlie-
ßender Säureätzung (c,d) sowie nach Bracket-Debonding (e,f). Vergr. 500:1 bzw. 1500:1
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a b

c
d

e f

Fig. 6 Scanning electron microscope (SEM) images of fluorosed enamel after treatment with NaOCl (a,b), after treatment with NaOCl followed
by acid etching (c,d), and after debonding (e,f). ×500 and ×1500, respectively
Abb. 6 Rasterelektronenmikroskopische (REM) Aufnahmen von Schmelz mit Fluorose nach Behandlung mit NaOCl (a,b), nach Behandlung mit
NaOCl mit anschließender Säureätzung (c,d) und nach Debonding (e,f). Vergr. 500:1 bzw. 1500:1
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the air abrasion group with the deproteinization group, the
present research study found higher bond strength with air
abrasion than with deproteinization.

The main difference in brackets’ failure site between
groups was seen in the fluorosed enamel group that had
much higher numbers of ARI score 1 and much lower
numbers of ARI score 3 indicating predominance of fail-
ures at the enamel–composite interface. Also, the group
of fluorosed enamel treated with NaOCl was significantly
different from the normal enamel group, and the group
of fluorosed enamel treated with air abrasion presented as
well higher numbers of ARI score 1 and lower numbers of
ARI score 3. Differences in the distribution of ARI scores
among groups do not necessarily reflect differences in bond
strength [40–43] and should thus not influence the interpre-
tation of the results related to bond strength. The interest
in the ARI scores resides in the importance of the step of
cleaning the enamel surface from the adhesive remnant af-
ter bracket debonding. The preferred site of failure whether
at the enamel–resin interface, bracket–adhesive interface,
or within the adhesive is discussed controversially regard-
ing needed chair time for debonding and preservation of
the enamel [28, 44–48]. The bond between composite and
enamel is a mechanical bond formed by the composite in-
filtrating the pores formed by acid etching of the enamel.
Cleaning and polishing are required after debonding to re-
move composite remnants and return the enamel to the orig-
inal state. SEM images from the four groups for enamel
after debonding in the present research study showed al-
tered enamel evident by composite remnant still present
even after the attempts to remove it with a carbide bur.
Previous studies using SEM images to evaluate the enamel
after bracket debonding and removal of the composite rem-
nants reported the presence of composite remnants even
after the use of different methods to clean the enamel [49].

In vitro studies bear limitations. Laboratory simulations
cannot exactly replicate the oral conditions [50]. However,
in vitro studies are the trailblazers for future clinical trials.
Additionally, no study, including the present one, included
the degree of fluorosis as an independent variable. Usually,
teeth with a certain degree of fluorosis that could be mild,
moderate, or severe as indicated by fluorosis scores are
included in a study. The present research study tested only
premolars. Different results could be obtained when testing
teeth of different morphology [51].

Conclusions

� The bond strength of all groups was within the acceptable
range for orthodontic purposes (6–8MPa).

� Treating fluorosed enamel with air abrasion before acid
etching did not increase bond strength.

� Fluorosed premolars subjected to deproteinization
showed the lowest bond strength. Further studies are rec-
ommended to scrutinize the deproteinization technique
using different materials on different surface morpholo-
gies and degrees of fluorosis.
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