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Evaluation of Different Pretreatment Efficacy with
Fluoride-releasing Material on Shear Bond Strength of
Orthodontic Bracket: An In Vitro Study
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A b s t r ac t
Aim: The aim of this study was to assess the efficacy of different pretreatments with fluoride-releasing material on shear bond strength (SBS)
of orthodontic bracket.
Materials and methods: A total of 60 human mandibular premolars were taken in this study. These samples were stored in periodically changed
distilled water at room temperature so as to stop bacterial growth. All samples were randomized to three pretreatment groups: group I, acid
etching; group II, fluoride varnish; group III, casein phosphopeptide–amorphous calcium phosphate (CPP–ACP) paste. Later, Transbond XT was
applied on brackets made of stainless steel and brackets were centered buccally and then light-cured. The INSTRON universal machine was
used to measure SBS. Based on the values, the adhesive remnant index (ARI) was estimated.
Results: The maximum SBS was seen in group III (18.84 ± 1.04), followed by group II (14.18 ± 0.23), and the minimum bond strength was found in
group I (13.90 ± 1.22). The one-way analysis of variance (ANOVA) showed high statistically significant difference within the pretreatment groups.
The pretreatment group comparisons showed statistically significant difference between group I vs group III and group II vs group III. Score 0
was more in group III [8 (40%)] followed by group II [4 (20%)] and group I [2 (10%)]. The lowest number of score 3 was found in CPP–ACP paste
group. After comparing the ARI scores within the groups, the Chi-square test showed a probability of 0.001 which was statistically significant.
Conclusion: Our study established that the CPP–ACP paste pretreatment improves the SBS of orthodontic bracket significantly followed by
fluoride varnish and acid etching.
Clinical significance: The bond strength of orthodontic brackets that were bonded should be adequate to resist orthodontic forces applied
during treatment. The effect of the adhesive material to improve the adequate bond strength depends on the efficient pretreatment methods.
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I n t r o d u c t i o n
The maintenance of oral hygiene gets compromised during
orthodontic treatment because of the existence of bands, brackets,
coils, arch wires, and springs. Additionally, acid-etching procedure
results in loss (about 5–10 μm) of enamel surface which leads to
permanent demineralization of enamel surface around or beneath
the orthodontic bracket. Also, dental plaque deposits easily in areas
around the bracket base wherever there is extra bonding material.
Altogether, these conditions finally upsurge the possibility of early
caries during orthodontic treatment.1
For successful bonding of brackets, the tooth enamel should
remain strong and healthy; however, the process of dental caries and
erosion commonly causes loss of inorganic/mineral components
of tooth. Dental caries comprises loss of mineral components of
tooth by chemical dissolution due to a fall in pH of dental biofilm.
Dental erosion encompasses loss of mineral components of tooth
by non-bacterial acidic substances which comes in contact with
the tooth structure.2
Use of fluoride (F) as an intraoral preventive or therapeutic
agent has proven to be efficacious and has made a substantial
influence on patient’s health and quality of life time after time. There
have been good results from several trials of fluoride-releasing
materials which display the efficiency of fluoride in controlling the
progress of caries. Fluoride prevents the caries progression either
by stopping demineralization or by initiating remineralization of
enamel/dentin.3
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Ideally, an adhesive agent should possess adequate bond
strength to resist excessive forces that affect the bonding of the
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brackets. Simultaneously, the bonding agent should be able to
avoid demineralization of tooth structure. The ability of systemic and
topical fluorides to prevent the progression of dental caries has led
to the development of various clinical trials to create and sustain low
levels of intraoral free fluoride that aids the cariostatic mechanism.4
During fixed orthodontic treatment, progression of dental
caries can be avoided by the use of adhesive agents that release
fluoride. These fluoride-releasing adhesive cements can adhere
to base metal alloys and are so suggested for the direct bonding
of brackets during orthodontic therapy. 5 Therefore, the current
study was done to assess the different pretreatment efficacy
with fluoride-releasing material on shear bond strength (SBS) of
orthodontic bracket.

M at e r ia l s

a n d  M e t h o d s

The present in vitro study was conducted in the Department of
Orthodontics, Nehru Smaraka Vidya Kendra Sri Venkateshwara
Dental College and Hospital, Bengaluru, India.
The trial comprised totally of 60 human mandibular premolar
teeth that were extracted for reasons related to orthodontic
treatment. Undamaged, healthy, caries-free, teeth with no
restorations, or developmental defects buccally were used. The
samples were kept in distilled water at room temperature. In order
to avoid bacterial growth, the samples were moved to fresh distilled
water on a periodic basis. All the samples were fixed on acrylic block
such that only the coronal portions of the teeth were visible. All 60
samples (20 samples in each group) were randomly dispersed to
three pretreatment groups.

P r e t r e at m e n t  G r o u p s

5 ± 2°C–55 ± 2°C with a storage time of 30 seconds and a transfer
time of 10 seconds.

Evaluation of Shear Bond Strength
The samples were placed in a particular position in the INSTRON
universal machine’s (INSTRON 3365, UK) (Fig. 2) mounting jig so
that the bracket base faced the shear-peel load parallelly. The
teeth were positioned with a stainless-steel wire measuring
0.019 × 0.025 inch to confirm that mounting of all the brackets
was in the similar alignment in relation to the acrylic cylinder. This
technique for mounting warrants uniformity in the debonding
force direction and force application point. A shear debonding
force was applied in a gingivo-occlusal direction to the base of
the bracket at a crosshead speed of 1 mm/minute. The highest
force required to debond or start fracture of the bracket was
measured in Newtons and then changed to megapascals (MPa)
as a ratio of Newtons to surface area of bracket base. Random
examination of debonded samples at a magnification of 40× to
assess the bond failure site.

Evaluation of Adhesive Remnant Index
Post debonding and as per Artun and Bergland,6 the fractured
specimen was examined and ARI was estimated (Fig. 3).
Score 0—no adhesive remaining on the tooth.
Score 1—less than half of the adhesive remaining on the tooth.
Score 2—more than half of the adhesive remaining on the
tooth.
Score 3—all adhesive remaining on the tooth, with a prominent
impression of the bracket mesh.

S tat i s t i c a l  A n a lys i s

Group I: Acid Etching (Control Group)
For the teeth belonging to this group, acid-etching was performed
on the buccal surface for 30 seconds using 35% phosphoric acid
(Ultra Etch, Ultradent Products, Inc.). After etching, the teeth were
rinsed with water spray for 15 seconds and dried by air until the
teeth were desiccated.

Group II: Fluoride Varnish (Bifluorid 12)
The buccal enamel surface was completely cleaned and dried. A
thin layer of Bifluorid 12 varnish was applied using the viva brush.
It was evenly dispersed with an air syringe and after 45 minutes
bonding was done.

Group III: CPP–ACP Paste (GC Tooth Mousse Plus)
A CPP–ACP paste of pea size was applied on the buccal surface of
teeth. According to the instructions of the manufacturer, the paste
was retained up to half an hour prior the bonding procedure.
The guidelines and instructions by the manufacturer were
followed for the bonding procedure. The primer (Transbond™ XT
primer) from 3M Unitek, USA, was applied on the enamel surface
that has been acid-etched. After application of Transbond XT (3M,
Monrovia, CA, USA) on stainless-steel brackets, the bracket was
centered on the buccal surface of the crown and was then lightcured. Every bracket was light-cured for 20 seconds from both
distal and mesial sides. Samples were kept in distilled water for
24 hours at 37°C and then were thermocycled (Fig. 1) to expose
the teeth to the changes in the temperature in the same way
as it occurs in the mouth for 1,000 cycles in distilled water at

A SPSS 20.0 software (Chicago Inc., USA) was used for statistical
analysis. Descriptive statistics (mean, standard deviation, and
significance) of bond strength was estimated for all groups.
Statistical tests such as ANOVA and Chi-square test were carried
out for bond strength and ARI, respectively, to define significant
differences between the groups. A p value of <0.05 was considered
statistically significant.

R e s u lts
Comparison of mean SBS of different pretreatment groups is
shown in Table 1. The maximum SBS was seen in group III (18.84 ±
1.04), followed by group II (14.18 ± 0.23), and the minimum bond
strength was found in group I (13.90 ± 1.22). The ANOVA showed
high statistical difference within the pretreatment groups.
Table 2 shows the comparisons between the different adhesive
materials. A statistically significant difference was seen between
group I vs group III and group II vs group III.
Table 3 shows the ARI scores of the different pretreatment
groups. Score 0 was more in group III [8 (40%)] followed by group
II [4 (20%)] and group I [2 (10%)]. Least number of score 3 was found
in CPP–ACP paste group. Once the ARI scores were compared within
the groups, the Chi-square test showed a statistically significant
probability of 0.001.
The inference of the present study indicates that the CPP–ACP
paste pretreatment improves the SBS of orthodontic bracket
significantly followed by fluoride varnish and acid etching.
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Fig. 1: Thermocycler used in the present study

Fig. 2: Evaluation of shear bond strength using INSTRON universal
testing machine

D i s c u s s i o n
Since the last 20 years, the research related to the strength of the
bond between tooth enamel and orthodontic brackets has been
remarkable. Nevertheless, there are certain unresolved issues
pertaining to the selection of adhesive material by the orthodontist,
owing particularly to the availability of various adhesive materials in
the market. Some of the main concerns are efficiency of the adhesive
agent, safety of the technique, and cost-effectiveness. Deposition
of plaque around the orthodontic appliances is a prime concern as
plaque can initiate dental caries and periodontal diseases.7
Numerous preventive procedures, for example, use of
adhesive agents that release fluoride and the use of protective
agents on the surface of enamel prior to bonding of the brackets
have been proposed to avoid the above-stated problem. 8
Etching of the enamel with acid causes removal of minerals from
the hydroxyapatite crystals of enamel rods and uncovers the
micropores on the enamel, thus permitting the interlocking of
adhesive material and tooth enamel. Therefore, the orthodontic
brackets could withstand the forces of mastication. Topical
application of fluoride and (CPP–ACP) is permit-free ions of
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fluoride, calcium, and phosphate to go into the tooth enamel and
to transform into tougher crystals which consecutively help in
avoiding demineralization and improve remineralization.9 This
process may affect the acid-etching procedure.
According to Serra and Cury,10 the integration of F released
from the adhesive material with tooth enamel lowers the solubility
of enamel in acidic environments. This mechanism is centered on
the ability of F to integrate itself into the hydroxyapatite crystalline
structure of the enamel and dentin leading to the formation of a
mineral phase which is not soluble and resistant to carious process.
We used Transbond XT as an adhesive material. Our results
showed highest SBS (18.84 ± 1.04) with Transbond XT pretreated
with CPP–ACP. Likewise, Rix et al.11 found a 20.19 MPa bond strength
for Transbond XT in dry state which is significantly higher than
the current study value (10.23 ± 2.15 MPa). The chosen teeth were
exposed to a thermocycling technique in two streams of water
whose temperatures were controlled and maintained at 10–55°C
for 1 day post the 30-day incubation period. As per Bishara et al.,12
“the aim of thermocycling was to expose the teeth to the changes
in the temperature in the same way as it occurs in the mouth.” Even
they found a high bond strength of 10.99 ± 3.34 MPa with assure
hydrophilic primer in moist conditions using human saliva. When
compared to our study, this value for hydrophilic primer SBS is
considerably high.
In the present study, the SBS was more in pretreated with
CPP–ACP as compared with the acid-etching technique. Both
Azarpazhooh and Limeback13 and Rehder Neto et al.14 mention
that pretreatment of enamel with CPP–ACP that contains fluoride
(900 ppm) did not compromise the bond strength of the tested
self-etch and etch-and-rinse adhesive systems. Two reasons might
be responsible for these findings: firstly, the sodium fluoride present
in the fluoride-containing CPP–ACP paste could interact with the
ACP component of the casein complex, rendering both inorganic
components ineffective. Indisputably, the investigational nature
of this study restricts the confirmation of this hypothesis, which
requires further exploration. Secondly, the fluoride contained in the
CPP–ACP compound must have been essentially laid on the surface
of the enamel as nanocomplexes but then such pretreatment of
undamaged enamel surface with fluoride may have mild or no
adverse effect on the tested adhesives’ SBS. As a result, enamel
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Figs 3A to D: Adhesive remnant index score: (A) Score 0; (B) Score 1; (C) Score 2; (D) Score 3
Table 1: Comparison of mean shear bond strength of different pretreatment groups
Groups
Group I: acid etching
Group II: Bifluorid 12
Group III: CPP–ACP paste

n
20
20
20

Mean ± standard
deviation
13.90 ± 1.22
14.18 ± 0.23
18.84 ± 1.04

F value
24.134

p value
0.0001

Significance
HS

p < 0.05; HS, highly significant

Table 2: Multiple comparisons of different pretreatment groups using
Tukey’s post hoc test
Group
Group I
Group II
Group III

Compared with
Group II
Group III
Group I
Group III
Group I
Group II

Mean difference
−0.28
−4.94
0.28
−4.66
4.94
4.66

Significance
0.08
0.001
0.08
0.001
0.001
0.001

pretreatment with the tried CPP–ACP complex that contains fluoride
seems to be a harmless preventive (or therapeutic) technique in
relation to bond strength of the brackets gotten with the existing
adhesive systems.
In our study, the use of CPP–ACP and light-cure adhesives
demonstrated comparatively significant superior results than the

control group. Our results were similar to the results obtained by
Kecik et al.15 and Xiaojun et al.16 who showed significant increase in
the bond strength with topical application of CPP–ACP. However,
this finding was unlike the results obtained by Tabrizi and Cakirer17
who presented rise in mean SBS but which was non-significant.
Also, the combination of CPP–ACP and chemical-cure adhesive
systems showed significant decline in the mean SBS compared to
that of the control group.
The present study showed better bonding strength with
pretreatment of Bifluorid 12 varnish than acid etching. Veli et al.18
conducted a trial on 140 newly extracted premolars that were
randomized to seven groups. The control for other groups was
group I. All the left-over groups were exposed to demineralization.
The brackets were bonded directly to the demineralized surface of
enamel in group II. Casein phosphopeptide–amorphous calcium
phosphate paste, microabrasion with a mixture prepared with
18% hydrochloric acid and fine pumice powder, fluoride varnish
(Bifluorid 12), resin infiltrant (Icon®), and microabrasion with an
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Table 3: Assessment of ARI scores of different pretreatment groups
Groups
Group I: acid etching
Group II: Bifluorid 12
Group III: CPP–ACP paste

n
20
20
20

Score 0 (%)
2 (10)
4 (20)
8 (40)

Score 1 (%)
6 (30)
7 (35)
7 (35)

Score 2 (%)
7 (35)
5 (25)
3 (15)

Score 3 (%)
5 (25)
4 (20)
2 (10)

Chi-square (χ2) = 18.82; p = 0.001

agent (Opalustre) were applied. Finally, they established that all
the demineralization methods increase bonding to demineralized
surface of enamel.
It is impossible to replicate all the factors of the oral environment
in in vitro studies and this is the drawback of our study. This warrants
in vivo trials in the future so as to confirm in vitro results and to
establish clinically significant values of bonding between various
adhesive systems.

C o n c lu s i o n
This study found a significant improvement in the SBS of
orthodontic brackets when pretreated with CPP–ACP paste,
followed by use of fluoride varnish and acid etching. The role of
fluoride in improving the crystal growth has been indicated by ARI
scores. The pretreatment with the fluoride-rich materials increases
the surface area for etching.
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