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Effect of prophylactic pastes containing active ingredients on the enamel-
bracket bond strength of etch-and-rinse and self-etching systems

Sarah Al-Twaijri*; Grace Viana®; Ana K. Bedran-Russoc

ABSTRACT

Objective: To evaluate the effect of prophylactic pastes containing active ingredients such as
amorphous calcium phosphate (ACP), fluoride, or a combination of both on the enamel-bracket
tensile bond strength.

Materials and Methods: Human molars were randomly divided into four groups (N = 40)
according to the type of prophylactic pastes: control (no active ingredients), paste containing
fluoride, paste containing ACP, and paste containing both fluoride and ACP. After prophylaxis, 20
brackets per group were bonded using an etch-and-rinse bonding technique (37% phosphoric acid
and Ortho solo), and the other remaining 20 brackets were bonded using a self-etch bonding
technique (Clearfil S*Bond). Samples were tested for tensile strength 24 hours after bonding using
a universal testing machine. Data were analyzed using analysis of variance (ANOVA) and
Student’s t-test with significance level at .05.

Results: The mean tensile bond strength varied between 3.043 (ACP) and 9.232 (control) MPa.
The etch-and-rinse bonding technique was significantly affected by pastes containing active
ingredients (P < .001). The self-etching system was not significantly affected by different pastes
(P > .05).

Conclusions: Cleaning enamel surfaces with prophylactic pastes that contain ACP and/or
fluoride, prior to orthodontic bonding, resulted in a statistically significant decrease in the tensile
bond strength of etch-and-rinse bonding technique. (Angle Orthod. 2011;81:788-793.)

KEY WORDS: Enamel; Bond strength; Prophylactic paste; Etch-and-rinse systems; Self-etching

system; Brackets

INTRODUCTION

When Buonocore' introduced the enamel etching
technique to increase retention of pit and fissure
resins, the orthodontic profession evolved from using
bands around teeth to resin-bonded brackets attached
directly onto the enamel surface. This adhesion
strategy involves several steps: (1) dissolution of the
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enamel hydroxyapatite using phosphoric acid to create
microporosity and increase the surface bonding area,
(2) application of a bonding agent composed of resin
and primer, and (3) application of resin composite
cement that adheres to the orthodontic bracket.?

Current bonding agents combine the enamel etching
acid and the bonding agent into one acidic priming
solution to minimize chair time as well as costs to the
clinician and the patient.® The phosphate group on the
methacrylated phosphoric acid ester dissolves the
calcium from the hydroxyapatite and is incorporated
into the network when the primer polymerizes.?
Thorough cleaning with a prophylaxis instrument and
paste is essential to remove not only the plaque and
other surface debris, but also the enamel pellicle that
acts as a barrier preventing resin penetration to the
enamel surface,' resulting in a 50% increase in resin
bond strength.*®

Orthodontic brackets and bands increase the sur-
face area for plaque accumulation and create chal-
lenges for maintaining optimum oral hygiene. White
spot lesions have been shown to appear around and
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underneath these appliances during orthodontic treat-
ment.® Therefore, it has been a goal to minimize the
amount of demineralization seen with orthodontic
therapy, as well as to find a new method for prevention
and remineralization of the enamel surface. Fluoride is
well known and is widely used for caries prevention; its
incorporation into the enamel results in a surface less
soluble in an acid environment.” Fluoride and amor-
phous calcium phosphate (ACP) have been recom-
mended to treat the enamel surface prior to cementing
orthodontic bands or bonding orthodontic brackets.®®
ACP can provide a sustained release of calcium and
phosphate ions,'® which can reverse demineralization
of enamel."*?

Bracket bond failure is a common problem in
orthodontic clinics with reports of 4%—20% of bracket
bond failure rate after 5-year clinical review." Replac-
ing debonded brackets could be time-consuming for
both the practitioner and the patient, adds costs to
treatment, and prolongs treatment time. The effect of
ACP on the shear bond strength has been reported
recently when topically applied and when using ACP-
containing bonding materials.''” With the introduction
of new materials in the market, such as prophylactic
pastes containing ACP and fluoride, it is important to
understand the effect of these products on the bond
strength of orthodontic brackets. The objective of this
study was to test the null hypothesis that prophylactic
pastes containing fluoride and/or ACP do not affect the
enamel-bracket bond strength of two bonding tech-
niques.

MATERIALS AND METHODS
Tensile Bond Strength

The use of 80 extracted human molars has been
classified by the Institutional Review Board of the
University of lllinois at Chicago as research that
does not involve human subjects (2008-0761). The
exclusion criteria included teeth with caries, teeth
that visually appeared to have hypocalcifications or
decalcifications, teeth with restorations, or teeth with
damaged buccal or lingual enamel. The extracted
teeth were kept in 0.1% thymol solution for no
longer than 3 months, the roots were cut and
discarded, and each crown was sagittally sectioned
into buccal and lingual surfaces using a diamond
wafering blade (Isomet 1000, Buehler Ltd, Lake Buff,
M.

One-hundred sixty crown halves, which would
include buccal and lingual surfaces, were mounted
individually in 1 inch X 1 inch X 1 inch cylindrical
acrylic blocks so that the exposed enamel surface is
parallel to the base of the acrylic and facing upwards.
The samples were randomly divided (n = 20)
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according to the four prophylactic pastes and the two
bonding techniques. The enamel surfaces were
cleaned with the following prophylactic pastes from
Premier Dental (Plymouth Meeting, Pa): control—no
active ingredients (Glitter); fluoride (Glitter containing
1.23% ion fluoride); ACP (Enamel Pro); and ACP and
fluoride (Enamel Pro that contains 1.23% fluoride). The
enamel surfaces were cleaned using a low-speed
straight handpiece and plastic prophylactic rubber
cups disposed of after polishing five enamel surfaces.
After cleaning the enamel surface with the designated
prophylactic paste for 20 seconds, surfaces were then
rinsed for 5 seconds to clear the paste from the enamel
surface. A stainless steel, standard edgewise molar
tube with an area of 12.74 mm? mesh base (Ormco,
Glendora, Calif) was bonded to the enamel surfaces
using either a self-etching system (Clearfil S*Bond,
Kuraray America Co, New York, NY) or an etch-and-
rinse system (Ortho solo, Ormco), both used according
to manufacturers’ instructions.

All brackets were bonded to the enamel surface
using Transbond XT composite resin (3M Unitek,
Monrovia, Calif) pushed evenly into the bracket mesh
pad, and a firm pressure was placed to securely seat
the bracket. Excess composite resin was removed
with an explorer. The bracket was cured with an LED
curing light (3M Unitek) for 20 seconds mesially and
for 40 seconds occlusally. The specimens were
stored in distilled water at 37°C for 24 hours prior to
testing.

The tensile bond strength was evaluated using a
universal testing machine (Instron, Norwood, Mass) at
a crosshead speed of 1.0 mm/min. A 14-inch long,
0.016-inch wide stainless steel wire oriented perpen-
dicular to the base was inserted into the bracket tube
and attached to the upper arm of the instrument, while
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Figure 1. Profile plot of estimated marginal means of the conditions
evaluated under tensile bond strength.
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Figure 2. Representative SEM images of the bonded interface (1000 magnification). (A) Control/Ortho solo—the enamel at the interface is
irregular with the adhesive penetrating into the aprismatic layer where resin microtags can be visualized (white arrows). (C: cement; P: prismatic
enamel; AP: aprismatic enamel layer). (B) Fluoride/Ortho solo—the enamel-resin interface is smooth, no resin microtags are present in enamel.
(C) ACP/Ortho solo—the interface is mostly smooth with minimal irregularities. (D) ACP and fluoride/Ortho solo—the bonded interface presents
similar morphology observed for fluoride and ACP groups. (E) Control/Clearfil S®Bond—a smooth enamel-resin interface indicates
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Table 1. Results of the Enamel-Bracket Tensile Bond Strength of Two Bonding Techniques Following Enamel Prophylaxis With Pastes

Containing Active Ingredients’

Tensile Bond Strength (MPa) — Mean (Standard Deviation)

Prophylactic Paste

No Active Ingredient
Bonding Systems (Control)

Fluoride Containing

ACP and Fluoride

ACP Containing Containing

Self-etching system (Clearfil S*Bond) 419 (1.65) a,A
Etch-and-rinse system (Ortho solo) 9.23 (3.23) a,B

3.23 (0.95) a,A
3.09 (1.46) b,A

4.05 (2.13) a,A
3.04 (1.52) b,A

3.72 (1.45) a,A
3.54 (2.06) b,A

© ACP indicates amorphous calcium phosphate.

* Statistical differences among groups (P < .05) are represented by lower and upper case letters. Different lower case letters depict statistical
differences between bonding techniques for each prophylactic paste (each column). Different upper case letters depict statistical differences

between prophylactic pastes for each bonding technique (each row).

the acrylic blocks holding the tooth were attached to
the base.

Tensile bond strengths were calculated dividing the
peak load force by the cross sectional area of the
bracket meshes. Statistical analyses using analysis of
variance (ANOVA) and Student’'s ftests were per-
formed using SPSS 16.0 software (SPSS Inc, Chi-
cago, Ill) at a 95% confidence interval.

Interfacial Micromorphology

The cement-enamel bonded interface was evaluat-
ed using scanning electron microscopy (SEM). Sam-
ples were polished with 600-1200 grit silicon carbide,
etched for 5 seconds with 10% phosphoric acid
solution, rinsed, immersed in 2.5% sodium hypochlo-
rite for 10 seconds, rinsed, dried, mounted on
aluminum stub, allowed to air dry for 24 hours, and
then gold sputter coated (Polaron Equipment Ltd,
Watford, UK). Interfacial surfaces were examined
using S3000N (Hitachi, Tokyo, Japan).

RESULTS

Two-way ANOVA showed a statistically significant
interaction between the prophylactic pastes and the
two orthodontic bonding techniques, (P < .001,
Figure 1). The Student’s t-test analysis for the tensile
bond strength (MPa) between the two bonding
systems showed statistically significant mean differ-
ences (P = .029). A one-way ANOVA of the tensile
bond strength (MPa) among the four types of
prophylactic pastes showed statistically significant
mean differences (P < .001) for the two-step etch-
and-rinse bonding technique. The multiple comparison

Games-Howell was performed and showed statistically
significant mean differences for the control group when
compared with the other three groups (P < .001,
Table 1). There were no statistically significant differ-
ences among the four types of prophylactic pastes
(P < .05) with the self-etching bonding technique.

Representative micrographs of the bonded interface
are depicted in Figure 2. In the control group etch-and-
rinse bonding technique (Ortho solo), the interface
between the cement and the enamel surface is
irregular as a result of the phosphoric acid application,
and resin microtags can be observed. However, the
cement-enamel interface of the treatment groups
(active ingredients) using the same bonding technique
is smoother, with lack of resin microtags, when
compared with the interface of the control group
(Figure 2A-D). The control group using a self-etching
bonding system (Clearfil S®Bond) showed a very
smooth interface, regardless of the prophylactic paste
used prior to bonding (Figure 2E—H).

DISCUSSION

The incorporation of active ingredients to products
used during the orthodontic bracket bonding technique
could alter the bracket bond strength to enamel
depending on the bracket bonding system.'® The
present study shows that prophylactic pastes contain-
ing active ingredients have a detrimental effect on the
enamel-bracket bond strength when using an etch-
and-rinse system. Previous studies have reported
similar results with pit and fissure sealants after using
topical fluorides which have shown decreased enamel
solubility, resulting in decreased bond strength.'2°
Clinically, the etching of enamel creates microporos-

<«

minimum enamel etching pattern provided by the bonding technique. In addition, a uniform adhesive layer (A) is observed due to light curing of
the bonding system prior to cementation. (C: cement; P: prismatic enamel; AP: aprismatic enamel layer; A: adhesive layer). (F) Fluoride/Clearfil
S®Bond—the adhesive interface is very smooth and the adhesive layer appears to be uniform in thickness. (G) ACP/Clearfil S*Bond—the
adhesive interface is very smooth and resembles the control group. (H) ACP and fluoride/Clearfil S°Bond—similar morphology of that observed

for control, fluoride, and ACP groups.
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ities within the enamel and reduces surface tension
that allows the resin to penetrate and polymerize within
the etched enamel rods.?" Teeth with higher concen-
tration of fluoride are more resistant to acid etching
than normal teeth due to the formation of fluorapatite in
the structure of the enamel surface, and topical
fluoride application adversely affects etching treat-
ment.?' In addition, fluoride results in the formation of
reaction products. The reaction products such as Casg
(POy4)sF and CaF, are formed after sodium fluoride
(NaF) treatment, and SnsPO4F5 and CaF, are formed
after stannous fluoride (SnF,) treatment. These
products partly or completely fill the interprismatic
space and result in a smaller bonding area as well.?
Therefore, the decrease in tensile bond strength for
the fluoride prophylactic paste group is most likely due
to decreased enamel solubility after the incorporation
of the fluoride ions onto the enamel surface. The
smooth cement-enamel interface observed in the SEM
may indicate reduced retention and mechanical
interlocking (Figure 2B).

Prophylactic paste containing ACP resulted in lower
bond strength when using the etch-and-rinse bonding
technique as well. ACP has been added to many
dental products and has been shown in vitro to be
effective as treatment of early caries lesions®® and as
an adjunct for children with challenged oral hygiene
habits®* The products work by providing calcium and
phosphate ions, which are essential in the formation of
hydroxyapatite, and in the presence of fluoride,
hydroxy-fluorapatite. Contrary to our findings, signifi-
cant increased shear bond strength was reported after
application of casein phosphopeptide (CPP)-ACP.™
The conflicting results may be explained by (1) the use
of human teeth since bovine enamel presents larger
crystal grains and more lattice defects,® which may
affect the interaction with active ingredients; (2)
evaluation of specimens immediately as opposed to
6 weeks following bonding™; and (3) tensile forces as
opposed to shear forces. While tensile and shear
testing are acceptable methods of evaluation, Powers
et al.?® have indicated that pure shear is difficult to
achieve since it incorporates elements of torsion and
tension. We believe the lower tensile bond strength
measurement observed with the enamel surfaces
treated with the ACP prophylactic pastes is also due
to the increased enamel resistance to the acid-etching
process. The same can be extrapolated when using
the prophylactic paste that contains ACP and fluoride;
combining fluoride ions with amorphous calcium
phosphate resulted in similar, low tensile bond strength
as compared with the groups that received only ACP
or only fluoride. The smooth cement-enamel interface
seen in the SEM images obtained from the surfaces
that were treated with prophylactic pastes containing
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ACP or ACP and fluoride supports the tensile bond
strength findings (Figure 2C,D,G,H).

The results have demonstrated no statistically
significant differences between the different pastes
when using a self-etching adhesive. Previous studies
observed significantly lower enamel-bracket shear
bond strength of four different self-etching adhesive
groups when compared with a total etch system.?” The
etching pattern of self-etching systems is shallow,
which could be due to a poorer penetration of the
primer into enamel porosities or the result of interfer-
ence from calcium precipitates on the enamel surface,
which limits further dissolution of the apatite and
therefore limits the depth of demineralization.?® Bond-
ing the enamel surface with Clearfil S°Bond resulted in
a similar cement-enamel interface appearance wheth-
er the prophylactic pastes contained active ingredients
or not (Figure 2). The mechanism of adhesion of
Clearfil S°Bond to enamel is based on the presence of
10-methacryloxydecyl dehydrogenate phosphate (10-
MDP) monomer.?® This functional phosphate monomer
chemically adheres to hydroxyapatite, and this adhe-
sion is reported to be very stable®; thus, the system
may not rely as much on the etching pattern for
mechanical interlocking, but rather on the chemical
adhesion to hydroxyapatite. The presence of fluoride,
ACP, or both on the enamel surface would affect the
etch-and-rinse bond technique that depends on the
enamel roughness for adhesion; however, these
products did not affect the possible chemical interac-
tion of the Clearfil S®Bond to the enamel surface.
There are no instructions on bracket cementation for
Clearfil S®Bond. Therefore, restorative instructions
were followed and may have affected the bond
strength values, but most likely have not affected the
differences between prophylactic pastes. Clearfil
S®Bond may have limited clinical use in orthodontics
due to the low bond strength, regardless of the
prophylactic pastes.

Therefore, use of prophylactic pastes that contain
active ingredients such as fluoride and ACP may not
be used prior to the bonding process when using Ortho
solo. The use of such products that are targeted
towards the remineralizing and strengthening of the
enamel surface are encouraged to be used only after
the bonding process is complete. The null hypothesis
was rejected.

CONCLUSIONS

« Cleaning enamel surfaces with prophylactic pastes
containing ACP and/or fluoride prior to orthodontic
bonding decreases the enamel-bracket tensile bond
strength of an etch-and-rinse bonding system (Ortho
solo).
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« A self-etching bonding system (Clearfil S*Bond) was
not affected by the presence of the active ingredients
present in the prophylactic pastes.
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