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The effects of application time of a self-etching primer and debonding

methods on bracket bond strength

Brandon C. Parrisha; Thomas R. Katonab; Serkis C. Isikbayc; Kelton T. Stewartd; Katherine S. Kulae

ABSTRACT
Objective: To test the manufacturer’s recommendation for the application rubbing time of a self-
etching primer (Transbond Plus, 3M Unitek) and to compare the resulting bond strength of a resin
composite (Transbond XT, 3M Unitek) in the traditional laboratory tension on all four wings with a
simulation of the clinical single-wing lift-off debonding instrument (LODI; 3M Unitek).
Materials and Methods: Flattened stainless-steel maxillary incisor orthodontic brackets (Victory
Series, 3M Unitek) were bonded to 108 flattened bovine incisors. The enamel was rubbed with
the self-etching primer for 0, 5 (the manufacturer’s recommendation), and 10 seconds during a
10-second application. Traditional four-wing and LODI simulated debonding forces and the
adhesive remnant index (ARI) were recorded.
Results: One-way analysis of variance testing among rubbing times and debonding methods
indicated a significant difference in strength with 0 and 5 seconds of rubbing and between
traditional and LODI simulated tension. The bond strengths were higher in the ARI 5 1 subset
compared to the ARI 5 3–5 subsets.
Conclusions: The manufacturer’s recommendation for primer rubbing time produced the highest
bond strength. Less force is required for debonding when tension is applied to one wing (LODI
simulation) vs on all four wings. (Angle Orthod. 2012;82:131–136.)
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INTRODUCTION

Orthodontic self-etching primers (SEPs) are increas-
ingly popular1 because of improved efficiency2 and
reduced technique sensitivity3 and because SEPs might
cause fewer irreversible enamel changes than tradi-

tional etching priming as a result of decreased depths of
penetration.4,5 While these advantages lead many
clinicians to adopt SEPs, bond strengths comparable
to those offered by traditional etching and priming are
critical for clinical use,1,4–21 so the application method of
SEPs warrants further investigation.14

The application technique, a combination of time
and agitation (rubbing), has been studied for Trans-
bond Plus (3M Unitek, Monrovia, Calif), a popular
orthodontic self-etching system.5,22 Ostby et al.22

found that increasing the application time from
3 seconds to 15 seconds did not significantly
increase the shear bond strength. Iijima et al.5 also
found no significant difference in shear bond
strengths for application times of 3, 10, and
30 seconds. However, when tested in tension,
Perdigao et al.23 reported that doubling the manu-
facturer’s suggested conditioning time might in-
crease bond strengths for specific products. There
is little information available concerning the effects of
rubbing time on bond strength and debond mode
(adhesive remnant index, ARI); therefore, the prima-
ry purpose of this study was to evaluate the effect of
varying rubbing times on the tensile debonding
characteristics of Transbond Plus.
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Although a tensile debonding test provides valu-
able information on relative bond strengths, it does
not replicate clinical debonding procedures. Two
common debonding tools are the traditional debond-
ing pliers and the lift-off debonding instrument (LODI)
(Figure 1). The pliers cause more bracket base and
wing distortions than does the LODI.24 Since brack-
ets are often reused in the same patient or
commercially recycled, such deformations are unde-
sirable. The LODI applies the tensile force onto one
wing rather than distributing it among all four wings
like the traditional tensile laboratory debonding test
does. Hence, LODI produces a very different
asymmetric stress distribution within the structures,
with doubled peak stress magnitudes.25 Therefore,
the secondary purpose of this study was to compare
the traditional four-wing tensile test with tension on
one wing of the bracket, a simulation of the clinically
popular LODI. To determine if bracket asymmetry is
a factor,9 there were two LODI groups—one was
debonded using the distal-cervical wing, the other
with the distal-incisal wing.

MATERIALS AND METHODS

Specimens

Bovine incisors, stored for 2–3 months in a 0.1%
thymol solution to control bacterial growth, without
obvious enamel defects, were obtained from the Oral
Health Research Institute at the Indiana University
School of Dentistry (IUSD). Institutional approval is not
needed/obtainable for this type of research. The use of
animal tissues (dead animal parts) is exempt under the
Animal Welfare Act (US Department of Agriculture/
APHIS, Animal and Plant Health Inspection Service).
The IUSD Institutional Animal Care and Use Commit-
tee (IACUC) does not review or approve research
proposals of this type.

After selection, the teeth were rinsed thoroughly and
stored in distilled water for 3–4 months at room
temperature. The teeth were then sectioned at their
cementoenamel junctions. Each crown was partially
embedded in self-curing acrylic resin (Coe tray plastic,
GC America, Alsip, Ill) within a chlorinated polyvinyl
chloride (CPVC) pipe (3/4-inch outside diameter, 5/64-
inch wall thickness, approximately 1.0 inch long; Genova
Products, Rensselaer, Ind) with the facial enamel surface
parallel to, and approximately 1 mm beyond, the cylinder
rim. The exposed enamel surface was initially flattened
with a model trimmer and then smoothed with progres-
sively finer grit (240SiC, 400SiC, and 600SiC) silicon
carbide (SiC) sandpaper on a Leco Vari/Pol machine
(Leco, Saint Joseph, Mich) to provide a uniform bonding
area. Teeth with exposed dentin were discarded.

The curved (10.2-mm2) bases of maxillary incisor
brackets (0.022-inch slot, Victory Series low profile,
stainless-steel, UR central incisor; 3M Unitek) were
flattened by a process in which approximately 200 N
was applied by an MTS Bionix 858 (MTS, Minneapolis,
Minn) testing machine. After flattening, approximately
10% of the brackets were randomly chosen and viewed
at 103 magnification to verify the absence of damage.

Bonding

Prior to bonding, the flattened enamel surfaces were
cleaned for 15 seconds with pumice in a rubber cup
and then rinsed in distilled water. The enamel was
dried with oil- and moisture-free compressed air. The
teeth were randomly allocated to each of the five study
groups, as follows: T0 5 no rubbing of the SEP and
traditional tension; T5 5 5 seconds of rubbing (the
manufacturer’s recommendation) and traditional ten-
sion; T10 5 10 seconds of rubbing and traditional
tension; T5c 5 5 seconds of rubbing and LODI
simulated tension on the distal-cervical wing; and T5i
5 5 seconds of rubbing and LODI simulated tension on
the distal-incisal wing. Accepting a P value of #.05, the

Figure 1. (A) Lift-off debonding instrument (LODI; 3M Unitek,

Monrovia, Calif) (B) pulling on the distal-cervical wing.
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study required 20 specimens per group for 80% power.
Thus, when including 10 spares that were distributed
among the five groups, a total of 110 specimens were
prepared (Table 1).

The SEP was on all enamel bonding surfaces for a
total of 10 seconds, but it was rubbed for 0, 5, or
10 seconds depending on the group. T0, T5, and T10
groups were compared for the effect of application
time, while T5, T5c, and T5i groups were compared for
the effect of debonding method. T5 served as a control
in both comparisons.

The Transbond Plus self-etching primer was applied
to the enamel surfaces of the incisors according to the
groups and then a gentle flow of air for 1–2 seconds
was used to thin and dry the primer.26 Resin composite
adhesive (Transbond XT, 3M Unitek) was applied to
the bracket base and seated on the enamel with a
bonding jig that was designed to align the bracket base
parallel to the tooth surface while maintaining a shim-
controlled uniform (0.15-mm) cement thickness.9,19

Excess resin was removed with an explorer. The
incisal, gingival, mesial, and distal sides were light-
cured (Ortholux XT, Visible Light Curing Unit, 3M
Unitek) for 20 seconds each. The procedures were

carried out in an environmentally controlled room at
23.3uC 6 1.1uC and 54% 6 5% relative humidity. The
completed specimens were then placed in distilled
water for 3–4 weeks prior to debonding.

Debonding

The brackets were debonded on the MTS Bionix
858 testing machine at a crosshead speed of
0.05 mm/s with loops of 50-pound test fishing line
(Spiderwire, Johnson Worldwide Associates, Man-
kato, Minn). For the traditional tension test, one end of
a loop (approximately 80-inch circumference) was
hooked under two wings of the bracket, threaded over
a smooth pin on the actuator, and hooked under the
remaining two bracket wings (Figure 2). This resulted
in the bracket being approximately 20 inches from the
actuator pin. The sliding of the fishing line allowed for
some self-leveling of forces on the wings. For the
LODI simulated debonding, one end of the loop was
hooked under the disto-cervical or disto-incisal wing
and then looped over the actuator pin of the testing
machine and back to the same wing (Figure 3). In all
instances, failure was recorded and reported in
Newtons.

Table 1. Summary Statisticsa

Group ARI No. Mean, N SD, N SE, N Minimum, N Maximum, N

T0 (No rubbing, traditional tension) Combined 21 55.1 13.9 3.0 28.6 88.5

1 19 55.6 14.1 3.2 28.6 88.5

2 None

3 2 51.0 14.8 10.5 40.5 61.5

4 None

5 None

T5 (5 s rubbing, traditional tension) Combined 22 69.1 11.8 2.5 44.9 88.8

1 18 72.2 9.8 2.3 51.7 88.8

2 None

3 4 55.1 10.3 5.2 44.9 65.1

4 None

5 None

T10 (10 s rubbing, traditional tension) Combined 22 63.3 15.7 3.4 17.9 83.4

1 15 69.4 11.1 2.9 47.6 83.4

2 None

3 4 53.8 11.9 6.0 36.8 63.3

4 2 58.6 2.6 1.8 56.8 60.5

5 1 17.9 N/A N/A 17.9 17.9

T5c (5 s rubbing, LODI distal-cervical) Combined 21 32.5 4.4 1.0 23.6 39.2

1 16 34.0 3.6 0.9 27.8 39.2

2 None

3 4 29.1 3.2 1.6 26.2 33.1

4 1 23.6 N/A N/A 23.6 23.6

5 None

T5i (5 s rubbing, LODI distal-incisal) Combined 22 32.5 4.9 1.1 20.2 39.8

1 17 34.3 3.4 0.8 25.9 39.8

2 None

3 3 28.8 4.6 2.6 23.6 32.1

4 None

5 2 23.2 4.2 3.0 20.2 26.2

a ARI indicates adhesive remnant index; SD, standard deviation; SE, standard error; N/A, not applicable; and LODI, lift-off debonding

instrument.
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Adhesive Remnant Index

After debonding, the residual adhesive was assess-
ed and scored according to the modified ARI27 as
follows: 1 5 all of the composite, with an impression of
the bracket base, remains on the tooth; 2 5 more than
90% of the composite remains on the tooth; 3 5 more
than 10% but less than 90% of the composite remains
on the tooth; 4 5 less than 10% of composite remains
on the tooth; and 5 5 no composite remains on the
tooth.

Statistical Methods

The traditional tensile bond strengths were com-
pared at 0, 5, and 10 seconds of rubbing. Comparisons
between debonding methods were conducted at
5 seconds of rubbing. The mean bond strengths were

evaluated using a one-way analysis of variance
(ANOVA) to allow for comparisons between rubbing
times as well as between debonding methods. ANOVA
was also used to compare the ARI scores for differences
in bond strength. Adjusted pairwise comparisons were
made to determine the groups that were significantly
different. P # .05 was considered significant.

RESULTS

Bond strength summary statistics are presented in
Table 1. The variation in time of rubbing of the self-
etching primer had a significant effect on bond strength
overall (P 5 .0064) and only between T5 and T0
(69.1 N vs 55.1 N; P 5 .0016; Figure 4).

The pairwise comparisons of debonding methods
identified significant differences between T5 and T5c
(69.1 N vs 32.5 N; P , .0001) and between T5 and T5i
(69.1 N vs 32.5 N; P , .0001), but not between T5c
and T5i (Figure 4).

The ARI score and bond strength correlated for T5
(P 5 .0050), T10 (P 5 .0040), T5c (P 5 .0049), and
T5i (P 5 .0007) but not for the T0 group (P 5 .67). The
ARI score correlated with the bond strength for all
rubbing time and debonding method groups combined
(P 5 .0060). Bond strength was higher in the ARI 5 1
subset compared to the ARI 5 3–5 subsets (Figure 5).
(There were no ARI 5 2–type failures; Figure 6.)

DISCUSSION

For cement thickness uniformity, brackets are
manufactured with base curvatures to match the facial
contours of specific generic human crowns. Unfortu-
nately, this guarantees a mismatch with the broad,
relatively flat surfaces of bovine teeth, the most widely
used substitutes in orthodontic28–35 and other36–38

Figure 2. Specimen under traditional tension. The flattened bracket

was bonded to a flattened bovine incisor embedded in resin.

Figure 3. Same as Figure 2, but for lift-off debonding instrument

(LODI) simulation.

Figure 4. Mean (and standard error [SE]) tensile bond strengths.
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bonding studies. Our flattened bracket bases and
crowns address this problem, and they also facilitate
specimen alignment and bond thickness control.9,19

The results confirm the manufacturer’s recommen-
dations that Transbond Plus requires 5 seconds of
rubbing during a 10-second application (T5) to produce
the highest bond strengths among the times tested.
The results also indicate that any rubbing increases
the bond strength compared with no rubbing. This is
concordant with the manufacturer’s rationale that
rubbing replenishes the depleted active ingredients of
the Transbond Plus on the surface.39

All groups exhibited a general trend of decreasing
bond strength with increasing ARI score (ie, as less
and less of the cement remained on the tooth;
Figure 5). Thus, within each group, the highest
strengths occurred when all cement remained on the
enamel (ARI 5 1). Focusing on ARI 5 1, there was a
baffling statistical difference between the bond
strengths of specimens that were rubbed (T5 and
T10) and those that were not (T0). (This observation is
based on 65%, 42/65, of all T0, T5, and T10
specimens [Figure 6], represented by the three data
points within the box in Figure 5.) The question then
becomes, why would the tensile strength be depen-
dent on the preparation of the surface that remained
intact?

We can only speculate that the ARI may reflect the
end results of fracture propagation, not initiation. That
is, there may be an initial enamel debond that is limited
to a small area. Although not visually accessible, that
detached region would allow a localized flexure of the
cement layer. In turn, that may lead to concentrated
stresses within the cement and/or at the bracket
interface, ultimately resulting in the catastrophic
failure. Thus, enamel surface preparation may exert
its influence indirectly via that initial non-observed
detachment from enamel. This, of course, requires
further investigation, keeping in mind the complex
stress fields within the structures.40

The secondary purpose of the study was to evaluate
the forces needed to debond brackets using a
simulated LODI. While the traditional laboratory tensile
debonding test applies force to all four wings, in the
LODI simulation, force was applied to one wing. The
mean debonding forces on the disto-cervical and disto-
incisal wings were not statistically different, demon-
strating the irrelevance of this bracket’s asymmetry
in LODI debonding. The need for significantly lower
(approximately half) debonding force verifies the
higher stresses predicted by finite element analysis41

for such off-center loading.

CONCLUSIONS

N This study supports the manufacturer’s recommen-
dations for the application of Transbond Plus.

N LODI simulated tension requires significantly less
debonding force, regardless of which wing is used.
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