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In vitro evaluation of self-etch bonding in orthodontics using cyclic fatigue

Part I, Shear testing methods

Ameerah Yousef Mansoura; James L. Drummondb; Carla A. Evansc; Zuhair Bakhshd

ABSTRACT
Objective: To evaluate the bond strength of a self-etch bonding system using static loading and
cyclic fatigue with shear testing. This is a two-part evaluation; the first part will evaluate shear
testing, the second part tensile testing.
Materials and Methods: Bovine teeth (n 5 82) were randomly distributed to either a self-etch
(Transbond Plus) or total-etch (37% phosphoric-acid + Transbond XT) group. The static shear
(SSBS) and cyclic shear (CSBS) bond strengths were measured 24 hours after the bonding of
mesh-based brackets. The adhesive remnant index (ARI) and failure sites were evaluated.
Results: The mean SSBS was 34.25 6 9.21 and 24.64 6 9.42 MPa for the total- and self-etch
groups, respectively. CSBS was 24.07 6 0.65 MPa and 18.92 6 1.08 MPa for the total- and self-
etch groups, respectively. Cyclic loading produced lower bond strengths compared to static testing
for both adhesives; the difference was only statistically significant for the total-etch system.
Comparison of the two materials showed a statistically significant difference between the two
techniques. The total-etch had higher bond strengths than the self-etch bonding system. The
samples showed a predominance of ARI scored of 2 and 1, and their bonding failure sites were
cohesive within the composite.
Conclusion: Cyclic loading, simulating occlusal forces, reduces the bond strength of both bonding
systems. Even though the self-etch bonding system had lower shear bond strength than the total-
etch system, both were still clinically acceptable. (Angle Orthod. 2011;81:783–787.)
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INTRODUCTION

Bonding of brackets, eliminating the need for bands,
became a routine clinical procedure in the 1980s.
Buonocore1 introduced the acid-etch technique in

1955, and in 1964 a direct-bonding technique was
developed for bonding orthodontic brackets.2

Today, orthodontists commonly use the acid-etch
technique when attaching brackets to the enamel
surface. The most frequently used acid-etching agent
for enamel surface preparation is phosphoric acid.
Phosphoric acid etching requires rinsing and drying
after application of the etching reagent. This technique
is called the etch and rinse or total-etch technique.
Even though it is still used widely, it has some
disadvantages: it has been described as technique
sensitive due to the need for proper moisture control,3

it has been reported that moisture in etched enamel
may disturb resin penetration and thus reduce adhe-
sion,4 it has been implicated in enamel decalcification
in some cases,3 and some studies have reported
mechanical damage to enamel during debonding after
acid etching.5–7

Recently, there has been some interest in using self-
etch bonding, a bonding system that could etch, prime,
and bond in one step. It no longer requires an etch and
rinse phase, which reduces both clinical application time
and the risk of making errors during application and
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manipulation. Another important advantage of self-etch
bonding is that the self-etching process and the enamel
infiltration by the adhesive occur simultaneously. The
self-etch bonding produces an etching pattern similar to
phosphoric acid6,8–10 but causes no enamel fractures in
the tooth surface after debonding procedures.11

Although self-etch bonding has handling character-
istics that may make it superior to the conventional
total-etch approach, studies have shown that the
bracket bond strength of resin cements using phos-
phoric acid etching is greater than that of self-etch
bonding. However, several studies have shown that
the self-etch bonding provides acceptable bond
strength.9,11 All these studies evaluated the orthodontic
bond strength of self-etch bonding using static shear
forces, but there have not been any studies using
cyclic shear forces (cyclic fatigue).

In an in vivo situation, bonding systems are more
likely to be challenged by repeated applications of
stresses that are below the maximum stress that these
systems could withstand. Therefore, fatigue test
results would provide more accurate predictions of
the in vivo performance of orthodontic bonding
systems.12 The present study, therefore, will be
undertaken to investigate the hypothesis that there is
no statistically significant difference between the mean
bond strength of the self-etch bonding and total-etch
bonding systems used in bonding orthodontic brack-
ets, when subjected to both static and cyclic fatigue
loading using shear testing methods.

MATERIALS AND METHODS

Extracted bovine lower incisors (n 5 82) selected for
this study were without caries, obvious defects, or
attrition. The roots of the teeth were removed, and the
teeth were stored in distilled water until bonding.
Studies have concluded that the adhesive strength to
enamel showed no statistical difference between
bovine and human teeth, although the mean values
were always slightly lower for bovine teeth.13,14

For the experiment, the teeth were embedded in auto-
polymerized acrylic resin (Vitacryllic; Fricke Dental
Manufacturing Co, Villa Park, IL) in a rubber mold
(25 mm in diameter 3 20 mm deep) such that the flat
surface of the enamel was parallel to the base of the
acrylic mold. The surfaces were polished with medium grit
pumice for 5 seconds (Great Lakes Orthodontics Co, Ltd,
Tonawanda, NY) and washed with water. The mounted
teeth were then randomly divided into two groups.

Enamel Preparation

The enamel surface was prepared, and the brackets
were bonded to the teeth according to the protocols
described in the following sections.

Total-Etch Group

In the total-etch group, 41 teeth were etched with a
37% phosphoric acid gel for 20 seconds. The teeth
were thoroughly washed with water for 15 seconds and
gently dried for 2–5 seconds with an air source free of
oil and moisture. A thin layer of the liquid unfilled resin
of the Transbond XT (3M Unitek Orthodontic Products,
Monrovia, Calif) was applied with a brush tip before
bracket bonding and then dried for 2–5 seconds.

Self-Etch Group

The orthodontic one-step self-etch bonding solution
Transbond Plus (TBP; 3M Unitek Orthodontic Prod-
ucts) was used in the bonding of orthodontic brackets
for 41 samples. The TBP is predosed for single
applications to avoid the problem of evaporization
and possible contamination. For activation of the TBP,
the first compartment was squeezed and then folded,
followed by squeezing the second compartment into
the third one. The resulting mix was applied directly
onto the tooth surface. The area to be etched was
rubbed with the solvent for 3 seconds and was gently
air dried for 2–5seconds.

Bracket Bonding

Eighty-two stainless-steel upper right central incisor
brackets (Victory series; 3M Unitek Orthodontic Prod-
ucts) with a base surface area of 12.6 mm2 were used
for this study. Following the surface preparation, the
brackets were bonded on the bovine incisors with
Transbond XT light cured composite (3M Unitek
Orthodontic Products), and any excess resin was
removed with an explorer before the polymerization of
the resin. The resin was cured for 10 seconds from the
mesial and distal sides using a light-emitting diode light
source (Ortholux LED; 3M Unitek Orthodontic Prod-
ucts). After completing the sample preparation, all
samples were stored in distilled water at 37uC for
24 hours.

Testing Procedures

Bond strength of prepared samples was tested using
a universal material testing system (Instron 1125;
Canton, Mass). Measurements were performed at
24 hours after cure.

The Static Shear Testing

The prepared samples, 16 in each group, were
mounted in a guillotine jig and evaluated at a
crosshead speed of 2 mm/min according to testing
procedures used by Drummond et al.15 This jig permits
the force to be directed parallel to the enamel surface
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at the adhesive-enamel interface. The bond strengths
(MPa) were determined by dividing the surface area of
the bracket (mm2) into the fracture load (N).

The Cyclic Fatigue Testing

The cyclic fatigue testing was also performed at a
crosshead speed of 2 mm/min using an up-and-down
method according to the compressive fatigue method
used by Draughn.16 The initial load was approximately
60% of the mean static testing results of each group,
and the test was run for 1000 cycles or until bond
failure. If any bracket survived the 1000 cycles, then
the load was raised by a fixed amount of 20 Newton
(N) for the next tested sample. On the other hand, if
the bracket did not survive, ie, the bond failed at some
point during the 1000 cycles, the load was lowered
also by the same fixed amount of 20 N for the next
sample. This procedure—raising the maximum load by
20 N following a test where the orthodontic bond has
not failed and lowering the load by the same fixed
amount following a bond failure—was continued for
each following sample until all 25 samples in each
group were evaluated.

This ‘‘up and down’’ method provides a good
measure of the mean fatigue limit and allows calcula-
tion of the standard deviation of that mean. For
accurate data analysis, a minimum of fifteen samples
is required to perform the up and down test to evaluate
the fatigue strength.16 In the present study, the number
of each sample group was 25. According to the
procedure addressed by Draughn,16 the data analysis
was based on the event that occurred (bond failures,
no bond failures) with the least frequency. These data
were arranged in ascending manner, starting with the
lowest strength and ending with the highest. The mean
fatigue strength, x, and its standard deviation, s, are
calculated by the standard formulae.

Adhesive Remnant Index Scoring

Adhesive Remnant Index (ARI) scores were record-
ed for each sample that was a failure. The ARI scoring
scale is as follows: 0 5 all composite resin remains on
the bracket base, 1 5 less than 50% composite
remaining on the enamel, 2 5 greater than 50%
composite remains on the enamel, 3 5 all composite
remains on the enamel. The most desired situation is a
high ARI, when all composite remains on the enamel
surface; the likelihood of enamel fracture on debonding
decreases when ARI scores are consistently high.

Statistical Analysis

The static shear bond strength (SSBS) data were
analyzed using a t-test to determine the difference

between the two different etching groups. SPSS for
Windows (LEAD Technologies Inc, Chicago, Ill) was
used for the analysis. The cyclic shear bond strength
(CSBS) data were analyzed according to the design by
Draughn.16 Student’s t-test was used to determine
significance between the cyclic subgroups and be-
tween static and cyclic groups. A Kruskal-Wallis test
was used in conjunction with a Mann-Whitney test to
compare the differences in the ARI scores.

RESULTS

Bond Strength Results

The SSBS and CSBS were measured. Mean bond
strengths and standard deviations for all groups are
shown in Table 1.

Cyclic Fatigue Resistance

A significant difference (P , .001) was found
between the mean cyclic shear bond strength of the
total- and self-etch bonding systems. Mean CSBS for
the total-etch was 24.07 6 0.65 MPa, whereas that of
the self-etch was 18.92 6 1.08 MPa. These values
were approximately 70.6% and 76.8% of their mean
SSBS, respectively. However, t-tests only revealed a
significant difference between the CSBS and SSBS for
the total-etch group (P , .05).

Adhesive Remnant Index

The raw ARI scores of shear tests for each group
are reported in Table 2. The Mann- Whitney nonpara-
metric test showed that there were no significant
differences among the groups. From this data, all
tested samples showed a predominance of ARI 5 2
and ARI 5 1.

DISCUSSION

The initial aim of this study was to compare the
mean SSBS and mean CSBS of a self-etch bonding
system to those of the total-etch one. The analyzed
data and the results will be discussed in respect to
three important aspects: cyclic fatigue resistance,

Table 1. Mean Shear Bond Strengths and Standard Deviations for

the Test and Control Groupsa

Testing Method

Material Mean 6 SD, MPa

Total-Etch Self-Etch P Value

SSBS 34.25 6 9.21 24.64 6 9.42 ,.001

CSBS 24.86 6 0.65 18.92 6 1.08 ,.001

Significance .05** .05**

a SD indicates standard deviation; SSBS, static shear bond

strength; CSBS, cyclic shear bond strength.

** indicates significance at a 5 .05.
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clinical acceptability, and the ARI and enamel fracture
potential.

Cyclic Fatigue Resistance

The effects of simulated occlusal forces on the bond
strength are the most relevant part of this study. The
fatigue resistance of both the total-etch and self-etch
bonding system was compared to that of the static
counterpart. When comparing the means between the
static and cyclic groups, the mean CSBS of the total-
etch was 24.07 MPa and that of the self-etch was
18.92 MPa, which were approximately 70.6% and
76.8% of their mean SSBS, respectively. This clearly
indicates that cyclic fatigue tests produce results that
are much lower than their static counterpart. Drum-
mond et al.17,18 reported even lower ratios when
comparing cyclic to static loading. They reported ratios
of 51% for their tests of primed composite resin
adhesion and 60% for compressive strengths of
porcelain bars. Therefore, it would seem to indicate
that both the total-etch and self-etch systems have
good fatigue resistance. Clinically this may be very
important, since intraoral forces are of a repetitive
nature, and materials that perform well under fatiguing
conditions should do better in such an environment.

Clinical Acceptability

The bond strength needed for bracket bonding is
relatively low compared to the bond strength needed
for bonding dental restorations to enamel or dentin. It
has been reported that shear bond strengths of 17–
20 MPa are required for optimal enamel or dentin
bonding and retention of dental restorations.19 On the
other hand, shear bond strengths of 6–8 MPa are
reported to be adequate to withstand the forces
generated by orthodontic wires while also allowing for
the removal of brackets without causing damage to the
enamel at the end of the treatment during the
debonding procedure.20 It has also been reported that
the minimum bond strength needed by a stainless
steel bracket to be clinically acceptable is 2.86 MPa.21,22

The two bonding systems were compared to each
other to evaluate the differences in the static and cyclic
shear bond strengths. The self-etching group had a
trend toward having lower bond strengths. Katona and

Long23 found that the bond strength with the self-etch
system was significantly (P 5 .029) stronger than with
the total-etch system. However, this study was
performed using a different protocol, including storage
and loading methods.

The mean SSBS of the self-etch (24.64 6 9.21) was
significantly lower than that of the total-etch bonding
system (34.25 6 9.42). This is somewhat controversial
as Buyukyilmaz et al.24 reported that conditioning with
TBP before bonding orthodontic brackets to the
enamel surface resulted in a significantly (P # .001)
higher SSBS (mean 16.0 6 4.5 MPa) than that found
in the total-etch group (mean 13.1 6 3.1 MPa). In
2003, Dorminey et al.25 found no difference between
total-etch (11.3 6 2.2 MPa) and the self-etch bonding
(11.9 6 3.2 MPa). Arnold et al.26 also showed no
significant difference between a total-etch system and
the TBP self-etching system. Although the mean shear
bond strength of self-etch in this study is significantly
lower than that of total-etch, it is still higher than what
has been reported in all previously mentioned studies.

Therefore, the hypothesis stating that the self-etch
system will show similar SSBS in vitro when compared
to the traditional total-etch system is not valid in this
study. Statistically, the self-etch had lower mean shear
bond strength than that of the total-etch system.
Nevertheless, both of these values were within a
clinically acceptable range.

The ARI and Enamel Fracture Potential

In the literature, it has been stated that it is desirable
to have resin remnants on the tooth surface after
bracket debonding to prevent enamel crazing or
fracturing.20 Adhesive removal after debonding from
teeth surfaces can be a difficult and time-consuming
process that may cause enamel damage. The optimal
adhesive should exhibit bond strengths strong enough
to withstand orthodontic forces and the masticatory
forces but provide easy removal after treatment
without causing enamel damage.

From the results, it is evident that all samples
performed without enamel fracture, and there were no
significant differences between the bond failure sites of
the total-etch and those of the self-etch bonding
system. The sites of bond failure were mainly within
the composite. Also, if fatigue testing shows a mean
decrease in bond strength, then one can infer that the
actual debonding force needed to remove orthodontic
brackets after treatment will be less than what static
bond strength tests report, because static tests are
done without simulating the oral environment condi-
tions previous to debonding. The ARI score results
indicate that enamel fracture was not a problem during
both static and cyclic shear testing method.

Table 2. Frequency Distribution of ARI Scores for the Test and

Control Groupsa

Group

Static Shear Test Cyclic Shear Test

0 1 2 3 0 1 2 3

Total-etch 4 7 3 2 1 3 11 0

Self-etch 3 6 6 1 2 5 3 2

a ARI indicates Adhesive Remnant Index.
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Future research is still needed in testing the self-
etch bonding systems. Bond strengths obtained
immediately (within 30 minutes) following the bonding
procedure would probably be more representative of
what is done clinically.

CONCLUSIONS

N The results indicate that cyclic loading, simulating
occlusal forces, have a significant impact on the
bond strength of the self-etch bonding system. Cyclic
fatigue tests produce results that are much lower
than their static counterpart.

N The self-etch bonding technique has lower shear
bond strength values than those of the total-etch, but
they are still clinically acceptable.
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