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Effect of Self-Etching Primers on Bond Strength—
Are They Reliable?

Tamer Buyukyilmaz, DDS, MSD?; Serdar Usumez, DDS, PhDP; Ali Ihya Karaman, DDS, PhDe¢

Abstract: Currently introduced self-etching primers combine conditioning and priming agents into a single
product. The purpose of this study was to determine the effects of using three self-etching primers on the shear
bond strength (SBS) of orthodontic brackets and on the bracket/adhesive failure mode. Brackets were bonded
to extracted human teeth according to one of four protocols. In the control group, teeth were etched with 37%
phosphoric acid. In the experimental groups, the enamel was conditioned with three different self-etching
primers, Clearfil SE Bond (CSE), Etch & Prime 3.0 (EP3), or Transbond Plus (TBP), as suggested by the
manufacturer. The brackets were then bonded with Transbond XT in al groups. The present in vitro findings
indicate that conditioning with TBP before bonding orthodontic brackets to the ename surface resulted in a
significantly (P = .001) higher SBS (mean, 16.0 + 4.5 MPa) than that found in CSE, EP3, and the control
(acid-etched [AE]) groups. CSE produced bond strength values (mean 11.5 = 3.3 MPa) that are datisticaly
comparable to those produced by acid etching (mean 13.1 = 3.1 MPa). The use of EP3 for enamel conditioning
resulted in the lowest mean SBS vaue (mean 9.9 = 4.0 MPa). A comparison of the adhesive remnant index
scores indicated that there was more residual adhesive remaining on the teeth that were treated with conventional
acid etching than in the CSE and EP3 groups. In the TBP group, the failure sites were similar to those of the

AE group but different from those of the CSE group. (Angle Orthod 2003;73:64-70.)
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INTRODUCTION

Many researchers have studied adhesion to enamel.* Al-
though different modalities have been tested,>* at present,
phosphoric acid etching seems to be the most frequently
used method of enamel surface preparation. One of the po-
tential disadvantages of etching with phosphoric acid isthat
the acid causes demineralization of the most superficial lay-
er.>® To control excessive enamel loss, maleic and poly-
acrylic acids have been used as alternatives for phosphoric
acid. The use of polyacrylic acid has been found to result
in a reduction in bond strength.s-*

A unique characterigtic of some new bonding systems in
operative dentistry is that they combine conditioning and
priming agents into a single acidic primer solution for smul-
taneous use on both enamel and dentin.*2** Combining con-
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ditioning and priming into a single treatment step results in
improvement in both time and cost-effectivenessfor clinicians
as wdl as for patients. In a sdlf-etching primer, the active
ingredient is a methacrylated phosphoric acid ester. The phos-
phoric acid and the methacrylate group are combined into a
molecule that etches and primes at the same time. The phos-
phate group on the methacrylated phosphoric acid ester dis-
solves the cacium and removes it from the hydroxyapatite.
But rather than being rinsed away, the calcium forms a com-
plex with the phosphate group and gets incorporated into the
network when the primer polymerizes. Agitating the primer
on the tooth surface serves to ensure that fresh primer istrans-
ported to the enamel surface. Etching and monomer penetra:
tion to the exposed enamel rods are smultaneous. In thisman-
ner, the depth of the etch is identical to that of the primer
penetration. Three mechanisms act to stop the etching process.
Firg, the acid groups attached to the etching monomer are
neutralized in asimilar way, as is phosphoric acid, by forming
a complex with the calcium from the hydroxyapatite. Second,
as the solvent is driven from the primer during the airburst
step, the viscodity rises, dowing the transport of acid groups
to the enamel interface. Finally, as the primer is light cured
and the primer monomers are polymerized, trangport of acid
groups to the interface is stopped.**

These new systems were also found to be effective when
bonding the brackets to the enamel. In recent laboratory
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TABLE 1. Principle Ingredients of the Three Self-Etching Primers as Provided by the Manufacturers

Groups Tested Primera/Catalystee

Bondz/Universal e

Water

Methacrylated phosphoric acid esters
Phosphine oxide

Stabilizer

Fluoride complex

Parabenes

Transbond Plus

Clearfil SE Bond?
2-Hydroxyethyl methacrylate (HEMA)
Hydrophylic dimethacrylate
Camphorquinone
N,N-Diethanol-p-toluidine

Water

Etch & Prime 3.0¢% Pyro-phosphate
HEMA
Initiators

°
°
°
® Stabilizers

10-Methacryloyloxydecyl dihydrogen phosphate (MDP)

e MDP

® Bis-phenol A diglycidylmethacrylate (Bis-GMA)
e HEMA

e Hydrophobic dimethacrylate
® Camphorquinone

® N,N-Diethanol-p-toluidine
e Silanated colloidal silica
e HEMA

e Ethanol
® Distilled water
® Stabilizer

2 Also known as Clearfil Mega Bond in Japan.

studies on acidic primers by Bishara et al,*>*" two different
acidic primers for restorative dentistry and/or adhesives for
restorative dentistry and orthodontics were tested. The re-
sults indicated that both self-etching primer systems result-
ed in significantly reduced bond strength values. It was sug-
gested that more research was needed to determine whether
currently available orthodontic adhesive systems could be
used with an acidic primer.:

Recently, a new acidic primer (Transbond Plus, 3M Un-
itek, Monrovia, Calif) to be used for orthodontic purposes
was introduced. The purpose of this study was to determine
the efficacy of three different self-etching primers on the
shear bond strength (SBS) of orthodontic brackets and the
bracket/adhesive failure mode in comparison with conven-
tional 37% phosphoric acid etching.

MATERIALS AND METHODS

Eighty noncarious human maxillary and mandibular pre-
molars, extracted for orthodontic purposes, were used in
this study. Teeth with hypoplastic areas, cracks, or gross
irregularities of the enamel structure were excluded from
the study. The teeth were stored in distilled water after ex-
traction. The water was changed weekly to avoid bacterial
growth. The sample was randomly divided into four groups
of 20 each. Each tooth was mounted vertically in a self-
cure acrylic so that the crown was exposed. The bucca
enamel surfaces of the teeth were pumiced, washed, and
dried before surface preparation.

Enamel surfaces were prepared, and the brackets were
bonded to the teeth according to one of the following pro-
tocols:

Acid-etched group as the control

In the acid-etched (AE) group, 20 teeth were etched with
37% phosphoric acid gel (Email Preparator, Vivadent,

Liechtenstein) for 30 seconds. The teeth were thoroughly
washed and dried. Liquid primer of the Transbond XT was
applied with a brush tip before bracket bonding.

Clearfil SE Bond group

Clearfil SE Bond (CSE) is a light-cured bonding system
that consists of a self-etching primer and a bonding agent.
The primer offers simultaneous treatment of both dentine
and enamel. In the CSE group, CSE group primer was ap-
plied for 20 seconds and dried with mild airflow. Then the
bonding agent was applied, subjected to gentle airflow, and
light cured for 10 seconds.

Etch & Prime 3.0 group

Etch & Prime 3.0 (EP3) is a light-cured, self-etching,
acetone-free, two-component enamel and dentine adhesive
materia and is available in 6 mL of each of EP3 Universal
and EP3 Catalyst. In the EP3 group, the enamel surface
was air-dried. One drop each of Universal and Catalyst
were mixed thoroughly in a dish. A generous quantity of
primer was applied onto the enamel with a disposable brush
and was alowed to act for 30 seconds. Excessive solvent
was removed with air for five seconds, and the primer was
cured for 10 seconds.

Transbond Plus group

The orthodontic self-etch primer Transbond Plus (TBP)
is predosed so that it is used for single applications. For
activation, the two components, ie, acid and the primer,
were squeezed together, and the resulting mix was applied
directly onto the tooth surface. The area to be etched was
rubbed with the solvent for three seconds and was gently
air-dried for two seconds. Table 1 describes the principle
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TABLE 2. Descriptive Statistics and the Results of the Duncan’s
Multiple Range Test Comparing the Shear Bond Strengths (in MPa)
of the Four Groups Tested

Duncan
Groups Tested Na Mean SDer Range Teste
Transbond Plus 20 16.0 45 8.8-23.5 A
Acid 20 131 3.1 8.2-20.4 B
SE Bond 20 115 3.3 8.0-19.6 BC
Etch & Prime 3.0 20 9.9 4.0 4.5-19.2 C

aN, Sample size.

® SD, Standard deviation.

° Groups with different letters are significantly different from each
other.

1000

a: EP3 - - 7’ ’
- b: CSE -~ /
g c: AE s y
¢ 800714 TP 7
3 ’ S
z / /
‘o‘ s
g =0 a/b . ¢ '{i
: /7,5 s
2 Ry /
o 2
400 / ; 7
] ,’ /
20,0 / . /
. /' J
/ e Stress
/'/'7 (MPa)
00

1 5 9 13 17 pal 2

FIGURE 1. Probability of failure of different conditioning methods at
particular shear stress values.

ingredients of the self-etching primers as supplied by the
manufacturers.

Bracket bonding

Eighty stainless steel premolar brackets (GAC Interna-
tional Inc., Central Idlip, NY) with a base surface area of
12.6 mm? were used for this study. After surface prepara-
tion, the brackets were bonded on premolars with Trans-
bond XT (3M Unitek), and any excess resin was removed
with an explorer before the resin was polymerized. A con-
ventional halogen light source (Ortholux XT, 3M Dental
Products, St Paul, Minn) was used for curing for 20 seconds
from each of mesial and distal sides. The total time required
for preparing and bonding a single tooth in the groups AE,
CSE, EP3, and TBP was 100, 70, 85, and 45 seconds, re-
spectively. After complete sample preparation, al samples
were kept in distilled water at 37°C for 24 hours for short-
term storage.’®

Before debonding, the embedded specimens were se-
cured in a jig attached to the base plate of a universal test-
ing machine (Model 500, Testometric, Lancashire, UK). A
chisel-edge plunger was mounted in the movable crosshead
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TABLE 3. Frequency Distribution of the ARI Scores of the Four
Groups Tested?

ARI Scores® Multiple Comparison
Groups
Tested® 1 2 3 4 5 N¢ CSE AE TBP
EP3 — 1 4 5 10 20 ki ok
CSE — 13 2 3 2 20 ok bl
AE 17 2 — 1 — 20 ok
TBP 15 3 2 — — 20 ns

ax? = 84.999; P < .05.

® AE indicates acid etched; ARI, adhesive remnant index; CSE,
Clearfil SE Bond; EP3, Etch & Prime 3.0; ns, not significant; TBP,
Transbond Plus.

¢ ARI Scores: 1 indicates all of the composite, with an impression
of the bracket base, remained on the tooth; 2, more than 90% of the
composite remained; 3, more than 10% but less than 90% of the
composite remained on the tooth; 4, less than 10% of composite
remained on the tooth surface; 5, no composite remained on the
enamel.

4 N: Sample size.

*» p < 01.

*x P < 001.

of the testing machine and was positioned so that the lead-
ing edge aimed at the enamel-adhesive interface before be-
ing brought into contact at a crosshead speed of 0.5 mm/
min. The force required to dislodge the brackets was mea-
sured in Newtons (N), and the SBS (1 MPa = 1 N/mm?)
was then calculated by dividing the force values by the
bracket base area (12.6 mnv).

After being debonded, the teeth and brackets were ex-
amined under 10X magnification. Any adhesive that re-
mained after bracket removal was assessed and scored ac-
cording to the modified adhesive remnant index (ARI).%°

Scanning electron microscopic examination

For scanning electron microscopic (SEM) evauation,
premolars with brackets bonded after acid etching and TBP
application were used. Two premolars from each group
were sectioned longitudinally between the bracket wingsto
examine the differences in cured resin-etched enamel and
cured resin-hybridized enamel in cross section. To evaluate
the resin tag formation, half of these bracketed specimens
were kept in 37% phosphoric acid solution until the tooth
structure was totally dissolved to reveal the resin tags. For
further investigation of the TBP effect on enamel, addition-
al samples treated with TBP only were prepared by crack-
ing the premolars longitudinally. The samples were dehy-
drated in ascending grades of alcohol, sputter-coated with
200-nm gold-palladium, and examined under a Jeol JSM
5200 (Tokyo, Japan) scanning electron microscope operated
at 20-25 kV.

Statistical analysis

Descriptive statistics that included the mean, standard de-
viation, and minimum and maximum values were calcul at-
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FIGURE 2. TBP-treated enamel in cross section and the outer surface of TBP layer on enamel. Magnification, 2000 X.

ed for each of the four test groups. A one-way analysis of
variance (ANOVA) was used to determine whether signif-
icant differences were present in the bond strengths among
the four groups. When a statistically significant difference
was present, a Duncan’s multiple range test was used to
identify which of the groups were different. The chi-square
test was also used to determine significant differences in
the ARI scores among the groups. Multiple comparisons of
ARI scores were also performed. Significance for all stetis-
tical tests was predetermined at a probability value of .05
or less.

RESULTS
SBS comparisons

The descriptive statistics for the SBSs of the four groups
tested are presented in Table 2. As can be seen from the
table, the highest bond strength values were produced by
the TBP group, followed by the AE, CSE, and EP3 groups.
The ANOVA and Duncan’s multiple range test revealed
that TBP (16.0 + 4.5 MPa), when compared with the other
conditioning methods, yielded significantly higher bond
strength values. CSE (11.5 = 3.3 MPa) produced bond
strength values that are statistically comparable to those of
acid etching (13.1 £ 3.1 MPa). The use of EP3 for enamel
conditioning resulted in the lowest mean SBS value (9.9 +
4.0 MPa). The surviva graphs (Figure 1) indicate that half

of the brackets remain bonded at 18 MPain the TBP group,
at 14 MPa in the control group, at 11 MPa in the SEB
group, and at 8 MPain the EP3 group. The survival curves
of the last three groups are almost parallel to each other,
which indicates a uniform decrease in the survival of brack-
ets with increasing stresses. On the other hand, in the TBP
group, the curve is less steep, and this indicates a lower
correlation of bond failure with the increasing shear stress
values.

ARI comparisons

The results of the chi-square comparisons indicated that
there were significant differences between the four groups
tested (Table 3) (P = .001). There was a greater frequency
of ARI scores of 1 with the TBP and AE groups, which
indicated that failures were mainly in the adhesive-bracket
interface. Differences in ARI scores were not statistically
different between the TBP and AE groups. In the CSE
group, the failures were mostly cohesive within the resin
(ARI score = 2, 3, and 4). Scores of the CSE group were
statistically different from that of the AE and TBP groups.
In the EP3 group, there was a higher frequency of ARI
scores of 4 and 5, which indicated that less residual adhe-
sive remained on the enamel than on the bracket base after
debonding. The ARI scores of the EP3 group were statis-
tically different from those of the other three groups.

Angle Orthodontist, Vol 73, No 1, 2003
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FIGURE 3. SEM view of the adhesive under the bracket base after complete removal of the AE enamel. Note the exact replica of the honeycomb

appearance of phosphoric acid—etched enamel. Magnification, 1500X.

SEM examination

There were no distinct features in the enamel-resin in-
terface to differentiate between the SEM micrographs of
the cross-sections of the AE and TBP-treated enamels. Fig-
ure 2 shows a cross section from a TBP-treated enamel
surface in which the outer enamel surface and TBP layer
was not sectioned with the saw but was cracked. An irreg-
ular but smooth hybrid layer, 3—4 wm in thickness, covers
the enamel prisms. Figures 3 and 4 show the adhesive under
the bracket base after dissolution of the tooth structure in
acid to reveal and compare the resin tag formation in the
AE and TBP-treated enamels, respectively.

In the AE samples (Figure 3), a distinct honeycombed
structure with micro- and macrotag formations is present.
In the TBP-treated samples (Figure 4), an irregular tag for-
mation with no apparent indentations of enamel prism or
core material is present.

DISCUSSION

The present study evaluated the SBS values produced by
three self-etching primers and compared them with those
produced by the conventional acid-etching technique. The
lowest SBS values were recorded in the two self-etching
primer groups (CSE and EP3) designed to be used for re-

Angle Orthodontist, Vol 73, No 1, 2003

storative purposes. The CSE bonding system has a pH val-
ue of 2.0 and is comparatively less acidic than EP3 and
TBR, which have pH values of 0.75 and 1.0, respectively.
The efficacy of self-etching primers on unground enamel,
however, does not depend upon their etching aggressive-
ness.? Even with the existing differences in the composi-
tion of the three self-etching primers, it is very difficult to
find a correlation between the monomer structure and the
bond strength.®

The low bond strength values produced by the aggressive
self-etchant EP3 in our study were in accordance with the
findings of Toledano et a.*® Contradictory to our results,
on the other hand, Pashley and Tay,*® comparing the acid-
etching, CSE, and Prompt-L-Pop (PLP; restorative version
of TBP) groups, found significantly lower microtensile
bond strength values with the self-etching primers than with
acid etching. But when the self-etching primers were rinsed
and replaced with the control resin, the bond strengths in
the PLP group were no longer significantly different from
those produced by 32% phosphoric acid etching. In the
same study, similar to our results, an aggressive etching
effect and a thick hybrid layer formation after PLP appli-
cation were reported.

Bishara et a*> discussed the selective compatibility of
early acidic primers with different adhesives and mentioned
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FIGURE 4. SEM view of the adhesive under the bracket base after complete removal of the TBP-treated enamel. Magnification, 1500 X.

the need for acidic primers manufactured for orthodontic
purposes. TBR as the only orthodontic acidic primer in the
market today, was superior to the other three conditioning
methods both in terms of SBS and the time required for
application.

It was interesting to observe that the average bond
strength in the TBP group was significantly higher than that
of the conventional AE technique. Self-etching primer pro-
duces a highly porous surface on aprismatic enamel. The
etching effect approaches that of phosphoric acid despite
the absence of additional gross retentive structures that are
produced by differential dissolution of the underlying
enamel prisms. One important advantage to simultaneous
etching and priming is that the primer penetrates the entire
depth of the etch, ensuring an excellent mechanical inter-
lock.

SEM examination of the impressions of the AE (Figure
3) and TBP-treated (Figure 4) enamels showed different
surface characteristics. Despite the lack of tag formation,
high bond strengths obtained with TBP and the fact that
more adhesive remained on enamel after debonding (AR
scores = 1 and 2) implicate the presence of different mech-
anisms that constitute adhesion. Conversely, several other
investigators have concluded that there is no correlation be-

tween the bond strength and the tag length and that the
adhesive strength of the resin to enamel is mainly attrib-
utable to the resin’s ability to penetrate between the enamel
crystallites and rods.???

Bishara et al*® reported on tag formation but their results
differed from the current study’s observations. Using CSE,
they found weaker bonds and lesser residual adhesive on
enamel after debonding in the acidic primer group than in
the phosphoric acid group. According to the authors,*® the
thin and less uniform resin tags observed in the SEM pho-
tographs of acidic primer—treated enamel were conducive
to poor adhesion. Because the acidic primer and the adhe-
sives investigated are different, comparison of their obser-
vations with the current one is difficult.

In a recent study, Bishara et al*” evaluated the use of a
newly developed restorative acidic primer (PLP) for bracket
bonding. The findings indicated that the use of a self-etch
primer produced lower but clinically acceptable SBS val-
ues. The low bond-strengths may partly be explained with
the different application time of PLP In the restorative ver-
sion, the manufacturer recommends 15-seconds application
times to remove the smear layer on dentin, whereas three
seconds are sufficient for enamel to bond orthodontic at-
tachments. Like the present study, this was an in vitro

Angle Orthodontist, Vol 73, No 1, 2003
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study, and one must exercise care in applying the findings
in clinical situations.

CLINICAL CONSIDERATIONS
AND CONCLUSIONS

After our encouraging laboratory findings and having in
mind all the shortcomings of an in vitro setting, we have
bonded 218 attachments (brackets and tubes) on 12 patients
since June 2001. To date only four attachments have failed
(three mandibular second molars and one lower incisor).

The intermediate steps such as acid etch for 30—60 sec-
onds, wash thoroughly, dry, and then prime are no longer
necessary with self-etching primers. TBP is packaged for
single-patient use to avoid contamination, is fast to apply,
and is cost effective when used for full bonding.

For optimal bonding, we recommend the following pro-
cedure;

* Dry the tooth surface.

» Apply TBP. Rub it thoroughly for at least three seconds,
and aways wet the surface with new solution to ensure
monomer penetration. The presence of water in the chem-
ical composition of TBP may necessitate air-drying, but
as the operator moves from one side to the other, the
solvent evaporates and drying is no longer necessary.

» Bond the bracket with Transbond XT.

At the moment, we do not have enough data on the com-
patibility of TBP with orthodontic adhesives other than
light-cured Transbond. But within the limitations of our lab-
oratory and clinical findings, it is clear that the hybrid layer
produced after TBP application on enamel is capable of
bonding strongly to enamel surfaces and by no means re-
duces the bond strength of orthodontic brackets.

Self-etching primers are effective, but only future long-
term clinical studies will prove their clinical reliability.
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