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Abstract

This study was designed to compare shear bond strength durability of two
etching techniques namely conventional etching and self-etching primer techniques,
when using Adhesive pre-coated brackets (APCII). Thirty extracted premolars were
divided into two equal groups (group 1: etched with 37% Phosphoric acid and group
2: bonded with transbond plus self-etching primer), each group was further
subdivided into three subgroups each of them contains five teeth, at different storage
times: 24 hours, 30 days and 3 months. Universal testing machine was used to
measure shear bond strength. T-test revealed that there was no significant difference
in shear bond strength between the two etching techniques at 24 hours and 30 days,
while showed a highly significant difference (P < 0.01) at 3 months. For the three
storage times, self-etching primer showed less adhesive remnant on the teeth than
that of Phosphoric acid etching. It can be concluded that self-etching primer provided
shear bond strength Comparable to that of phosphoric acid, and it has less adhesive
remnant than conventional etching technique.

Keywords: Shear bond strength; Precoated bracket; Acid etching; Adhesive remnant
index.

Introduction

The direct bonding of orthodontic brackets has improved the clinical practice of
orthodontics. The acid-etch technique introduced by Buonocorein 1955 involved
conditioning the enamel surface with phosphoric acid. Conventional adhesive
systems use three different agents in the process of bonding orthodontic bracket to
enamel (an enamel etchant, a primer solution, and an adhesive resin).

The use of acidic or self-etching primer is thought to simplify the clinical handling of
adhesive systems by combining the etching step with the primer application in one
mix. Because the monomers that cause the etching are also responsible for bonding,
the depth of penetration of the monomers to be polymerized is the same as the depth
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of demineralization resulting in a complete hybrid layer, as both the etching and
priming depth are identical (Miller, 2001).

The introduction of adhesive precoated (APC) brackets has offered several
advantages over conventional brackets. Firstly, there is a consistent quality and
quantity of light-cured adhesive on the bracket base since it is applied by the
manufacturer. Secondly, bracket positioning is more consistent due to both the light-
curing method and the consistent quantity of the adhesive. Thirdly, the bonding
procedures are faster since arch wires can be placed immediately. Fourthly, cleaning
up is easier because of minimal amounts of flash; material waste is less with the
elimination of mixing pads, syringes, and other dispensers. Finally, asepsis is
improved since each bracket is packaged separately in blister wrap for light
protection (Cooper et al., 1992).

The introduction of the new APCII adhesive system has facilitated the bonding
procedures, as it is lighter, and less viscous than the original APC adhesive. It is soft
enough to assure accurate placement, yet firm enough to eliminate bracket drift and
excessive flash.

The site of bond failure provides information about the quality of the bond between
the composite and the tooth, and the composite and the bracket base. There are two
main sites namely the bracket base / adhesive interface and the enamel / adhesive
interface. Cohesive failure occurs within the main bulk of the adhesive material.
Ideally, in orthodontics, one would like an adequate bond strength that fails at the
enamel / composite interface, as this would make debonding and subsequent
polishing much easier.

The Aim of this Study Was To

1- Evaluate the durability of the shear bond strength of the new APCII adhesive
system (adhesive precoated brackets) after using two different etching
techniques; conventional etching technique and etching with self-etching
primer.

2- Examine the amount of the adhesive after debonding and its relationship to
the technique of etching.

3- Determine which of the etching techniques gives the optimal bond strength.
Materials and Methods

This study was carried on thirty extracted maxillary premolars collected from
patients seeking for orthodontic treatment in my private clinic.
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The criteria for teeth selection included intact buccal enamel with no caries or cracks
due to the pressure of the extraction forceps and the teeth were not subjected to any
chemical agent affecting the enamel (e.g., hydrogen peroxide, formaldehyde). After
extraction, the teeth were washed, cleaned from debris, and stored in saline solution
until used.

The teeth were divided into two groups according to the etching technique; each
group contained fifteen teeth. All the steps were performed according to the
manufacturer's instructions.

Group I:

The teeth were etched with 37 % phosphoric acid (Transbond XT Etching Gel) (3M
unitek, Monrovia, California, USA) for 15 seconds, washed with a water spray for 15
seconds, and dried with an oil and moisture free air source for 2-3 seconds. The
buccal surfaces appeared chalky white in color. A thin coat of Transbond XT primer
(3M unitek, Monrovia, California, USA) was applied by a brush to the etched area,
thinned with a gentle stream of oil and moisture free air, and light cured for 15
seconds. Upper premolar APCII (adhesive precoated brackets, Gemini, 0.022-inch
slot, Roth prescription, 3M unitek, Monrovia, California, USA) were bonded to the
teeth.

Group II:

Transbond Plus Self-Etching Primer (3M unitek, Monrovia, California, USA) was
used to etch and prime the teeth at the same time. It is supplied in a lollipop-shaped
aluminum foil packet that consists of three separate compartments; one contains
methacrylated phosphoric acid esters, initiators, and stabilizers, whereas the other
contains water, fluoride complex, and stabilizers. The third compartment has a micro
brush applicator to apply the resulting mix into the tooth Figure (1).

Figure (1): Transbond Plus Self- Etching Primer.
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Each group was subdivided into three subgroups A, B, and C, each of them contained
five teeth.

Subgroup A:

The specimens were stored in distilled water for twenty-four hours.

Subgroup B:

The specimens were stored in distilled water for thirty days.

Subgroup C:

The specimens were stored in distilled water for three months.

The distilled water was changed weekly to avoid deterioration (Buyukyilmaz et al.,
2003).

Shear Bond Strength Testing:

Each specimen was clamped in universal testing machine (manufacturer and supplier
in India). A sharpened chisel blade was placed in contact with the incisal aspect of
the bracket. Anocclusogingival load was applied to the bracket producing a shear
force at the bracket / tooth interface using 500-newton load cell with a crosshead
speed of 2mm / minute (Trites et al., 2004). A computer electronically connected to
the testing machine recorded the result of each test. For each specimen, the
debonding force was recorded in newton and divided by the base surface area of the
bracket to obtain the shear bond strength in Mega Pascal (MPa). The base surface
area of the bracket was 10.5 mm2, as reported by the manufacturer Figure (2).

Figure (2): Shear Bond Strength Testing.
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Evaluation of the Residual Adhesive

After bond failure, the bracket base and the enamel surface were examined under
10X magnification. The amount of adhesive remnant on the teeth surface was
assessed with the adhesive remnant index (ARI) as described by (Artun and
Bergland, 1984) as follows:

e Score 0 =no adhesive left on the tooth surface.
e Score 1 = less than half of the adhesive left on the tooth surface.
e Score 2 = more than half of the adhesive left on the tooth surface.

e Score 3 = all the adhesive left on the tooth surface, with a distinct impression
of the bracket base.

Statistical analysis was carried out using SAS program (SAS, 1988). Student t test
(Procedure TTEST of SAS) was run to compare the effect of etching techniques
within each time. Chi-square test (Procedure Freq of SAS) was used to compare the
prevalence of ARI scores between times within each etching technique as well as
between etching techniques within each time.

Results

The results of the study revealed that there was no significant difference in shear
bond strength between the two etching techniques at 24 hours and 30 days, while
showed a highly significant difference (P< 0.01) at three months (phosphoric acid
group was higher than self-etching primer group, 18.27 Mpa., 12.5 Mpa.,
respectively) (Table (1) & Figure (3)).

Concerning ARI scores, the chi-square test showed that, at 24 hours, there was a
significance difference (P< 0.05) in ARI scores between phosphoric acid etching and
self-etching primer.

At 30 days, there was a highly significant difference (P< 0.01) in ARI score between
the two etching techniques. At 3 months, there was a significant difference (P<0.05)
in ARI scores between the two groups.

For the three-storage time, self-etching primer showed less adhesive remnant on the
teeth than that of phosphoric acid etching (Table (2) & Figure (4)).



Journal of Applied Science

Issue (6)

April (2021)

Table (1): Descriptive Statistics and Test of Significance (Student T Test) for the Effect
of Etching on Shear Bond Strength at Different Times.

Etching Technique Phosphoric Acid Self-Etching Primer
Time Mean S.D. Mean S.D. P
24hrs 14.581 +4.945 12.679 +3.128 NS
30days 15.299 +4.407 15.171 +3.431 NS
3months 18.268 +4.597 12.500 +5.332 ok

S.D. = Standard Deviation

NS = Non-Significant (P>0.05).

Shear bond strength (MPa)

P = Probability Level

**= Significant at P<0.01
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Figure (3): Mean Shear Bond Strengths of the Two Etching Techniques at Different

Times.

Table (2): Cross Tabulation and Chi Square Test of Significance for the Effect of
Etching on the Prevalence of ARI Scores at Different Times.

Etching Phosphoric Acid Self-Etching Primer
Score No % No % P
0 1 6.7 4 26.7
1 3 20.0 8 53.3
24hrs 2 4 26.7 0 0.0 *
3 7 46.7 3 20.0
Total 15 100 15 100
0 6 40.0 14 933
1 5 333 1 6.7
30 day 2 0 0.0 0 0.0 wE
3 4 26.7 0 0.0
Total 15 100 15 100
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Figure (4): Prevalence of ARI Scores Using Phosphoric Acid and Self Etching Primer
Techniques at Different Times.

Discussion

Reynolds, (1975) has suggested that shear bond strengths of metal orthodontic
brackets to enamel should range from 6 to 8 MPa for clinically adequate bond
strength. The study showed that all shear bond strengths were above that limit in both
etching techniques, which suggests that self-etching primers can be successfully used
for bonding orthodontic brackets to enamel. These results are in agreement with
(Arnold et al., 2002; Bishara et al., 2002; Bishara et al., 1998; Bishara et al., 2004;
Bishara et al., 2001; Buyukyilmaz et al., 2003; Cal-Neto et al., 2006; and Cal-Neto et
al., 2006). This suggests that adequate shear bond strengths can be achieved with
self-etching primers. Therefore, both etching techniques can give optimal bond
strength.

For phosphoric acid etching, the test showed no significant difference in shear bond
strength between 24 hours and 30 days values. These results agree with (McCourt et
al., 1991), (Nagel, 1975), and (Lippitiz et al., 1998). The obtained data revealed an
increase in shear bond strength from 30 days to 3 months; this is supported by (Trites
et al., 2004). On the other hand, the results contradicted with (Murray and Hobson,
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2003). The results revealed a significant difference in shear bond strength between
24 hours and 3 months. In this study, this increase in shear bond strength from 24
hours to 3 months associated with the use of phosphoric acid etching may be
explained by further polymerization of the deep resin tags of the adhesive material
that is created after infiltration of the resin material into the demineralized surfaces
produced by phosphoric acid etching. This finding is supported by (Cal-Neto and
Miguel, 2006) who concluded that phosphoric acid etching produced deeper etching
pattern and deeper resin tags than that of self-etching primers, which formed more
conservative shallower etching pattern and shorter resin tags.

For Transbond plus Self-Etching Primer, the results of this study showed that the
shear bond strength increased from 24 hours to 30 days and then decreased from 30
days to 3 months, however these changes were not significant in relation to time. The
decrease in shear bond strength in self-etching primer is in agreement with the results
of (Sadr et al., 2006) who reported a significant decrease in shear bond strength of
Clearfil Tri-S Bond (TS) at 4 weeks and significant decrease in shear bond strength
of Clearfil SE Bond (SE) at 16 weeks (4 months).

One of the aims of this study was to evaluate the site of bond failure after debonding
and its relationship to the technique of etching. When phosphoric acid was used for
etching, the results revealed significant difference (p<0.05) in ARI scores between 24
hours and 30 days. At 24 hours, the pattern of bond failure was mostly cohesive and
at the bracket / adhesive interface while at 30 days it was mixed mode of failure.
After 24 hours results agree with (Buyukyilmaz et al., 2003), (Bearn et al., 1995),
(Sfondrini et al., 2002), (Bishara et al., 1997), and (Al Shamsiet et al., 2006). The
results disagree with (Sunna and Rock, 1999).

After 30 days’ results are in agreement with (Cal-Neto et al., 2006). On the other
hand, these findings contradict with (Lalani et al., 2000), (Rix et al., 2001), (Cehreli
et al., 2005), and (Meehan et al., 1999). At 3 months’ results of bond failure disagree
with (Trites et al., 2004). Variation in bond failure mode from the other studies may
be explained by (O'Brien et al., 1988) who have suggested that ARI scores depend on
many factors, which include the bracket base design, adhesive type and the bond
strengths at the separate interfaces.

The obtained data revealed that cohesive bond failed at 24 hours storage when
Transbond Plus Self-Etching Primer was used. (Trites et al.,, 2004) and
(Buyukyilmaz et al., 2003) supported this finding. However, it contradicted with
those of (Romano et al., 2005).

After 30 days’ results showed failure at the enamel / adhesive interface. This finding
agrees with (Cehreli et al., 2005), and (Fox et al., 1994). On the other hand, these
data disagree with (Trites et al., 2004 & Cal-Neto et al., 2006).
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The data obtained after 3 months revealed cohesive bond failure, which agreed with
(Trites et al., 2004) who used the same self-etching primer with Transbond XT
adhesive.

Conclusions

1. Transbond plus Self-etching primer can be successfully used for bonding
orthodontic brackets as it provided shear bond strength comparable to that of
phosphoric acid.

2. The shear bond strength of phosphoric acid increases significantly with time
while that of transbond plus self-etching primer shows no significant change
as time passees.

3. Transbond plus self-etching primer shows less adhesive remnant on the teeth
than the phosphoric acid etching.

Recommendation

Long-term clinical evaluations are still required to confirm the superiority of the
Self-Etch approach for bonding orthodontic brackets.
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