Oral Science International 10 (2013) 49-52

g

View metadata, citation and similar papers at core.ac.uk brought to you by .. CORE

provided by Elsevier - Publisher Connector
Oral Science International

journal homepage: www.elsevier.com/locate/osi

Original Article

Effect of water contamination on the shear bond strength of
self-ligating brackets

Maria Francesca Sfondrini, Danilo Fraticelli, Serena Di Corato, Andrea Scribante *, Paola Gandini

Department of Orthodontics University of Pavia, Italy

ARTICLE INFO ABSTRACT
Article history: Purpose: The aim of the present study is to evaluate the effect of water contamination on the shear bond
Received 26 May 2012 strength (SBS) and adhesive remnant index (ARI) score of self-ligating brackets.

Received in revised form 27 June 2012

Materials and methods: One conventional bracket and three different self-ligating brackets were bonded
Accepted 4 July 2012

onto 160 bovine permanent mandibular incisors, divided randomly into 8 groups. For each type of bracket,
20 samples were bonded on dry enamel and 20 after water contamination. After 24 h, all specimens were
tested for SBS using an Instron Universal Testing Machine, and ARI scores were evaluated.

Results: All groups showed clinically adequate SBSs. Quick brackets bonded onto dry enamel showed
significantly higher SBSs than all other groups tested, whereas the lowest shear strength values were
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Brackets recorded for Step, Quick, and Damon 3MX brackets bonded onto contaminated enamel and for Damon
Contamination 3MX onto dry enamel. Frequency distribution of ARI Scores showed a prevalence of ARI “2” and “3” for
Water all the groups tested.

Conclusions: Water contamination reduces the SBS of self-ligating brackets, but significant differences
have been found only for Quick brackets. All groups showed a significant higher frequency of ARI Score
of “2” and “3”.

© 2012 Japanese Stomatological Society. Published by Elsevier Ltd. All rights reserved.

1. Introduction enamel surface has been etched and after primer has been applied
[7]. In the first case, enamel loses the typical chalky-white aspect
showing the presence of the moisture and giving the possibility to
dry. On the contrary when contamination occurs after primer appli-
cation, the shiny-aspect of light-cured material can camouflage the
presence of the moisture and the operator often cannot maintain a
dry surface [8].

Self-ligating brackets have gained popularity in recent years,
because of their advantages in reducing friction and more speedy
chairside manipulation, associated with less subjective discomfort
[9]. In fact the advantages of self-ligating brackets in reduction in
the bracket-wire friction have become contentious, therefore the
only certain advantage over conventional brackets has been found
to be related to chairtime reduction [9]. Bracket bases of these
devices are different from conventional bracket bases and have
been tested for shear bond strength (SBS) on dry enamel [10,11].
To date, there are no studies that have compared the shear bond
strength of different self-ligating brackets after water contamina-
tion.

Therefore, the purpose of this study was to evaluate the effects
of water contamination on shear bond strength and on the adhe-
sive remnant index (ARI) scores of different self-ligating brackets.
S o o L The null hypothesis of the study was that there is no significant dif-
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When orthodontic brackets are bonded to the teeth, three differ-
entagents arerequired: acid etchant, primer, and adhesive resin[1].
Through hydrophobic properties of resin bonding systems, tooth
enamel must remain dry after acid etching [2]. Various clinical
conditions do not permit ideal isolation of the site, so the pres-
ence of moisture is often possible when bonding in the oral cavity.
Surface contamination has been considered as the most common
reason for bond failure [3], particularly when orthodontic appli-
ances are bonded in hard-to reach places [4]. Contamination causes
the plugging of porosities produced by acid etching and a reduc-
tion in surface energy. In this way, resin penetration is impaired
and micromechanical retention is compromised [5]. Under clinical
conditions, contamination may be produced through the presence
of saliva, gingival exudation, or bleeding, or through the presence
of water when teeth are washed [6].

When brackets are bonded to enamel, two critical moments
have been identified at which contamination may occur: after the
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Table 1
- Bonding procedure of the different groups tested.

Groups Bonding procedure

1 etching washing drying adhesive - bonding bracket Step Light curing
2 etching washing drying adhesive water application bonding bracket Step Light curing
3 etching washing drying adhesive - bonding bracket Smart Clip Light curing
4 etching washing drying adhesive water application bonding bracket Smart Clip Light curing
5 etching washing drying adhesive - bonding bracket Quick Light curing
6 etching washing drying adhesive water application bonding bracket Quick Light curing
7 etching washing drying adhesive - bonding bracket Damon 3MX Light curing
8 etching washing drying adhesive water application bonding bracket Damon 3MX Light curing

2. Materials and methods
2.1. Specimen preparation

A total 160 freshly extracted permanent bovine mandibular
incisors were collected from a local slaughterhouse and stored in
a solution of 0.1% (w/v) thymol. The criteria for tooth selection
included intact buccal enamel with no cracks caused by the extrac-
tion forceps and no caries. The teeth were randomly assigned to
8 groups. Each group consisted of 20 specimens. The teeth were
cleansed of soft tissue and embedded in cold curing, fast-setting
acrylic (Leocryl, Leone, Sesto Fiorentino, Italy) and placed in metal
rings. Each tooth was oriented so that its labial surface would be
parallel to the force during the shear bond test.

2.2. Bracket bonding

One conventional stainless steel bracket (Step, Leone) and
three different stainless steel self-ligating brackets (Smart Clip,
3M Unitek, Monrovia, CA, USA; Quick, Forestadent, Pforzheim,
Germany; Damon 3MX, Ormco, Glendora, CA, USA) for maxillary
central incisor were tested.

Before bonding, the facial surface of each incisor was cleansed
with a mixture of water and fluoride-free pumice with rubber pol-
ishing cup on a low-speed handpiece for 10s. The enamel surface
was rinsed with water to remove any pumice or debris and dried
with an oil-free air stream.

Two different enamel surface conditions were evaluated: dry
and after soaking with water after priming. As shown in Table 1,
the teeth were etched with 37% phosphoric acid gel (Phosphoric
Etchant Syringes; 3M Unitek) for 30 s, followed by washing and dry-
ing. A thin layer of primer (Transbond XT, 3M Unitek) was applied
to the etched enamel, air-dried, and polymerized for 20 s with a vis-
ible light-curing unit (Otholux XT, 3M Unitek). The teeth in groups
2,4,6,and 8 were moistened with a thin layer of water after primer
polymerization with a microbrush onto the labial surface until they
were totally contaminated.

All the brackets were then positioned on the teeth near the cen-
tre of the facial surface with sufficient pressure to express excess
adhesive, which was removed from the margins of the bracket base
with a scaler before polymerization. The brackets were then light

cured for 10s on the mesial side and 10s on the distal one (total
cure time 205s).

2.3. Shear bond strength testing

After bonding all samples were stored in distilled water at room
temperature for 48 h and then tested in shear mode on a Universal
Testing Machine (Model 3343, Instron Industrial Products, Grove
City, PA, USA). For shear testing, the specimens were secured in
the lower jaw of the machine so that the bracket base of the sam-
ple paralleled the direction of the shear force. The specimens were
stressed in an occlusogingival direction with a crosshead speed of
1 mm/min, according to previous studies [11,12]. The maximum
load necessary to debond or initiate bracket fracture was recorded
in Newton and then converted into MegaPascal (MPa) as a ratio of
Newton to surface area of the bracket.

2.4. Adhesive remnant index score evaluation

After bond failure, the bracket bases and the enamel surface
were examined by the same operator to assess the amount of adhe-
sive left on the enamel surface and to determine the ARI. This scale
ranges from “0” to “3” (Fig. 1). A score of “0” indicates no adhesive
remaining on the tooth, “1” less than half of the adhesive remaining
on the tooth, “2” more than half of the adhesive remaining on the
tooth, and “3” all adhesive remaining on the tooth with a distinct
impression of the bracket mesh. The ARI scores were used as a more
complex method of defining bond failure site between the enamel,
the adhesive, and the bracket base [13].

2.5. Statistical analysis

Statistical analysis was performed with the Stata 7 Program
(Stata Corp, College Station, TX, USA). After power calculation,
descriptive statistics, including the mean, standard deviation,
median and minimum values, were calculated for all groups. Nor-
mality of distributions was assessed with Kolmogorov-Smirnov
test. Analysis of variance (ANOVA) was then applied to determine
whether significant difference in debond strength values existed
among the various groups. The Tukey-Kramer’s test was used for
post hoc comparisons. The chi-square test was used to determine

Fig. 1. Mean and SD (N) of shear bond strengths of the different groups tested.
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Table 2

Descriptive statistics (MPa) of shear bond strengths of the different groups.
Group Bracket Surface n Mean SD Min Mdn Max Tukey?
1 Step Dry 20 14.55 3.80 8.77 13.86 14.55 A
2 Step Water 20 11.72 3.13 7.35 11.52 11.72 AC
3 Smart Clip Dry 20 14.87 4.78 7.98 14.75 14.87 A
4 Smart Clip Water 20 14.05 4.04 8.18 12.65 14.05 A
5 Quick Dry 20 20.28 4.46 15.01 18.95 20.28 B
6 Quick Water 20 12.74 3.69 8.62 10.79 12.74 A C
7 Damon 3MX Dry 20 11.21 1.87 8.95 10.50 11.21 A C
8 Damon 3MX Water 20 10.31 3.29 5.00 11.24 10.31 C

2 Mean with same letters are not significant.

significant differences in the ARI scores among the different groups.
Significance for all statistical tests was predetermined at p <0.05.

3. Results
3.1. Shear bond strength

Descriptive statistics for the shear bond strength (MPa) of the
8 groups tested are illustrated in Table 2. Shear forces are given
in Megapascals (MPa). The results of the ANOVA indicated signifi-
cant differences among the various groups (p <0.0001). Post hoc test
showed that Quick brackets bonded onto dry enamel showed sig-
nificantly higher shear bond strengths than all other groups tested
(p<0.05). Lowest shear strength values were recorded for groups 2
(Step brackets onto contaminated enamel), 6 (Quick brackets onto
contaminated enamel), 7 (Damon 3MX brackets onto dry enamel),
and 8 (Damon 3MX brackets onto contaminated enamel).

After water contamination mean shear bond strength lowered
for all the brackets tested when compared with dry enamel groups,
but this decrease was significant (p <0.05) only for Quick brackets.

3.2. ARI scores

Frequency distribution of ARI Scores showed a prevalence of
ARI “2” and “3” for all the brackets tested under both dry and water
moistened enamel (Table 3). No significant difference was detected
among the various groups (p > 0.05).

4. Discussion

The null hypothesis of the study has been rejected. In the present
investigation, Quick self-ligating brackets bonded onto dry bovine
enamel showed significantly higher shear bond strength values
than other groups. Lowest shear strength values were recorded
for groups 2 (Step brackets onto contaminated bovine enamel), 6
(Quick brackets onto contaminated bovine enamel), 7 (Damon 3MX
brackets onto dry bovine enamel) and 8 (Damon 3MX brackets onto
contaminated bovine enamel).

In the present investigation, self-ligating stainless steel brackets
registered similar values in dry conditions to values reported in the
literature [10,11]. Other reports showed that water contamination

results in a significant [8,14] or not significant [15,16] reduction
in shear bond strength of conventional brackets. Regarding self-
ligating brackets in the literature there are only a few studies that
evaluated shear bond strength [10,11], but none considered water
contamination after primer application. In the present study after
water contamination, mean shear bond strength was lowered for
all the brackets tested when compared with dry enamel groups, but
this decrease was significant (p <0.05) only for Quick brackets. This
is probably due to the different mesh pad design of these brackets,
because the morphology of the base design may improve penetra-
tion of the adhesive material [11]. On the contrary, under water
contamination these brackets registered lower shear strength val-
ues, with no significant differences with other moistened groups.
In fact new bracket bases have micro retentions that can help to
reduce the effect of contaminants on bond strength. Despite the
lowering of shear values after water application being significant
only for Quick brackets, protection from water contamination is
anyway strongly recommended.

Reynolds [17] suggested that a minimum bond strength of
6-8 MPa was adequate for most clinical orthodontic needs. These
bond strengths are considered to be able to withstand mastica-
tory and orthodontic forces. In the present investigation all the
bond strength values, both when brackets were bonded onto dry
and water-contaminated enamel, were above this minimal require-
ment.

In the present study, bovine enamel was used. Previous studies
showed that bovine and human enamel are similar in their physical
properties, composition, and bond strengths [18,19]. Bovine lower
incisors are used for two main reasons. First, it is easier to obtain a
sufficient number of sound bovine teeth than human teeth. Second,
the bigger surface area of bovine lower incisors allows preparation
of more than one specimen from the same tooth. Thus, control spec-
imens can be obtained from the same surface. Bovine teeth, derived
from animals of similar genetic lineage and dietary environment,
might show higher homogeneity of mineral composition than dif-
ferent human teeth, which are collected from various donors with
diverse dietary or fluoride supplementation [20,21].

In the present investigation, the evaluation of the ARI scores
indicated no significant difference in bond-failure site among the
10 groups. A previous investigation [22] suggested that the amount
of residual composite might not be related to shear bond strength

Table 3

Frequency of distribution of adhesive remnant index (ARI) scores.
Group Bracket Surface ARI=0 ARI=1 ARI=2 ARI=3
1 Step Dry 2(10%) 1(5%) 10 (50%) 7 (35%)
2 Step Water 0(0%) 3(15%) 9 (45%) 8 (40%)
3 Smart Clip Dry 0(0%) 3(15%) 9 (45%) 8 (40%)
4 Smart Clip Water 1(5%) 1(5%) 13 (65%) 5 (25%)
5 Quick Dry 0(0%) 2 (10%) 7 (35%) 11 (55%)
6 Quick Water 0 (0%) 0(0%) 6 (30%) 14 (70%)
7 Damon 3MX Dry 1(5%) 2 (10%) 7 (35%) 10 (50%)
8 Damon 3MX Water 2(10%) 3(15%) 8 (40%) 7 (35%)
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but it is governed by factors caused by bracket base design and
properties of the adhesive. The brackets tested in the present study
recorded ARI scores of “2” and “3”. This is in agreement with other
studies [10,23] that evaluated shear bond strength of self-ligating
brackets onto dry enamel. This score indicates failure in the inter-
face bracket-adhesive probably due to a greater force between
enamel and adhesive, with less risk of enamel fracture during
debonding.

In the present study, none of the teeth showed enamel fracture
after testing.

5. Conclusions

The present study demonstrated that:

Water contamination does not affect the shear bond strength
on bovine enamel, except for Quick brackets, which recorded a
significant reduction in shear strength after moistening.

Quick brackets bonded onto dry bovine enamel showed signif-
icantly higher shear bond strengths than all other groups tested,
whereas the lowest shear strength values were recorded for Step,
Quick, and Damon 3MX brackets bonded onto contaminated bovine
enamel and for Damon 3MX onto dry enamel.

Frequency distribution of ARI Scores showed a prevalence of
ARI “2” and “3” for all the groups tested, indicating failure in the
interface bracket-adhesive.
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