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Evaluation of shear bond strength and adhesive
remnant index of orthodontic brackets bonded
directly or indirectly with adhesive resin cements to
bovine enamel

Abstract Volume 8 Issue 3 - 2017

The aim of this study was to evaluate differences in shear bond strength and in Adhesive
Remnant Index using direct and indirect bonding techniques with two different resin
cements. A total of 64 cow mandibular incisors were analyzed. Inclusion criteria were:
intact buccal surfaces, no carious lesions, recent extraction, proper preparation and
conservation. Elements were extracted, immersed in a 0.1% thymol solution and secured
in cold resin. The material tested were Transbond (Unitek/3M, Monrovia, Calif) and
Kuraray (Kuraray Medical, Tokyo, Japan). Teeth were divided in four groups: 1. Direct
technique+Transbond; 2. Direct technique + Kurasper; 3. Indirect technique + Transbond;
4. Indirect technique+Kurasper. Upper right central incisor brackets were used in all groups
and bonded directly or indirectly; Samples were tested for ARI and shear bond strength with
aload cell of SKN. The two-way ANOVA test showed no significant difference for bonding
technique (p=0.9606), composite cement used (p=0.1653) or interaction between these two
variables (p=0.6077). The Chi-square test showed no significant difference in failure sites
(ARI) in all groups (p=0.185). There is no significant difference in adhesion force and in
failure sites between direct and indirect techniques, with both cements.

Enrica Tessore, Laura Mazzotta, Arturo

Fortini
Department of Orthodontics, University of Cagliari, Italy

Correspondence: Laura Mazzotta, Department of
Orthodontics, University of Cagliari,Via Zara 37-2, 16145,
Genova, Italy, Email laura.mazzotta@ymail.com

Received: September 26,2017 | Published: September 28,
2017

Keywords: shear bond strength, ari index, indirect bonding technique

shrinkage of the composite material may cause gaps between the
adhesive and the enamel surface and lead to microleakage, thus
facilitating detachment or the formation of white spot lesions under
the bracket.” In this study, we aimed to analyze whether there exists
a significant difference in shear bond strength and microleakage

Introduction

The indirect bonding process was first described by Silverman and
Cohen."? in 1972. Since then, several different techniques for indirect
bonding have been proposed, with different bracket preparation

(standard or individualized), different types of transfer (single or jigs
or full arches) and different materials (acrylic resin, silicon, thermo-
formed material).> The indirect bonding technique offers several
advantages over the direct technique,® chair time saving, greater
comfort for the patient,”® more precise bracket positioning,'” less
need for repositioning during treatment (even with less experienced
operators),'™"* less stress for the dentist and less accumulation
of composite cement around the base of the brackets.'*!® This,
consequently, decreases the formation of plaque and calculus during
orthodontic treatment.'® However, the indirect technique presents
some disadvantages such as the need for additional impressions,
the increase of lab time and costs and the possibility of having an
adhesive overflow into the gingival sulcus."” It has been debated
that the direct bonding technique may have increased bond strength
as the bracket bases fit closer to the tooth surfaces, leading to fewer
detachments during treatment.* In vitro."®"® and in vivo studies.”?!
have been conducted to compare shear bond strength showing similar
results; only one study reported significantly lower adhesion values.?
However, the materials tested in that study included a self-etching
primer and a total-etching primer. Materials play a key role in shear
bond strength: previous studies on dental cements have shown
that many features of composites, including hardness, tensile and
compressive strength, and flexural modulus may vary when different
bonding technique or curing modes are used. Indeed, polymerization

formation using direct and indirect bonding techniques with two
different resin cements.

Materials and methods

Atotal of 64 cow mandibular incisors were analyzed. The inclusion
criteria were: intact buccal surfaces, absence of enamel fracture lines,
absence of carious lesions, recent extraction, proper preparation and
conservation. Teeth that presented enamel defects, dehydration or that
had not been stored properly were excluded. Teeth were extracted; soft
tissue residues were removed with manual curettage (Figure 1). All
elements were then immersed for one week in a 0.1% solution (weight
/ volume) of thymol. Teeth were secured individually in metal rings
(diameter 15mm) with cold resin (Leocryl; Leone, Sesto Fiorentino,
Italy); the tooth buccal face was placed parallel to the detachment
force (Figure 2). Buccal faces were cleansed for 10 seconds with a
mix of water and aluminum oxide (50micron) with a rubber polishing
bur mounted on a contrangle,** washed and dried (Figure 3). For this
study, upper right central incisor brackets were used, with a 0.022
x 0.028 slot (D.B. STEP system 2.0® Leone, Firenze) and a base
surface of 14mm? The adhesion procedure was performed by a
single operator. The material tested were two light-curing composite
cements used with the etching technique (orthophosphoric acid); each
composite was used with the adhesive and the etchant recommended
by the manufacturer:
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Figure | Extracted cow mandibular incisor; after removal of all soft tissue
residues with manual curettage.

Figure 2 Teeth individually secured in cold resin (Leocryl; Leone, Sesto
Fiorentino, Italy).

Figure 3 Buccal faces were cleansed for |0 seconds with a mix of water
and aluminum oxide (50 micron) with a rubber polishing bur mounted on a
contrangle.

1. Kuraray adhesive system (Kuraray Medical, Tokyo, Japan):
a. K-Etchant gel (etching)
b. Kurasper F F-Bond (bonding)
c¢. Kurasper F Paste (composite cement)
2. 3M adhesive system (Unitek/3M, Monrovia, Calif):
i. Transbond XT etching gel system (etching)
ii. Transbond XT light cure adhesive primer (bonding)
iii. Transbond XT Light cure adhesive paste (composite cement)
All teeth were divided in 4 groups.
Group |:Direct Transbond (DT)

16 teeth directly bonded with 3M Transbond materials. Each tooth
was etched with 3M orthophosphoric acid 35% for 40seconds, washed
and dried; a thin layer of bonding was distributed with a disposable
brush. The bonding was cured for 20seconds with a LED lamp (Valo
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Ultradent) with a light intensity of 1,000mW/cm? The composite
was applied on the bracket base and the same has been positioned
in the center of the clinical crown of the tooth. The composite was
polymerized with a LED lamp (Valo Ultradent) for 20 seconds from
each side of the bracket,” with a 1000 mW/cm? light intensity (Figure
4).

Figure 4 Cow mandibular incisor with a bracket bonded directly.

Group 2: Direct Kurasper (DK)

16 teeth directly bonded with Kuraray materials (Kuraray Medical
Inc. Okayama, Japan). The same protocol performed for group 1 was
repeated.

Group 3: Indirect Transbond (IT)

16 teeth bonded with indirect technique and 3M materials. In this
group, thermo-formed trays were used as transfer, according to the
technique described in the article by Cozzani et al.'® Brackets were
bonded on resin replicas of cow’s teeth, produced by a 3D printer
(Objet Eden260V Stratasys) as a result of the tooth scan. A 3D scanner
was used (3Shape D800) (Figure 5). Two layers of resin separating
liquid have been applied (Insulator for acrylics, Leone®) with a
disposable brush on all surfaces of the tooth replicas. Transbond XT
composite cement was applied on the basis of each bracket before
they were positioned in the center of the clinical crown of the teeth.
Excess was removed and composite was polymerized with a LED
lamp (Valo Ultradent) for 20seconds from each side of the bracket
with a light intensity of 1000mW/cm?. Two trays were formed with
a positive-pressure thermos-former (Biostar- Scheu Dental): a first
one, more flexible (soft copyplast 0.5mm-Scheu Dental), which could
contain the brackets and at the same time be easily removed and a
harder one (duran hard 0.6mm - Scheu Dental) that could remain
outside for secure positioning reproducibility (Figure 6). The thermo-
formed transfer trays, now containing brackets, were detached from
the resin replicas. The brackets inside the masks were cleaned with
acetone (Hydrol). Once the acetone evaporated, Transbond adhesive
primer was applied to all brackets. Each tooth was etched with 3M
orthophosphoric acid 35% for 30seconds. The transfer trays were
positioned on the tooth and pressed to improve the contact between
the bracket and the tooth surface during the polymerization; this
was performed with a LED lamp (Valo, Ultradent) for 20 seconds
from each side of the bracket with a light intensity of 1000mW/cm?.
Transfer trays were removed with a probe, trying not to detach the
bracket.

Group 4: Indirect Kurasper (1K)

16 teeth bonded with indirect bonding technique and Kuraray
adhesive materials. The same protocol used for Group 3 was repeated.
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After bonding, all samples were maintained in distilled water for
24hours.? at room temperature; they were then tested for shear bond
strength with a universal testing machine (Model 4301; Instron Corp.,
Canton, Massachusetts, USA) (Figure 7) with a load cell of SKN.
The samples were fixed in the lower part of the machine in such a
way that the base of the bracket was parallel to the direction of the
separation force (Figure 8). The samples have undergone traction
in gingival direction at a speed of Imm/minute, in agreement with
previous studies.?32

Figure 8 Positioning for shear bond strength test.

ARI

Figure 5 Resin replica with the bracket bonded.

After breakage of the adhesive bond, the surface of treated teeth
was examined with an optical microscope at 10 magnifications (Nikon
SMZ800) to determine the amount of composite cement remained on
the enamel. The ARI score described by Artun & Bergland.’® was
used: it measures bond failure by assessing the amount of adhesive
left on the tooth as follows: 0, no adhesive remaining; 1, less than
half of the adhesive remaining; 2, more than half of the adhesive
remaining; 3, all adhesive remaining.

Statistical analysis

Two-way analysis of variance (ANOVA) was used to determine
the significant differences among the samples consisting of
different materials and subjected to various bonding methods, and
combinations thereof. Chi-squared analysis was used to test the
significance of differences in the distributions of the ARI scores.
Results were analyzed with a statistical software program STATA 12
(Stata Corp, College Station, Tex) and the level of significance was set
at p<0.05. All values were reported in Newton and later converted into
Megapascal as the ratio of Newton/ bracket surface.

Figure 6 Resin replica with bracket and two thermo-formed trays.

iy

Shear bond strength test

The two-way ANOVA test showed that there are no significant
differences for what concerns the bonding technique (p=0.9606), the
composite cement used (p=0.1653) and the interaction between these
two variables (p=0.6077). It is showed therefore, that there are no
differences among the four analyzed groups in shear bond strength.

ARI index

T

The Chi-square test showed that there is no statistically significant
difference between the separation surfaces in the four groups
(p=0.185). The same operator, after one week, repeated ARI scores of
10 random selected teeth, obtaining a 100% consistency with previous
values assigned (Figures 9-14 & Table 1).

Figure 7 Instron universal testing machine.
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Figure 13 ARl index 0 (DTS8).

Figure 10 ARI index 2 (bracket DT1).

Figure 11 ARl index | (IKII). Figure 14 ARl index 0 (bracket DT8).

Table | Description of ARl index and shear bond strength values in the four groups

Direct bonding Indirect bonding
DT DK IT IK
Proof resistance (N/mm?) ARI Resistance (N/mm?) Resistance (N/mm?) ARI Resistance (N/mm?) ARI
| 17,51 2 21,17 8,39 | 22,99 2
2 17,94 2 17,7 12,43 | 24,99 2
3 18,68 I 2428 12,54 0 13,53 I
4 19,39 0 2429 14,04 2 9,3 |
5 27,07 | 9,96 11,6 0 17,9 |
6 11,83 2 17,42 22,12 | 18,61 |
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Direct bonding

Indirect bonding

DT DK IT IK

Proof resistance (N/mm?) ARI Resistance (N/mm?) Resistance (N/mm?) ARI Resistance (N/mm?) ARI
7 12,71 0 13,8 13,6 | 16,58 |

8 15,99 0 26,33 26,52 | 20,82 |

9 16,9 2 23,95 13,61 2 12,66 |

10 17,88 | 15,69 10,61 | 24,05 |

Il 11,12 | 16,75 22,58 | 16,75 |

12 18,05 | 7,65 14,74 | 24,16 |

13 10,95 | 13,35 7,55 0 14,78 |

14 17,88 0 16,43 19,85 2 17,45 0

15 15,88 2 15,43 22,19 | 11,97 |

16 16,29 | 20,06 22,12 | 27,27 |
Total 266,07 17 284,26 254,49 16 293,81 17
Mean 1,66,29,375 1,06 17,76,625 1,59,05,625 | 1,83,63,125 1,06

Discussion assumed that this excess of material is due to the greater density of the

We chose to use cow’s teeth despite the ideal material for this
study were human teeth because these are judged from the literature
as a viable alternative.’** Cow’s incisors were preferred for their
vestibular flat surface, which has allowed a greater uniformity of the
adhesive cement layer thickness and therefore the elimination of a
possible variable in the evaluation of adhesion strength. Previous
studies have obtained inferior adhesion values with cow’s teeth when
compared to human teeth.”” Thermoformed trays have been preferred
to other techniques because they have a more uniform thickness
and are more predictable compared to other methods currently in
use.'? The quality of bracket adhesion is an important parameter for
a successful orthodontic treatment. Reynolds.*® suggests that the
strength of a minimum bond to obtain a satisfactory result for most of
the clinical orthodontic needs is 6-8 MPa; these values are considered
sufficient to withstand mastication and orthodontic forces. In our study
the adhesion values are higher but were performed under standard
laboratory conditions and thus need to be considered carefully in
terms of their clinical relevance. The evaluation of adhesion strength
was performed 24hours after polymerization because previous studies
have shown that the adhesive bonds are greater: 24hours is considered
the beginning of the stable phase.’’*® The ARI index showed that
in both techniques and with both cements there are no failures of
the adhesive bond which exclusively involve the cement-bracket
interface, in agreement with previous studies.””* The presence
of less adhesive on the tooth surface thus indicates a failure of the
bonding at the enamel-cement interface; this from a clinical point of
view may be preferable because it facilitates the debonding phase.?’
Although there are no statistically significant differences in the ARI
scores, Kuraray cement presents lower values than Transbond both in
direct and indirect technique. Furthermore, from the analysis of the
detachment surfaces at the optical microscope, it can be noted that
the areas surrounding the bracket surfaces look different, depending
on the cement that has been used and not on the technique. In fact,
teeth bonded with KURASPER cement, show a greater overflow than
those bonded with Transbond. The overflows, however, are not to be
assigned to the ARI index, which only refers to bracket surfaces. It is

Kurasper primers that, when cured, creates thickness. This, however,
could be an advantage in the indirect technique as the cement is already
polymerized, and only the primer is added: Kurasper detachment
values with indirect technique (even if the result is not significant) are
the highest of the four groups.

Conclusion

The resin cements; Kurasper and Transbond have the same shear
bond strength and failure sites with orthodontic brackets bonded to
bovine enamel either or indirect technique.
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