SPEMD

Revista Portuguesa de Estomatologia,
Medicina Dentaria e Cirurgia Maxilofacial

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC. 2017;58(4):219-224

Original research

Shear Bond Strength of different accessories

@ CrossMark

used to traction impacted teeth

Matheus Melo Pithon®*, Matheus Souza Campos Costa?,
Heitor Cesdr Ribeiro de Almeida Jiinior®, Ivanderson Santana de Almeida®,
Benito Coelho Santana®, Raildo da Silva Coqueiro®

@Health I Department, Universidade Estadual do Sudoeste da Bahia — UESB, Jequié, Bahia, Brazil and Pediatric Dentistry and Orthodontic
Department Universidade Federal do Rio de Janeiro-UFRJ, Rio de Janeiro, Rio de Janeiro, Brazil.
b Health I Department, Universidade Estadual do Sudoeste da Bahia — UESB, Jequié, Bahia, Brazil.

ARTICLE INFO

ABSTRACT

Article history:

Received 28 November 2016
Accepted 29 September 2017
Available online 20 December 2017

Keywords:

Bond strength
Impacted

Orthodontic appliance
Tooth

Objectives: To evaluate the shear bond strength and the adhesive remnant index (ARI) of
different orthodontic accessories used for applying traction on impacted teeth.
Methods: 120 bovine incisors were used. Initially, all teeth were submitted to prophylaxis,
subsequent etching with 37% phosphoric acid, application of adhesive and light polymeri-
zation. Afterwards, these teeth were randomly divided into eight groups: (1) composite lingual
button; (2) hook for application of traction on impacted teeth; (3) hook with chain; (4) cleat;
(5) brackets; (6) convex lingual button; (7) concave lingual button; and (8) orthodontic mesh.
The groups were submitted to shear tests in a universal test machine, and ARI evaluation.
Results: The group of orthodontic mesh (8) presented the best shear bond strength results
with statistically significant differences comparing with the composite lingual button
(p<0.001), hooks for application of traction on impacted teeth (p=0.002), hooks with chain
(p=0.001), cleat (p=0.011), brackets (p< 0.001), convex lingual button (p=0.003) and convex
lingual button (p<0.001). The highest mean ARI values were also obtained for the mesh group,
with statistically significant differences comparing with the composite lingual button
(p=0.008), cleat (p=0.004), brackets (p=0.001), convex lingual button (p=0.017) and concave
lingual button (p=0.005).
Conclusion: The greatest adhesion forces were obtained with the orthodontic mesh, which
was statistically different from all other groups, and the lowest adhesion forces with the
composite lingual button. (Rev Port Estomatol Med Dent Cir Maxilofac. 2017;58(4):219-224)
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Resisténcia adesiva ao cisalhamento de diferentes acessérios utilizados
para tragao de dentes impactados

RESUMO

Palavras-chave:
Adeséao

Impactado

Aparelho ortoddntico
Dente

Objetivos: Avaliar a resisténcia adesiva ao cisalhamento e o indice de Adesivo Remanescen-
te (IAR) de diferentes acessérios ortoddnticos utilizados na tragdo de dentes impactados.
Métodos: 120 incisivos bovinos foram utilizados para esse estudo. Inicialmente, em todos
realizou-se profilaxia, seguida do condicionamento com &4cido fosférico 37%, aplicagdo de
adesivo e fotopolimerizacao. Em seguida, dividiu-se aleatoriamente os dentes em oito gru-
pos: (1) Botdo lingual em resina composta; (2) Gancho para tracionar dentes inclusos; (3)
Gancho com corrente; (4) Cleat; (5) Brackets; (6) Botdo lingual convexo; (7) Botdo lingual
concavo e (8) Malha metalica ortoddntica. Os grupos foram submetidos a testes de resistén-
cia adesiva ao cisalhamento em maquina de ensaios universais e avaliagdo do IAR.
Resultados: O grupo constituido pelas malhas metdlicas ortodonticas apresentou os melho-
res resultados nos testes resisténcia adesiva ao cisalhamento com diferencas estatistica-
mente significativas quando comparados com os botdes linguais em resina composta
(p<0,001), Ganchos para tracionar dentes inclusos (p=0,002), Ganchos com corrente (p=0,001),
Cleat (p=0,011), Brackets (p< 0,001), Botdo lingual convexo (p=0,003) e Botdo lingual céncavo
(p<0,001). As maiores médias do IAR foram obtidos também pelo grupo das Malhas metali-
cas ortodonticas, com diferencas estatisticamente significativas quando comparadas aos
Botdes linguais em compésito (p=0,008), Cleat (p=0,004), Brackets (p=0,001), Botdo lingual
convexo (p=0,017) e Botdo lingual céncavo (p=0,005).
Conclusdes: As forcas de adesdo maiores foram obtidas com a malha ortodontica, tendo sido
estatisticamente diferente de todos os outros grupos e as menores com os botdes linguais
em composito. (Rev Port Estomatol Med Dent Cir Maxilofac. 2017;58(4):219-224)
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Introduction

Impacted teeth are a prevalent problem in the orthodontic
treatment,! and are defined as teeth that remain in the oral
mucosa or bone after their period of eruption.?> There are var-
ious causes for this anomaly, which may be due to an obstruc-
tion of the trajectory between its site of development and the
functional occlusal position, or due to a loss of eruptive force.®’

In the large majority of cases, the etiology of teeth impac-
tion can be determined, and there is no symptomatology. Nev-
ertheless, there are cases in which pathological repercussions,
such as the resorption of the root of an adjacent tooth, loss of
dental arch size, cyst formation, referred pain, among other
problems, may be associated.®

The methods described in the literature for the treatment
of impacted teeth vary between extraction, autotransplanta-
tion and surgical exposure, with a subsequent orthodontic
movement.® The latter is the most recommended option, as it
presents the best results from both the aesthetic and function-
al points of view.’ When the treatment option is the applica-
tion of traction, it is necessary to adapt some accessory to the
tooth in question, which will serve as a support for traction
with orthodontic forces.'* In the past, this support was ob-
tained using invasive methods, such as placing a wire loop
around the crown? or transfixation!! (the perforation of the

incisal angle in the vestibular-lingual direction and fixation of
an orthodontic wire). However, many complications resulted
from these procedures, such as root resorptions and pulp per-
forations, with the need for future endodontic treatment.?2

With the advent of materials for bonding directly to the
surface of teeth, these once common problems ended. There
are bonding materials available on the market with excellent,
clinically proven bond strength. However, doubts persist about
the best accessory to bond in these situations, considering the
infinite number of devices available for this purpose.'-'* Based
on this premise, the authors’ proposal in the present study was
to evaluate the in vitro shear bond strength and adhesive rem-
nant index (ARI) of different orthodontic accessories used for
applying traction to impacted teeth. In addition, the null hy-
pothesis tested was that the shear bond strength and the ARI
were similar for all orthodontic traction objects.

Materials and methods

In this in vitro evaluation, 120 bovine permanent incisors
were used due to the similarity between bovine and human
teeth. The inclusion criterion was that the teeth should be in-
tact - that is, without cavitation caused by caries and/or the
extraction process. The teeth were cleaned with water and
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stored in a glass receptacle in a 10% formaldehyde solution for
seven days and kept refrigerated.

The minimum sample size required for this study was cal-
culated using the following parameters: a test power of 80% (B
=0.20) and an error of 5% (a=0.05). The calculation determined
a minimum sample size of 12 samples. Considering the possi-
bility of using non-parametric statistics (Friedman test), an in-
crease of 20% was applied, which resulted in the adjustment of
the minimum size required for 15 individuals. The sample cal-
culation was performed in G*Power (version 3.1.9.2, Germany).

The teeth were embedded in PVC rings (Tigre, Joinville, Bra-
zil) with acrylic resin (Classico, Sdo Paulo, Brazil) so that only
their crowns were exposed. In order to maintain the surface
to be glued to the bracket perpendicular to the ground, a
square was used for standardization. After polymerizing the
resin, all the test specimens were stored in distilled water and
again placed in the refrigerator at 5°C.

The vestibular surfaces of the teeth received prophylaxis
with a rubber cup (Viking, KG Sorensen, Barueri, Brazil), an
extra-fine pumice stone (S.S.White, Juiz de Fora, Brazil) and
distilled water for 15 seconds. Afterwards, they were washed
with air spray/distilled water and dried with oil- and humidi-
ty-free jets of air for the same length of time. After prophylax-
is, etching was performed with 37% phosphoric acid (FGM,
Joinville, Brazil) for 30 seconds, followed by washing with wa-
ter and drying with jets of air for the same period. A thin coat
of primer (Transbond XT; 3M Unitek, Monrovia, California,
USA) was applied and light polymerized for 40 seconds.

Before the bonding process, the teeth were randomly di-
vided into groups corresponding to the accessory that would
be bonded to them, as shown in Table 1 and Figure 1.

An orthodontic composite (Transbond XT, Monrovia, USA)
was used for bonding. Initially, composite was applied on the
base of the accessories, which were then placed on the tooth
surface and subjected to a force of 300g, to allow extravasation
of the excess composite. For this purpose, a weight of 300 g
was positioned on top of the brackets. The excess composite
was removed with an exploratory probe no. 5.

The mesh was previously standardized so that it would
always have the same dimensions, and the same amount of
orthodontic composite would be applied. For this purpose, the
internal diameter of an orthodontic elastic (3.1 mm) was used
to delimit the cross-sectional area of the mesh. Afterwards,

Figure 1. Accessories used: 1 - composite lingual button,
2 - hook for applying traction to impacted teeth; 3 - hook
with chain; 4 - cleat; 5 - bracket; 6 - convex lingual
button; 7 - concave lingual button; 8 - mesh.

Table 1. Experimental groups according to the accessory
used, composition, fabrication and manufacturing lot.

Accessories e
Groups Used Composition Brand Lot

Lingual button Polycarbonate .

1 Composite with glass fiber Morelli 1801732
Hook for

2 traction Stainless Steel ~ Morelli 1767974
in impacted
teeth

3 Hook with chain  Stainless Steel Morelli 1809417

4 Cleat Stainless Steel Morelli 1827790

5 Brackets Stainless Steel Morelli 1828477

6 Convex lingual Stainless Steel Morelli 1809815
button

7 Concave lingual ¢ i 1oos Steel  Morelli 1834886
button

8 Mesh Plaited wires Morelli 1430356

Stainless Steel

the mesh was placed on the tooth surface coupled with an
elastic, and the interior of the elastic was filled with orthodon-
tic composite (Transbond XT, Monrovia, USA).

The next step was light polymerization for 40 seconds with
the light-polymerization device XL 1500 (3M Unitek, Monrovia,
CA, USA), using a light intensity of 400 mW/cm?, regularly
checked with a radiometer (Demetron, Danbury, CT, USA).

After bonding, the test specimens were stored in artificial
saliva and kept in an oven at a temperature of 37°C for 24
hours. The bond strength tests were performed in a universal
mechanical test machine (AME-2kN; Fillizola, Sao Paulo, Bra-
zil), operating at a speed of 0.5 mm/min, by means of a chis-
el-shaped active tip. The shear strength forces were obtained
in kilogram-force, converted into Newton, and divided by the
base area of the tested accessory. Thus, the results were given
in megapascal (MPa). Megapascal was the chosen unit because
it allowed individualizing the force applied on a specific area
in mm?, thereby annulling the variable corresponding to the
base area of each accessory tested.

After performing the shear strength tests, the vestibular
surfaces of the tested specimens were evaluated under a ste-
reomicroscope (Carl Zeiss, Gottingen, Germany), at 16x mag-
nification, to quantify the ARI. The ARI scores ranged from 0
to 3, with 0 indicating that there were no composite remnants
on the enamel, 1 that there was less than half of the compos-
ite, 2 that there was more than half of the composite and 3 that
the whole composite was on the tooth surface.

The means and standard deviations were calculated for the
descriptive analysis of the shear strength and ARI. For the in-
ferential analysis of the shear strength, the homogeneity of
variances was tested using the Levene’s test and the normality
of the residues using the analysis of variance (one-way ANO-
VA), namely, the Kolmogorov-Smirnov test. After verifying the
heterogeneity of variances and the asymmetrical distribution
of the residues, the Kruskal-Wallis test was applied to compare
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differences between the groups; the comparisons between
pairs were made using the Mann-Whitney test. The Krus-
kal-Wallis and Mann-Whitney tests were also used to verify the
differences in ARI scores between the groups. The adopted lev-
el of significance was 5% (a=0.05). The data were tabulated and
analyzed in the software program IBM SPSS Statistics for Win-
dows (IBM SPSS. 21.0, 2012, Armonk, NY: IBM Corp.).

Results

Based on the results, it was demonstrated that the mesh
(Group 8) was the accessory that resulted simultaneously in
the highest shear strength values and highest ARI scores. (Fig-
ure 2). The shear strength of the mesh differed statistically
from that of all other materials (Table 2) and its ARI score did
not differ only from the hook for applying traction to impact-
ed teeth and the hook with chain (Table 3). The lowest shear
strength was observed with the use of the composite lingual
button (Group 1) (Figure 2A), which differed statistically from
all other materials (Table 2). The lowest ARI values were ob-
served with the use of brackets (Figure 2B), which differed sta-
tistically from the hook for applying traction to impacted
teeth, the hook with chain and the mesh (Table 3).
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Figure 2. Comparison of shear strength (A) and adhesive
remnant index - ARI (B) - between groups. Columns
represent means and error bars represent the standard
deviations. *Kruskal-Wallis Test. Comparison of shear

strength (A) and adhesive remnant index - ARI (B) -
between groups. Columns represent means and error bars
represent the standard deviations. *Kruskal-Wallis Test.

Table 2. P-values for group-to-group comparisons
of shear strength, using the Mann-Whitney test.

Groups 2 3 4 5 6 7 8
1 <0.001 <0.001* <0.001* 0.003 0.001 <0.001* <0.001*
2 0.494 0.130 0.141 0.756 0.852  0.002
3 0.178 0.111 0950 0.443 0.001
4 0.002 0.330 0.044 0.011
5 0.120  0.085 <0.001*
6 0.419  0.003
7 <0.001*

1 - composite lingual button; 2 - hook for applying traction to impact-
ed teeth; 3 — hook with chain; 4 - cleat; 5 — bracket; 6 — convex lingual
button; 7 - concave lingual button; 8 - mesh.

Table 3. P-values for group-to-group comparisons of ARI,
using the Mann-Whitney test.

Groups 2 S 4 5 6 7 8
1 0.063 0.003 0.521 0.227 0.517 0.825 0.008
2 0.148  0.022 0.003 0.242 0.070 0.061
3 0.001 <0.001* 0.022 0.002 0.181
4 0.587 0.231 0.394 0.004
5 0.071 0.146  0.001
6 0.616  0.017
7 0.005

1 - composite lingual button; 2 — hook for applying traction to impact-
ed teeth; 3 — hook with chain; 4 - cleat; 5 — bracket; 6 — convex lingual
button; 7 - concave lingual button; 8 - mesh.

Discussion

Various devices have been designed for bonding to the
enamel of a tooth to which orthodontic traction will be ap-
plied.’*!” Choosing a device depends on individual preferences
since there is no scientific proof in the literature, up to the pres-
ent moment, indicating which accessory best adheres to the
tooth surface, in order to avoid debonding during the applica-
tion of traction and the need for a new surgical intervention.”#

Based on this premise, the authors’ proposal in the present
study was to evaluate the in vitro shear bond strength and ARI
of different orthodontic accessories used for applying traction to
impacted teeth. It is worth pointing out that, up to now, there are
no studies in the international scientific literature with this pro-
posal, and, thus, the results of this research are unprecedented.

A shear bond strength between 5.8 and 7.8 MPa is neces-
sary to achieve satisfactory results with the use of orthodontic
accessories since it allows to bear the interactions between the
masticatory forces and those derived from orthodontic me-
chanics.'®1? Nevertheless, as the impacted teeth are not in
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occlusion, the masticatory forces do not act on the interface
between the tooth enamel and the accessory for traction.?®
Therefore, the forces used for applying traction to impacted
teeth range between the values of 20-150 grams-force.?!-??

In all the groups tested, this value was achieved when the
means were evaluated, except in the composite lingual button
group (mean = 3.7 MPa). This fact may be explained by the
composition of this accessory, consisting of polycarbonate
with glass fiber. Some studies have analyzed orthodontic ac-
cessories constituted by this composite and have proved that,
when compared with other metal orthodontic accessories,
these have a lower bond strength than the metal type.?*2¢ Fur-
thermore, it is pointed out that this value shows a trend to
decrease in clinical situations since some elements such as
saliva and blood are present, and thus make it difficult to bond
orthodontic accessories to tooth enamel.?’-3?

It should be emphasized that the only group in which all
specimens showed results above the reference value was the
group with the orthodontic mesh, which presented statistical-
ly significant differences comparing with all the other groups.
Although a bond strength of over 14 MPa may cause damage
to the tooth surface, this did not occur in any specimen of
the mesh group, as opposed to the group of the hook for ap-
plying traction to impacted teeth (GTDI), in which two speci-
mens presented enamel fractures. This fact may be explained
by the design of the base of these orthodontic accessories.

Regarding the ARI, the best results were also obtained in
the orthodontic mesh group (mean = 1.4), thus ratifying that
orthodontic accessory bonding is most effective when a failure
occurs by cohesive rupture of the material; that is, when ad-
hesive remnants are found adhered to the tooth.>* The worst
results were found in the bracket group (mean = 0.2), and this
group presented statistically significant differences in com-
parison with the hook for applying traction to impacted teeth
(GTDI), the hook with chain (GC) and the mesh.

The favorable results found for the orthodontic mesh bring
to light the strong correlation between the bond strength at the
adhesive-enamel interface and the ARI.3*> Furthermore, other
advantages may be pointed out, such as the possibility of using
it when the teeth are in critical positions, its simplicity, its low
cost, being easy to fit to tooth surfaces (vestibular, palatine,
lingual, mesial or distal) and providing less discomfort.*®

The limitation of this study is that it was conducted in
vitro, therefore excluding some important variables arising in
the clinical practice that have a direct influence on the bond
of accessories to the surface of a tooth that will be submitted
to traction. Therefore, clinical studies are necessary to deter-
mine whether the results obtained in the laboratory are con-
sistent with the reality experienced in the clinical practice.

Conclusion
By conducting this study, it could be concluded that:

- the polycarbonate and glass fiber button did not show
good strength when applying traction to impacted teeth;

- stainless steel accessories showed good strength and are
indicated for applying traction to impacted teeth;

- orthodontic mesh presented the best results both in
shear strength tests and in the adhesive remnant index;

- brackets showed the worst results in the adhesive rem-
nant index;

- the hypothesis was rejected since the accessories pre-
sented different strengths of resistance.
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