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Objectives: The aim of this study was to systematically review the available literature about
in vitro orthodontic bond strength tests regarding bonding brackets to acrylic teeth.
Methods: A comprehensive electronic database search with no date or language limits was
conducted. Relevant studies were selected based on predefined criteria: in vitro investi-
gation on the shear/tensile bond strength of brackets evaluated and expressed in meg-
apascals and/or considering the adhesive remnant index; and studies with a clear expla-
nation of the bonding technique/protocol, bonding materials and type of surface acrylic
material used.
Results: 2044 published articles were presented by the four databases. Of the studies
collected from all the databases, 28 based on their title and 14 based on their abstract,
only 10 studies fulfilled the selection criteria after being examined twice by the two
reviewers.
Conclusion: The type of surface noticeably influenced the adhesion, and surface treatments
should be performed to improve bond strength. (Rev Port Estomatol Med Dent Cir Maxilofac.
2017;58(2):65-70)
© 2017 Sociedade Portuguesa de Estomatologia e Medicina Dentaria.
Published by SPEMD. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding author.

E-mail address: monicap@ufp.edu.pt (Ménica Morado Pinho).

http://doi.org/10.24873/j.rpemd.2017.07.020

1646-2890/© 2017 Sociedade Portuguesa de Estomatologia e Medicina Dentéria. Published by SPEMD.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



66

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC. 2017;58(2):65-70

Adesao de brackets ortodonticos a superficies acrilicas.
Uma revisao sistematica sobre estudos in vitro.

RESUMO

Palavras-chave:
Resina acrilica
Adesao

Coroas

Colagem

Brackets ortodonticos
Material provisério

Objetivos: O objetivo deste estudo foi efetuar uma revisdo sistematica da literatura sobre
testes in vitro de resisténcia a adesdo entre brackets ortodonticos e dentes acrilicos.
Métodos: Foi realizada uma pesquisa abrangente em bases electrénicas, sem limites de data
ou idioma. Os estudos relevantes foram selecionados com base nos seguintes critérios pré-
-definidos: investigacdo in vitro sobre resisténcia ao cisalhamento/tracao dos brackets ava-
liada e apresentada em megapascais e/ou considerando o indice de adesivo remanescente;
estudos com explicacdo clara da técnica/protocolo de adesao, adesivos e tipo de material
acrilico das superficies.
Resultados: dos 2044 artigos publicados apresentados pelas quatro bases de dados elec-
trénica, 28 foram selecionados com base no titulo e 14 com base no resumo. Apenas 10
obedeceram aos critérios definidos e foram incluidos apés anélise por dois revisores, duas
vezes.
Conclusdo: O tipo de superficie parece influenciar a ades@o e o tratamentos destas deve
ser realizado para melhorar a adesdo. (Rev Port Estomatol Med Dent Cir Maxilofac.
2017;58(2):65-70)
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Introduction

Nowadays, the strategy of bonding brackets to acrylic resin
surfaces is often applied in the cases of patients with provi-
sional prosthetic structures. However, the bond strength bet-
ween bracket, adhesive and synthetic surfaces is still a con-
cern during the orthodontic treatment. Additionally, bond
failure of brackets during orthodontic treatment has a time-
cost impact and leads to patient inconvenience.!

Provisional crowns of Bis-acrylic resins are methyl metha-
crylate resins enhanced with glass particles for a higher me-
chanical resistance.?** A chemical and mechanical adhesion
should be performed to bond orthodontic brackets to those
materials. For that reason, different bonding protocols are des-
cribed in the literature.*>

As known, in vivo testing in controlled trials would be
the best way to evaluate the effectiveness of protocols.®
However, in vivo tests on bonding brackets to provisional
teeth during orthodontic treatment are scarce or even null
in the literature.

In vitro studies possibly allow the use of more standardised
procedures for testing a specific bonding system. However,
there is a great diversity of experimental conditions used for
bond strength testing.?

The aims of this study were to systematically review the
available literature about in vitro orthodontic bond strength
tests regarding bonding brackets to acrylic teeth and to anal-
yse which materials and technique/protocol present the high-
est success rate.

Methods

Published in vitro studies on orthodontic bond strength tests
regarding bonding orthodontic brackets to acrylic teeth were
included. No date or language limits were implemented.

A comprehensive electronic database search with no date
or language limits was conducted, and references in relevant
articles were searched manually for additional literature. Also,
the search was not restricted to any type of study design.

The following electronic databases were searched: MED-
LINE, PubMed, ClinicalKey, Lilacs and Web of Science. The
search strategy was focused on the following terms: ‘ortho-
dontic bracket’, ‘acrylic resins’, ‘crowns’, ‘dental bonding’, ‘pro-
visional material’, ‘provisional crown® and ‘acrylic”. MeSH
terms were used in the PubMed database (Table 1).

To be included in the review, the studies had to meet the
following selection criteria: in vitro investigation on the shear
(SBS) or tensile (TBS) bond strength of orthodontic brackets
evaluated and expressed in megapascals (MPa) and/or on the
adhesive remnant index (ARI); and studies with a clear expla-
nation of the bonding technique/protocol, the bonding mate-
rials and the type of surface acrylic material used.

Two reviewers independently screened the titles of the re-
trieved records, and those related to bond strength between the
orthodontic bracket and acrylic surfaces were included. The ab-
stracts of the selected publications were read. When an abstract
was considered relevant by at least one author, the correspond-
ing article was read. On a second stage, full-text articles of rele-
vant studies were obtained for eligibility and analysed consid-
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Table 1. Search strategy

Keywords/MeSH terms Literature search strategy Database
1 ‘orthodontic brackets’ [Mesh]
#1 AND #3
2 bracket” #1 AND #5
Pubmed
3 crowns’ [Mesh] #1 AND #3 AND #8
#1 AND #5 AND #8
4 crown”*
5 ‘acrylic resins’ [Mesh]
6 i #2 AND 4
acryhic #2 AND #6 ClinicalKey / Lilacs / WOS
; . . #2 AND #7
provisional material
8 ‘dental bonding’ [Mesh]

#, Search; Mesh, medical subjects heading ; *, truncation of a text word; WOS, Web of Science

ering the purpose of the present study. The articles of abstracts
with not enough relevant information were also obtained. The E
references of relevant publications were hand-searched, and all % diigg;zzig:;tciﬁf:gtgfggﬁ) Stugitiseirdse(ﬁgl:g(gl_r%ugh
articles containing the words ‘bond’ and ‘acrylic’ together with E Pubmed (n=689)
‘brackets’ were selected as additional relevant publications that Z oelinicalkey (n°769)

. . b} eb of Science (n=138)
could have been missed by the search engines. Book chapters, a Lilacs (n=64)
abstracts, letters and reviews were excluded since the aim of this y y

. . 1 . di Studies after title screened (n=28)
systematic review was to eva }1ate primary stu fes. ' o Studies excluded by i afier
The experimental conditions were categorised in a list of % duplicates removed (n=2016)
34 items. The two reviewers discussed those items before read- M
. . . I~
ing the full text in order to reach an agreement about the items g - v
to include. During the full articles reading, the reviewers inde- Studies screened by abstract (n=14) |
pendently assessed whether the experimental conditions
were reported in the study. Moreover, to minimise bias, the two Z
observers independently evaluated the validity of original % y
studies and read them twice in different times and sequences. O Pull-text articles assessed for eligibility (n=12) _ |
d Full-text articles excluded |
with reasons (n=2)
Results a v
[a)] Studies included in qualitative
. . . . 3 analyses (n=10)

The results of this review were described narratively. The search 2
results and the initial number of published studies presented by ~

the various databases are provided in Figure 1. Of the studies col-
lected from all the databases, 28 based on their title and 14 based
on their abstract, only 10 studies fulfilled the selection criteria
after being individually examined twice by the two reviewers. Tiwo
of the trials were rejected: one because it was decided to definite-
ly not include polycarbonate crowns as acrylic ones after review-
ers’ discussion, and the other because its authors showed bond
strength values in Newtons (N) rather than megapascals (MPa).
The experimental conditions for in vitro tests are shown in
Table 2. The selected studies on acrylic surfaces revealed no
data on tensile bond strength and, besides the inclusion crite-
ria items, the surface treatment and the crosshead speed were
the most frequently reported conditions for the shear bond test
(100%). Within the 10 selected studies, factors related to brack-
ets and samples storage were the second most relevant ones.
The 10 selected articles were categorised by topics, accord-
ing to the type of acrylic surface (n=5), type of surface treatment
(n=7), type of adhesive (n=5) and ageing samples protocols (n=3)
used.The aims and main results, as well as the statistical meth-

Figure 1. Search results followed in the review adapted
from Moher et al, 2009.°

ods of all 10 studies, are presented in Appendix 1. The variables
relevant to bond strength and the bond strength mean values
were summarised in Appendixes 2 and 3.

Type of acrylic surface (n=>5). Of the five publications consider-
ing different surfaces for orthodontic brackets bonding, two eval-
uated five different temporary crown materials, one evaluated
four and two evaluated three different materials. All studies?*>7:
included at least one group of bis-acryl/bis-GMA>*>7:8 composite
resins and one of an acrylic resin based on methacrylate (MMA),*
polymethyl methacrylate (PMMA)>>/:8 or poly ethyl methacrylate
(PEMA).>*’ One also included a resin based on urethane dimeth-
acrylate (UDMA).” All studies performed shear bond tests and
presented the mean results in MPa. Three revealed a significant
influence of the surface type on the bond strength of orthodon-
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Table 2. Experimental conditions

Experimental condition

Number / % of studies
reporting the experimental

condition
Substrate origin 10 100
Acrylic composition description 4 40
Surface treatment 10 100
Surfaces storage time before
bonding 1 10
Surfaces storage temperature before
bonding 1 10
Surfaces storage solution before
bonding 1 10
Bracket material 8 80
it metal 8 80
:: ceramics 1 10
Bracket area 5 50
Type of bracket 8 80
Type of etchant 8 80
Time of etching 7 70
Adhesive type 10 100
Amount of force at bracket 3 30
placement
Light device type 6 60
Total polymerization time 6 60
Light directions 4 40
Sample storage time 9 90
Sample storage solution 8 80
Sample storage temperature 8 80
Thermocycling 3 30
Thermocycling cycles 3 30
Thermocycling water baths
temperature 2 2
Shear testing as test method 10 100
Tensil testing as test method 0 0
Bond strength in MPa 10 100
Crosshead speed 10 100
ARI 5 50
Magnification used in determining
ARI 5 50
Failure mode 4 40
Surface roughness 1 10
SEM 2 20

Inclusion criteria

tic metal®*°> and ceramic brackets.* One also found significant
differences between the surface materials, but an interaction of
variables made results unable to be interpreted.® One study stat-
ed that the surface type did not influence bond strength.”

Type of surface treatment (n=7). Four studies evaluated three
different surface treatments,>>’-° two evaluated two pre-treat-
ments'®!! and one analysed 14 groups all with different sub-
strate treatments.’? The surface treatments applied were the
following: none (control),>'? polished with greenstone,” sand-
blasted,?*”11:12 silane,'” diamond bur,'%%%? 9.6% hydrofluoric
acid,'? 37% phosphoric acid,”*? monomer,>'? plastic condition-
er,"? silica carbide paper,?° pumice polishing paste,? pumice and
rubber cup’® and Laser Er:'YAG.” Sandblasting with 50-pm AL,0,
particles was performed in test groups of six studies. One study
used a diamond bur not to grid the acrylic but to create a win-
dow in order to enhance the mechanical adhesion.'* All studies
performed shear bond tests and presented the mean results in
MPa. Five studies identified bond strength as being influenced
by the surface treatment protocols.?>7-%11 One study related a
higher roughness to an increase in the bond strength.'? Anoth-
er study also indicated that bond strength was influenced by the
surface treatment but only for the light-cure composite resin.”

Type of adhesive (n=>5). Three articles reported a comparison
between the use of an acrylic resin and a light-cure composite
resin and between a bond metal bracket and an acrylic sur-
face.?1013 One article compared a composite resin with a cya-
noacrylate adhesive and Panavia™ used in different protocols.!
Another study evaluated the adhesion of a resin-reinforced
glass ionomer to metal and ceramic brackets and of a compos-
ite resin to acrylic substrates.* Bond strength was reported after
shear bond strength tests in MPa and was shown to be influ-
enced by the type of adhesive in four articles.?!%1112 Only one
study showed no influence of the adhesives on bond strength.*

Ageing samples protocols (n=3). Three studies evaluated the
influence of thermocycling fatigue tests on bond strength.?”:11
Two of them presented information on the number of cycles, the
temperature of the solution and the dwell time between baths.?’
One mentioned only the number of thermal cycles.'* All studies
performed 500 cycles of thermocycling fatigue tests to age the
study samples.>”-'! The shear bond strength was presented in
MPa and reported contradictorily by authors regarding its asso-
ciation with the thermocycling. One study stated an influence
of thermocycling on adhesiveness,? other did not'! and the third
indirectly suggested that influence.” In one study, the samples
were aged by storing them in distilled water at 35°C for a week
and the evaluation groups were stored for a whole month.”

Other relevant variables

- Adhesive remnant index (ARI) and failure mode. The adhe-
sive remnant index, firstly described by Artun and Bergland
(1984),'* was used in five studies?>#%10 to categorise the
amount of adhesive remaining on the substrate?>#° and/or
determine the adhesion failure mode.>° Three studies used
the ARI only for categorisation. Of those, one found an in-
consistent pattern but did not draw any conclusions based
on that,® and other only described the clinical situation by
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discussing the limitations of the ARI to characterise the frac-
ture.? Those two studies did not associate the ARI to bond
strength or surface. However, the third one found a qualita-
tive association between the ARI score and the effectiveness
of bracket/acrylic surface bond, and not a direct association
with the amount of bond strength or the bond failure
mode.’° One study® determined the adhesion failure mode
and showed different failure modes in PMMA (adhesive fail-
ures independently of storage time) and bis-acryl (adhesive
and cohesive failures at one-week storage and mostly cohe-
sive failure at one-month storage). Moreover, only one study
associated a reduction in bond strength with an interface
temporary crown/adhesive failure.® The failure mode was
reported by one article without index categorisation and
was found to be adhesive failure type in all specimens.*

- Surface roughness/ Scanning Electron Microscopy (SEM).
Two studies evaluated the surface roughness using scan-
ning electron microscopy (SEM) after different acrylic
surface treatments. One performed a quantitative anal-
ysis'? and the other a qualitative analysis.” One study
stated that the diamond bur created the highest rough-
ness on the acrylic followed by sandblasting, and that
etching and monomer or plastic conditioner applications
resulted in scarce acrylic alterations.?? The other publi-
cation only described the appearance of the surfaces
after three different surface treatments.’

- Storage time and solution. Storage methods were men-
tioned in all publications, except for one.'? Eight stud-
ieg?4>7:891012 pregented the storage time and solution
and one only the storage time.!?

- Crosshead speed. The included data showed the use of
diverse crosshead speeds in shear tests, namely, 0.5 mm/
min,>%101213 1 mm/min%’81! and 5 mm/min.*

Discussion

Great diversity was noticed in the experimental conditions
for bond strength testing. This situation had already been
stated in the literature for orthodontic brackets adhesion to
enamel® and ceramics.'* In the literature search performed by
the authors, no systematic review about the present issue
was found. Therefore, it was assumed that this would be the
first systematic review on the bond strength of orthodontic
brackets to provisional acrylic materials. However, a great di-
versity of experimental conditions on this issue was noticed,
and, because of that lack of standardisation, the studies could
only be evaluated individually.’

Even though the comparison between different methods
cannot be performed, the results can predict the mechanical
strength of the bracket to acrylic interfaces if factors are con-
sidered separately.

Clinically acceptable shear bond strength values were stat-
ed to be higher than 5.9 MPa.'®> However, bond strength to
acrylic provisional materials revealed values ranging from 0
MPa? to 19.82 + 2.93 MPa,'! depending on some factors. For
instance, the type of surface,?*° the treatment,>>”>11 the type
of adhesive®'%1113 and the thermal cycling?” were found to
cause differences in shear bond strength values.

Considering similar surfaces subjected to the same surface
treatment (sandblasting) and adhesive (light-cured bis-GMA-
based composite resin), bis-acrylic surfaces showed bond
strength mean values ranging from 3.75 + 0.08 MPa5 to
13.1MPa.? Some studies>’ obtained mean values that were not
clinically acceptable. On the other hand, one study2 found
higher values, which seems to be related to the type of surface
since it may provide a chemical cross-link with the bifunction-
al acrylates present on it. The better performance after ther-
mocycling could also be explained by the same reason. In ad-
dition, the authors reported the influence of the surface
treatment on the obtained results.

Sandblasting was evaluated as a surface treatment by oth-
er studies on this and other surfaces.>”*%:12 This type of sur-
face treatment showed to enhance more the adhesive strength
than other surface treatments like sandpaper SiC,%° mono-
mer,” etching’-'? and diamond bur.'? Laser Er:YAG irradiation
caused an even greater increase in bond strength in a study’
where authors used SEM to determine the surface roughness
after different surface treatments but did not conduct any
comparative description of the type of surface material used.
Other authors® measured the surface roughness after different
acrylic surface treatments. Results showed that the diamond
bur created the highest roughness on the acrylic, followed by
sandblasting, and that etching and monomer or plastic condi-
tioner applications resulted in scarce acrylic alterations.®

Bond strength was also influenced by the type of adhe-
sive.2101113 Acrylic resins performed better than composite
resins and the presence of cyanoacrylate enhanced both ma-
terials’ performance. This finding reinforces the idea that there
is a chemical bond important to increase the bond strength of
brackets to acrylic surfaces.

According to the obtained results, it seems plausible to
suggest that the chemical strength between the type of surface
and adhesive, as well as the mechanical strength provided by
the surface treatment, should be considered as intervening
factors in the deficit adhesion to provisional acrylic surfaces.

The results regarding the influence of thermocycling pre-
sented contradictory data.>”-'! However, it is still considered
as the reference technique for simulating ageing in the mouth
environment.*®

Since this review was on in vitro studies, other factors were
considered important for bond strength, such as samples stor-
age and crosshead speed. This is in agreement with a similar
study conducted on the bond strength of brackets to enamel.?
All the included publications provided storage methods, ex-
cept for one study that performed the shear test immediately
after the brackets bonding to the surfaces. In most studies, the
samples were kept in distilled water during at least one day at
37°C.24>7-1012 Only in one study was the storage time longer
since it was one of the variables in the study and considered
to be an important factor.

Crosshead speed has been controversially reported in the
literature. Its influence on the adhesion between brackets and
enamel®" or ceramics'® was reported in some papers. On the
other hand, other studies showed no influence.'®?° Little or no
data was found regarding the influence of crosshead speed on
acrylic surfaces. Even though the included studies used differ-
ent crosshead speeds,>*>’-1* none discussed this factor.
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Conclusions

Considering the limitations involved in the present literature
review, related to different methods used to assess the bond
strength of brackets to provisional surfaces and the type of
studies considered (in vitro), only indications can be drawn.
Low values of bond strength were observed for acrylic sub-
strates. Some studies reported shear bond strength values
below the clinically acceptable level. The type of surface
seems to influence the adhesion of brackets. Surface treat-
ments should be performed to improve the bond strength,
and sandblasting or laser irradiation should be considered.
The type of adhesive should be evaluated before bonding, to
consider the ones that improve the chemical adhesion for
brackets to bond to provisional acrylic surfaces.

The indications of the present study should be carefully
analysed and their extrapolation to the clinical practice should
take into account that they were drawn based on a review of
in vitro studies.
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