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Adhesive systems

for CAD-CAM
customised lingual
orthodontic brackets:
which one is better?

ABSTRACT

Aim Aesthetic orthodontic treatment demand is
constantly increasing also for patients in adolescent
age. New orthodontic protocols with CAD-CAM
customised bracket bases have been introduced for
lingual orthodontic therapy. The aim of the present
study was to compare the shear bond strength
(SBS) and Adhesive Remnant Index (ARI) scores of
customised lingual brackets bonded with different
adhesive systems.

Materials and methods Study design: Customised
CAD-CAM lingual bracket bases were tested for shear
bond strength and adhesive remnant index scores
using three different adhesive systems.

Sixty human permanent premolars were extracted for
orthodontic reasons and embedded in resin blocks.
Customised CAD-CAM lingual bracket bases were
prepared and bonded using a pre-mix chemical cure
adhesive (Transbond IDB), a chemical cure adhesive
system (Maximum Cure) and a dual-cure self-adhesive
resin cement (RelyX Unicem 2). All samples were tested
in shear mode on a Universal Testing Machine. SBS
and ARI scores were calculated. Statistics: Statistical
analysis included ANOVA and Tukey tests for SBS and
Chi squared for ARl Scores.

Results Dual-cure self-adhesive resin cement showed
significantly higher SBS values than pre-mix chemical
cure adhesive and chemical cure adhesive system
that showed no significant difference between them.
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No significant differences in ARl Scores were found
among various groups.

Conclusions Dual-cure self-adhesive resin cement
(RelyX Unicem 2) provides higher SBS values than
pre-mix chemical cure adhesive (Transbond IDB) or
chemical cure adhesive (Maximum Cure) and can be
recommended to obtain higher adhesion performances
of CAD-CAM lingual brackets.

Keywords Adhesive; Bond strength; CAD-CAM,;
Customised, Lingual bracket; Orthodontics.

Introduction

The request for orthodontic treatment is constantly
increasing in both adult and paediatric patients
[Giannattasio et al, 2015]. Lingual orthodontics has
been introduced for its high aesthetics compared with
conventional vestibular orthodontic technique. In fact
it allows treatment with a fixed orthodontic appliance
without being visible on the facial, exterior aspect of
the teeth. Lingual appliances have been developed in
response to increasing interest of adult and paediatric
patients in recent years. In orthodontic multibracket
fixed therapy, bond failure is a common complication
[Vicente et al., 2004]. This is a serious concern especially
when using lingual appliances [Lombardo et al., 2011].
Bond failure can influence chair time, treatment
duration, and total costs [Ziebura et al., 2014]. Shear
bond strength (SBS) can be modified by bracket base
design [Scribante et al.,, 2013], adhesive system used
[Attar et al., 2007] and unwanted water [Sfondrini et
al., 2013], saliva [Brauchli et al., 2010] or blood [Prasad
et al., 2014] contamination before bonding. Also,
adhesive remnant index (ARI) score is an important
factor to be considered in the selection of orthodontic
adhesive, as less adhesive remnant on the tooth has
been advocated for easier and safer removal of residual
resin after debonding [Montasser and Drummond,
2009].

SBS and ARI Scores of conventional [Bahnasi et al.,
2013], self ligating [Sfondrini et al., 2011, aesthetic
[lijima et al., 2010] buccal brackets has been widely
investigated, and some studies have been conducted
also for conventional lingual brackets [Lombardo et al.,
2011]. However, because of the wide variation in the
morphology of the lingual surface, the fabrication of
an individualised custom base for each lingual bracket
has been proposed to increase treatment precision
and minimize wire bending [Sung et al, 2013].
Recently, various computer technologies have been
applied and tested. A new protocol with CAD-CAM
customised bracket bases has been introduced for
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lingual orthodontic therapy [Knosel et al., 2014]. These
customised lingual brackets with an extended base
area are manufactured by gold alloy casting based on
computer-aided design using the 3D scanned data of a
tooth model.

In the literature only one study tested these new
customised brackets, investigating SBS using a single
orthodontic adhesive system [Sung et al., 2013]. To the
best of our knowledge there is no report that evaluated
SBS of Incognito customised lingual brackets testing
different adhesive systems.

Accordingly, the purpose of the present investigation
was to measure and compare the SBS and adhesive
remnant index (ARI) scores of CAD-CAM customised
brackets with three different adhesive systems. The null
hypothesis of the study was that there are no significant
differences in SBS values and debond locations among
the various groups.

Materials and methods

The present study was approved by the Unit
Institutional Committee Board. The research was
conducted in full accordance with the World Medical
Association Declaration of Helsinki. Authors obtained
written consent from all participants involved in the
study. The consent was written and approved by the
Unit Institutional Committee Board.

Sixty freshly human permanent premolars extracted
for orthodontic reasons were collected and stored in
a solution of 0.1 % (wt/vol) thymol. The criteria for
tooth selection included intact buccal enamel with no
cracks caused by extraction and no caries [Abu Alhaija
et al., 2012]. The teeth were cleansed of soft tissue and
randomly divided into three groups of 20 specimens
each according to the three different adhesives tested.
The teeth were aligned and inserted in alginate
impressions were taken to construct working models,
which allowed the teeth to be embedded in cold-
curing resin (ProBase Cold, Ivoclar Vivadent, Schaan,
Liechtenstein). The working models were sent to the
laboratories for the fabrication of Incognito customised
lingual brackets (TOP-Service fur Lingualtechnik GmbH,
3M company, Bad Essen, Germany). These brackets
were produced with CAD-CAM customised bases,
which were manufactured by gold alloy casting based
on computer-aided design using the 3D scanned
data of a tooth model. As shown in Figure 1, during
production, bracket slot and wings were replaced with
a cylindrical pylon in order to standardise debonding
procedure and shear force application.

Subsequently the specimens were placed into transfer
trays to facilitate bonding procedure. Brackets were
divided into three groups (n=20 each) and bonded with
three different adhesive systems (Group 1 Transbond
IDB; 3M Unitek, Monrovia, California, USA; Group 2,
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FIG. 1 Customised lingual bracket base modified for shear
testing.

Maximum Cure, Reliance Orthodontic Products, Itasca,
lllinois, USA; Group 3: RelyX Unicem 2 Automix; 3M
Unitek, Monrovia, California, USA) bonded according
to manufacturers’ instructions.

For all the groups, before bonding, the labial surface
of each incisor was cleaned for 10 seconds with a
mixture of water and fluoride-free pumice in a rubber
polishing cup with a slow-speed handpiece. The enamel
surface was rinsed with water to remove pumice
or debris and then dried with an oil-free air stream.
The teeth were sandblasted (27 pm aluminium oxide
powder) and then etched with 37% phosphoric acid
gel (Orthophosphoric acid gel, 3M Unitek, Monrovia,
California, USA) for 30 seconds, followed by thorough
washing and drying.

In Groups 1 (Transbond IDB) and 2 (Maximum Cure)
self-curing adhesive systems were applied both onto
bracket bases and to tooth surfaces. The transfer trays
with the brackets were then seated on teeth with firm
pressure for three minutes. Subsequently transfer trays
were removed.

In Group 3 (RelyX Unicem 2) dual curing adhesive
system was applied onto bracket bases. The transfer
trays with the brackets were then seated on teeth
and each specimen was light cured (Ortholux XT, 3M
Unitek, Monrovia, California, USA) for 10 seconds
from the mesial and distal side (total curing time: 20
seconds). Subsequently transfer trays were removed.

After bonding, all samples were stored in distilled
water at room temperature for 24 hours and then
tested in a shear mode on a Universal Testing Machine
(Model 3343, Instron Industrial Products, Grove City,
PA USA). The specimens were secured in the lower jaw
of the machine so that the bonded bracket base was
parallel to the shear force direction.

The specimens were stressed in an occlusogingival
direction at a crosshead speed of 1 mm per minute,
as in previous studies [Sung et al., 2013; Abu Alhaija et
al., 2013]. The maximum load necessary to debond or
initiate bracket fracture was recorded in newtons and
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Group | Adhesive system Product n Mean SD Min Mdn Max Tukey*
1 Dual-cure self-adhesive | Transbond | 20 114,44 31,74 67,70 101,98 189,35 A
resin cement DB (3.53) (0.96) (2.37) (3.42) (6.06)
2 Pre-mix chemical cure | Maximum | 20 | 94,74 28,69 48,67 89,69 159,83 A
adhesive Cure (3.05) (0.64) (1.95) (3.12) 4.31)
3 Chemical cure adhesive | RelyX 20 | 290,41 133,99 87,28 330,88 592,68 B
Unicem 2 (9.52) (5.14) (3.51) (9.53) (26.94)
*: Tukey grouping. Means with the same letters are not significantly different.
TABLE 1 Descriptive statistics of shear bond strength of the three groups tested measured in newtons (megapascal).
Groups | Adhesive |n | ARI=0 |ARI=1 |ARI=2 |ARI=3 |EF*
800 system
1 Transbond |20 | 0 17 0 0 3
600 L IDB
c 2 Maximum |20 | 0 15 4 0 1
*g 400 Cure
z 3 RelyX 20 |2 12 0 0 6
200 - Unicem 2
—T— *: EF - Enamel Fracture.
0

Transbond IDB Maximum Cure

Adhesive

Relyx Unicem

FIG. 2 Box plot of shear bond strength (MPa) of the different
groups.

then converted into megapascals as a ratio of newtons
to surface area of the bracket [Sfondrini et al., 2013].
After bond failure, the bracket bases and the enamel
surfaces were examined under an optical microscope
(Stereomicroscope SR, Zeiss, Oberkochen, Germany)
at 20 x magnification. The ARI was used to assess the
amount of adhesive left on the enamel surface [Liu
et al., 2014]. This scale ranges from 0 to 3. A score
of 0 indicates no adhesive remaining on the tooth; 1
indicates less than half of the adhesive remaining on
the tooth; 2 indicates more than half of the adhesive
remaining on the tooth; and 3 indicates all adhesive
remaining on the tooth with a distinctive mesh imprint
remaining. The ARI scores were used as a more
complex method of defining bond failure site among
the enamel, the adhesive, and the bracket base.

Statistical analysis was performed with R Software (R
version 3.1.3, R Development Core Team, R Foundation
for Statistical Computing, Wien, Austria). Descriptive
statistics, including the mean, standard deviation,
median, and minimum and maximum values were
calculated for all groups.

The normality of the data was calculated using
the Kolmogorov-Smirnov test. Analysis of variance
(ANOVA) was applied to determine whether significant
differences in debond strength values existed among
the groups. Tukey's test was used as post-hoc. The
chi-square test was used to determine significant
differences in the ARI scores among the different
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TABLE 2 Frequency of distribution of Adhesive Remnant Index
scores (%).

groups. Unpaired t test was pairwise applied to assess
significant differences in fracture scores frequency
among various groups.

Significance for all statistical tests was predetermined
at P < 0.05.

Results

Shear bond strength values were recorded in newtons
and then converted into Megapascals. Descriptive
statistics are presented in Table 1. ANOVA showed the
presence of significant differences among the various
groups (P < 0.0001). Post-hoc Tukey testing showed
that Groups 1 and 2 showed no significant difference
in shear bond strength values between them (P>0.05).
Both groups exhibited significantly lower shear strength
values than Group 3 (P < 0.05) (Fig. 2).

The results of ARI scores are presented in Table 2.
The chi-squared test showed a higher frequency of AR
score of “1” for all the groups tested. No significant
differences were reported among various groups
(P>0.05). When comparing fracture rates, Group 3
showed a significantly higher fracture rate than Group
2 (P<0.05). No significant difference in failure rate
between Groups 1 and 2 was reported (P>0.05).

Discussion

The null hypothesis of the study was rejected. As
showed in Figure 2, dual-cure self-adhesive resin cement
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(Group 3 - RelyX Unicem 2) showed significantly higher
shear bond strength values than pre-mix chemical cure
adhesive (Group 1 - Transbond IDB) and chemical cure
adhesive (Group 2 - Maximum Cure). This is probably
due to the different composition of the three adhesive
systems tested. In fact during orthodontic treatment,
bonding between the bracket base and the enamel
surface must be strong enough to withstand stresses
and shear forces. Failure of the bonding technigue,
lack of retention of the bracket base and masticatory
forces also contribute for displacement of orthodontic
accessories, which creates a common problem in
orthodontic clinical practice that causes disturbance,
delays the treatment and increases its costs [Artun and
Bergland, 1984].

CAD-CAM  customised lingual brackets have
been previously tested evaluating torque expression
[Tavares et al., 2006], microstructural and mechanical
characterisation [Lossdorfer et al.,, 2014] and root
control [Zinelis et al., 2013]. Only one study evaluated
shear bond strength of customised lingual brackets,
evaluating one single adhesive system [Sung et al.
2013] showing similar shear bond strength values.

In the present investigation three different adhesive
systems were tested: pre-mix chemical cure adhesive
(Group 1 - Transbond IDB), chemical cure adhesive
(Group 2 - Maximum Cure) and dual-cure self-adhesive
resin cement (Group 3 - RelyX Unicem 2).

Maximum Cure is a chemical cure adhesive system
used for indirect orthodontic bonding. This mix
adhesive, the most popular of the chemical cure
systems [Lossdorfer et al., 2013], requires the mixing
of two liquids (bonding resin). A thin coat of the mixed
adhesive has been applied both to each custom resin
base in the indirect bonding tray and to tooth surface.
Previous authors showed bond strength of 180 - 220N
when bonding orthodontic brackets [Cal-Neto et al.,
2011].

Also Transbond IDB is a pre-mix chemical cure
adhesive and its resin consists of the dimethacrylate
monomers Bis-GMA and TegDMA. Transbond IDB has
not been tested in literature for indirect orthodontic
bonding yet.

RelyX Unicem 2 is a dual cure self-adhesive resin
cement, so the acidic nature of the phosphorylated
methacrylate allows for demineralisation of the tooth
surface and penetration of the cement into the tooth
surface. The polymerisation reaction can be begun
by exposure to light or using an oxidation-reduction
self-cure mechanism, and proceeds in the same way
as those for composite materials. Once polymerised,
micromechanical retention is achieved between the
cement and the tooth [Cal-Neto et al., 2011].

Previous studies evaluated RelyX Unicem 2 for direct
bonding in orthodontics [Hikita et al., 2007], indirect
restorations [Correr et al., 2013], fibre post application
[Lefever et al., 2012]. In literature, to our knowledge,
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there are no studies that evaluated RelyX Unicem 2 for
indirect orthodontic bonding.

The different composition of the adhesives tested
in the present investigation can partially explain the
significant variation reported in shear bond strength
values among the three groups. Both Maximum
Cure and Transbond IDB are chemical cure adhesives,
whereas RelyX Unicem 2 is a dual cure adhesive. In
fact the organic matrix of this self-adhesive universal
resin cement is made of multifunctional phosphoric
acid methacrylate. This leads to a high degree
of polymerisation and cross-linking. In addition,
phosphorylated units condition the tooth structure and
allow for self-adhesion [Mancebo et al., 2010].

Finally, in the present investigation ARl Scores were
analysed. An ARI score of O means a higher adhesion
of the bonding system more to the bracket base than
to the tooth upon removal. This involves less time to
remove adhesive from the tooth. In contrast, an ARI
score of 3 indicates failure between the bracket and
adhesive, with less risk of enamel fracture during the
debonding process [Sung et al. 2013]. The results of the
present investigation demonstrated a higher frequency
of ARI score “1" for all the groups tested showing a
mixed adhesion modality. Some enamel fractures were
reported. These are probably due to the presence of
pad wings in the occlusal part of the bracket, so the
application of a vertical force can induce enamel cracks.
Chemical cure adhesive (Group 3 - RelyX Unicem 2)
showed a significantly higher fracture rate than pre-
mix chemical cure adhesive (Group 2 — Maximum
Cure). No significant difference in failure rate between
pre-mix chemical cure adhesive (Group 2 — Maximum
Cure) and dual-cure self-adhesive resin cement (Group
1 — Transbond IDB) was reported in the present
investigation. Previous studies in literature indicated
events of enamel fractures after SBS tests. Specimens
fractured were reported while testing ceramic brackets
[Gittneret al., 2012] or conventional brackets bonded
with Bis-GMA/TEGDMA resin [Durrani et al.,, 2012]
and dimethacrylate-based resin [Kim et al., 2015]. In
the present report the dual cure adhesive (Group 3)
presented significantly higher fracture rate than other
chemical-cure adhesives (Groups 1 and 2). As for shear
bond strength values, this could be due to the high
degree of polymerisation and cross-linking of dual-
cure adhesives [Lefever et al.,, 2012]. On the other
hand other authors pointed out that the risk of enamel
fracture may depend on the individual debonding
procedure [31. Holberg et al., 2014]. Moreover one
last factor has to be considered. In fact no studies
that evaluated conventional lingual brackets reported
enamel fractures [Lombardo et al., 2011] and the lack of
studies with CAD-CAM customised brackets does not
allow a direct comparison with previous results about
this concern. However it is possible to hypothesise
a relation between the presence of occlusal pads
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(present only in CAD-CAM customised brackets and
not in conventional lingual brackets) and the increased
enamel fracture risk.

As the requests for lingual orthodontics is increasing
in patients of all ages, future investigations are needed
to conduct more tests about CAD-CAM customised
brackets with different adhesive systems in order to
confirm the present results. Moreover also long-term
clinical studies are needed to evaluate the influence of
other factors affecting bond strength such as saliva,
masticatory forces and blood contamination of enamel
surface that could reduce final bond strength efficacy.

Conclusions

This study demonstrated that when testing CAD-
CAM customised lingual brackets:

1. Dual-cure self-adhesive resin cement showed
significantly higher SBS values than pre-mix chemical
cure adhesive and chemical cure adhesive system, that
showed no significant difference between them.

2. No significant difference in debond locations were
reported among various groups.

3. Higher enamel fracture frequency has been
reported with dual-cure self-adhesive resin cement.
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