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ABSTRACT
Background: The purpose of this study was to compare the Shear Bond Strengths (SBS) of three types of orthodontic adhesives
and to compare the Adhesive Remnant Index (ARI) after debonding.
Materials and Methods: One hundred and seventy-four upper central incisors were extracted and randomly divided to 6
groups (n=29) based on the type of adhesive and two-time intervals post bonding (30 minutes (T1) and 24 hours (T2)): 1)
Transbond XT™ 2) BracePaste®, 3) GoTo™. Stainless steel orthodontic brackets were bonded to the teeth. Debonding was
completed by an instron machine and shear bond strength recorded together with the ARI following examination under stereo
optical microscope with magnification of 10x. Normal distribution was tested using histograms, box plots, the Shapiro-Wilks
test and the Kolmogorov-Smirnov’s test. The linear correlation between shear bond strength and ARI score was measured
using Pearson’s correlation coefficient by individual test groups and for pooled data. To examine significance of ARI score by
group multiple chi-square testing was used. All the analyses were carried out using SPSS version 25.0 and Stata version 15.0.
Results: The bond strength of Transbond XT™ was the highest and the strengths at T1 and T2 were not statistically different.
The statistical significance was set at 5%. The bond strength of GoTo™ adhesive significantly increased from T1 (200.49N ±
49.77) to T2 (234.89N ± 39.83). BracePaste® showed a statistically significant reduction of its bond strength after 24 hours;
165.07 ± 22.56, down from 187.40N ± 36.90 at T1. This was also significantly less than for the former two adhesives. Water ageing of
24 hrs had a positive impact on Transbond™ and GoTo™ but a negative one on BracePaste®. Transbond XT™ showed the highest
score of 3 for ARI at T1 70% and T2 46% followed by GoTo 52% and 35% and BracePaste® 48% and 33%.
Conclusion: Transbond XT™ and GoTo™ adhesives showed superior SBS at T1 and showed statistically higher SBS at T2
than for BracePaste®.
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INTRODUCTION
Adhesive bond strength is of importance in the successful practice
of orthodontics as continuous failure of orthodontic appliances
increases the cost of treatment, lengthens treatment time [1] and
affects chair side time [2]. Anterior masticatory forces range between
13 kg-15 kg while posterior masticatory forces can exceed 30 kg [3].
An ideal adhesive should exhibit acceptable shear bond strength
to withstand functional forces during orthodontic treatment, and
simultaneously allow bracket removal without causing iatrogenic
damage to the enamel surfaces. A minimum recommended clinical
bond strength of 5.9 MPa-7.8 MPa has been previously suggested [4].
The bonding of most orthodontic components is carried out
using composite materials. Aesthetics, speed, and comfort are the
principal reasons for the popularity of these materials [4].

Alternative materials such as glass ionomer cements have been
suggested in research and clinical practice although with less
success due to their inferior mechanical properties. Most clinicians
prefer composite resins for the attachment of orthodontic brackets
to teeth [5].
Following the introduction of the acidetch technique [6] and the
direct bonding of orthodontic brackets by Newman 1965 [7], a
variety of adhesive materials been introduced for clinical use. Early
generations of composites were chemical-cure; however, clinicians
were unable to adequately control the setting time. The first in vitro
study by Tavas et al. [8] examined the use of an ultraviolet curing
light to polymerise composite resins when orthodontic bonding.
This breakthrough allowed clinicians enough chairside time to
accurately position brackets.
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The aims and objectives of this study were to compare the Shear
Bond Strength (SBS) and failure response of Transbond XT™,
GoTo™ and BracePaste® in vitro. The effect of time on their bond
strength at T1, 30 minutes post bonding and at T2, 24 hours
post bonding was also assessed. In previous studies, Transbond
XT™ has shown superior bond strength in comparison to other
composite resins [9-12]. BracePaste® and Go-To™ adhesives have
been introduced to the market more recently, but there has been
no studies comparing bond strength of the three materials.
The null hypotheses (H0) was that there is no difference in the SBS
between the three tested adhesives and that there is no difference
in the failure response denoted by the Adhesive Remnant Index
(ARI) between same three tested adhesives at p<0.05.

METERIALS AND METHODS
One hundred and seventy-four previously extracted and intact
upper central incisors were collected. The exclusion criteria ruled
out teeth with caries, restorations, enamel hypoplasia, enamel
defects, and cracks. All teeth were directly examined under normal
surgery light and those exhibiting enamel infractions were excluded
from the study [13].
In accordance with research guidelines, no ethical committee
approval was needed for this study due its in vitro nature. All teeth
obtained were previously extracted due to clinical reasons and
consent was obtained at the clinical stage from patients prior to the
extraction procedure.
All collected teeth were immersed in distilled water containing
thymol crystals (0.1% weight/volume) to inhibit bacterial growth.
All the samples were stored in dark conditions at 10°C ± 5°C [14].
The teeth were then embedded in silicon rubber moulds filled with
cold cured acrylic to a level 1 mm apical to the cement enamel
junction. Following embedding, all the sampled teeth were checked
for parallelism of their labial surface using an analysing rod.
The bonding procedure was standardised and 37% phosphoric
acid was applied to the enamel surface for 30 seconds and rinsed
with water for 20 seconds before drying with oil-free compressed
air until the tooth surface appeared frosted. Transbond XT™
primer (3M Unitek, Monrovia, CA, USA) was applied and gently
distributed with an oil-free compressed air to ensure that a thin
layer of primer remained on the surface. Specimens were then light
cured with light (XL 3000 3M Dental Products, Model 5530-134)
for 10 seconds.
Teeth were randomly allocated to 6 groups of 29 each. For all samples,
upper central incisor metal brackets (94 upper right and 80 upper
left) were bonded (Victory series™, slot size 0.022” × 0.028”, MBT
Appliance System Prescription, 3M/Unitek, Monrovia, CA, USA).
Group 1: Transbond XT™ light cure orthodontic adhesive was
applied and tested for shear bond strength 30 minutes post bonding
Group 2: Transbond XT™ light cure orthodontic adhesive applied
and tested for bond strength 24 hours post bonding
Group 3: BracePaste® light cure orthodontic adhesive used
(American orthodontics, Washington, USA) and tested for bond
strength 30 minutes post bonding
Group 4: BracePaste® light cure orthodontic adhesive applied and
tested for bond strength 24 hours post bonding
Group 5: GoTo™ light cure orthodontic adhesive used (Reliance
orthodontics, IL, USA) and tested for bond strength 30 minutes
post bonding.
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Group 6: GoTo™ light cure orthodontic adhesive used and tested
for bond strength 24 hours post bonding.
Table 1 shows the manufacturer’s details of the components of the
three different orthodontic adhesives used [15].
All brackets were coated with a small layer of adhesive, positioned
and subjected to 300 g of force using a force gauge (Correx Co,
Bern, Switzerland) for 10 seconds as described by Bishara et al.
[16]. Excess bonding resin was removed using a small scaler. An
Extech force gauge (Model:475040, FLIR Commercial System, 9
Townsend West, Nashua, NH 03063, USA) was used to ensure a
uniform pressure and adhesive thickness.
The adhesives were cured with a 3 M Elipar S10 light curing unit
with a wavelength of 430 nm-480 nm and an intensity of 1200
mW/cm2. The tip of the light cure unit was placed as close as
possible to the bracket and cured on both proximal aspects for 10
seconds each side.
The samples to be tested at 24 hours were stored in distilled water
in an incubator at 37°C before testing. The remaining samples
were prepared for the chisel shear test 30 minutes post bonding.
The specimens were mounted in an Instron testing machine
(Model 5569a, Instron Cooperation, 825 University Ave,
Norwood, MA, 02062-2643, USA). A crosshead speed of 0.5 mm/
min was occlusogingivally applied to the base of the bracket using
a chisel. The force required to dislodge the bracket was measured
in Newtons (N).
During the shear bond test, 19 of the specimens were excluded
as either the acrylic or the enamel surfaces fractured. Four of the
failures were in group 3, four were in group 5, five were in group
1, two were in group 4, one in group 6 and three were in group 2.
The results of each test were recorded digitally using Bluehill® 2
software (Norwood, MA, USA). The bond strength in Newtons
was then calculated on the basis of a bracket area of 9.01 mm2.
The Adhesive Remnant Index (ARI) by Årtun and Bergland [17]
shown in Table 2, was used for the assessment of residual adhesive
and the site of bond failure. All debonded enamel surfaces
were examined under a stereooptical microscope at ten times
magnification [17].
Sample size calculation
A power calculation for this study was based on an Analysis of
Variance (ANOVA) for comparing the mean bond strength
Table 1: Description of the adhesive materials used.
Brand name
manufacturer

Monomer

Filler

Percentage of
inorganic fillers

Bis-GMA and
Bis-EMA particles
Bis-EMA are used as resin
TD
fillers. Silanated
quartz, silaneted
silica

72%

GoTo, Reliance
Orthodontics, IL, USA

Not
available

UDMA, BisGMA

N/A

Transbond XT, 3M,
Unitek, CA, USA

Bis-EMA,
Bis-GMA

Silaneted quartz,
silaneted silica.

70-80%

BracePaste American
Orthodontics,
Sheboygan, WI, USA

Key: Bis-GMA: Bisphenol A-glycidyl Dimethacrylated; Bis-EMA:
Ethoxylated
Bisphenol
Adimethacrylate;
UDMA:
Urethane
Dimethacrylate; TD: Tetramethylene Dimethacrylate
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between 3 different adhesives at two time points. A study with an
effect size of 0.3 and a power of 80% was estimated to require a
total sample of 111 (19 per adhesive per time point) to test the
principal and interactive effects of mean bond strength at the 5%
level of confidence, using two tailed tests. The power calculation
was carried out using G*Power software 3.1.9.2.
Statistical analysis
The difference in mean bond strengths between the adhesives at
different times and their interactions were compared using linear
models after confirming normal distribution. Normal distribution
was tested using histograms, box plots, the Shapiro-Wilks test and
the Kolmogorov-Smirnov’s test. The statistical significance was set
at 5%.
The linear correlation between shear bond strength and ARI score
was measured using Pearson’s correlation coefficient by individual
test groups and for pooled data. To examine significance of ARI
score by group multiple chi-square testing was used. All the analyses
were carried out using SPSS version 25.0 and Stata version 15.0.
Table 2: The Adhesive Remnant Index (ARI) by Årtun and Bergland [17].
0

No adhesive on the tooth

1

<1/2 of the adhesive on the tooth

2

>1/2 of the adhesive left on the tooth

3

All adhesive left on the tooth and distinct impression of the bracket
mesh

Table 3: Summary statistics of bond strength in Newtons, for various
adhesives and different times.
Time

Adhesive

30
minutes
(T1)

BracePaste®

25 187.40 (36.90) 190.55 (108.12, 280.63)

GoTo™

25 200.49 (49.77) 191.52 (125.99, 294.87)

24 hours

n

Mean (SD)

Median (min, max)

Transbond XT™ 24 233.34 (49.76) 229.18 (150.20, 323.51)
BracePaste®

27 165.07 (22.56) 163.41 (127.72, 203.92)

GoTo™

28 234.89 (39.83) 234.20 (167.66, 298.36)

Transbond XT™ 26 252.53 (39.72) 257.77 (193.06, 320.22)
Key: n: Number; SD: Standard Deviation; Min: Minimum; Max:
Maximum
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RESULTS
The bond strengths of Transbond XT™ at T1 and T2 were not
statistically different; however, the bond strength for GoTo™
adhesive significantly increased from T1 (200.49N ± 49.77) to T2
(234.89N ± 39.83). BracePaste® showed a statistically significant
reduction in bond strength after 24 hours at T2 to 165.07 ± 22.56,
down from 187.40N ± 36.90. These strength values were statistically
significantly lower than for Transbond XT™ and GoTo™. Table
3 below show the mean bond strengths at T1 and T2 and the
comparison between the different adhesives’ bond strengths at T1
and T2 respectively.
Table 4 also highlights that at 30 minutes, there was a statistically
significant difference in bond strength between GoTo™ and
Transbond XT™; however, this difference was nullified at 24 hours,
T2. At 30 minutes there was a statistically significant difference in
bond strength between BracePaste® and Transbond XT™ and this
difference was consistent throughout the observation period until
T2. The bond strength difference for BracePaste® and GoTo™ at
Table 4: Results of linear model for comparing bond strength between
adhesives and time.
Factor

Effect 95% confidence interval

P-value

At 30 mins
BracePaste® vs GoTo™ -13.09

-35.74 to 9.55

0.26

BracePaste vs
TransBond XT™

-45.94

-68.82 to -23.06

<0.0001*

GoTo™ vs Transbond
XT™

-32.85

-55.73 to -9.97

0.005

BracePaste® vs GoTo™ -69.81

-91.41 to -48.42

<0.0001*

®

At 24 hours
BracePaste vs
TransBond XT™

-87.45

-109.45 to -65.45

<0.0001*

GoTo™ vs Transbond
XT™

-17.64

-39.44 to 4.17

0.112

®

Between Time points (30 mins vs 24 hours)
BracePaste®

22.32

0.10 to 44.54

0.049*

GoTo™

-34.4

-56.43 to -12.37

0.002*

Transbond XT™

-19.19

-41.85 to 3.47

0.1

*Denotes statistically significant

Figure 1: Estimated marginal mean of bond strengths for different adhesives at two time points. There was a statistically significant increase in bond
strengths over time for GoTo™ and a significant decrease in bond strengths over time for BracePaste®. However, the difference in bond strength for
Transbond XT™ at 30 min and 24 hours was not significant.
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Table 5: Frequency distribution of ARI at 30 minutes in each adhesive
group.
Material
BracePaste

Index 0

Index 1

Index 2

Index 3

0%

20%

32%

48%

GoTo™

4%

0%

44%

52%

Transbond XT™

4.20%

4.20%

20.80%

70.80%

®

Table 6: Frequency distribution of ARI at 24 hours in each adhesive group.
Material

Index 0

Index 1

Index 2

Index 3

BracePaste®

0%

10.70%

35.70%

53.60%

GoTo™

0%

3.70%

33.30%

63.00%

Transbond XT™

7.70%

3.80%

42.30%

46.20%

30 minutes was not significant; however, the difference became
significant at 24 hours.
Figure 1 illustrates the above findings with the adhesives’ mean
bond strength variation over time between T1 and T2.
*Denotes statistically significant.
The adhesive remnant index for all groups at 30 minutes, showing
no association between the adhesive index and the materials at 30
minutes (p=0.07) is tabulated in Table 5, whilst Table 6 summarises
the adhesive remnant index for all groups at 24 hours. There was
no association between the adhesive index and the materials at 24
hours (p=0.15).

DISCUSSION
The introduction of the acidetch technique to the practice
of orthodontics fostered the development of resin materials.
Since then, numerous adhesives have been commercialised and
introduced to the market with claims of achieving an ideal bond
strength. The light cure resins used in this study were Transbond
XT™, GoTo™ and BracePaste®.
Transbond XT™ bond strength has been well researched and
documented in past literature [9,10,12].
The GoTo™ adhesive has been recently launched onto the market
with no evidence of superiority. BracePaste® is also a comparatively
new orthodontic adhesive. Its main active components are BisEMA, Ethoxylated bisphenol A-dimethacrylate and TD: Tetramethylene dimethacrylate.
The manufacturer claims comparable bond strength to Transbond
XT™ as the Bis-GMA and Quartz Silica components are similar.
The resin’s increased viscosity has been proposed to aid positioning
and prevent ‘drifting’ of the brackets. However to date, no clinical
trials have been conducted to analyse its shear bond strengths
and efficiency and the manufacturer’s claims remain scientifically
unfounded.
Bond strength values of 6 MPa-8 MPa have been determined as
clinically acceptable by Reynolds and many others [18]; however,
caution needs to be applied when interpreting results of in vitro
studies, due to the potential higher strength readings in comparison
to in vivo situations [12,19,20]. Intra-oral variable factors such as
saliva, masticatory forces and acid which can lead to shear bond
strength reduction that are not accounted for in laboratory
studies [21].
The results of this study showed that the highest bond strength
values at both 30 minutes and 24 hours were achieved with
Dentistry, Vol. 10 Iss. 7 No: 568
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Transbond XT™ (233.34 N ± 49.76 at 30 minutes and 252.53
N ± 39.72 at 24 hours). GoTo™ showed slightly lower values at
200.49 N ± 49.77 at T1 and 234.89 ± 39.83 at T2. There was no
statistically significant difference between GoTo™ and Transbond
XT™.
BracePaste® demonstrated the lowest bond strength values (187.40
N ± 36.90 at 30 minutes and 165.07 N ± 22.56 at 24 hours).
The differences in bond strength between the three different
composite resins could have arisen due to differences in filler
content and resin composition. A high concentration of filler
particles of different sizes leads to better mechanical properties,
with lower polymerisation shrinkage and a higher degree of cure.
The strongest bond for metal orthodontic brackets is achieved
with adhesives containing highly filled Bis-GMA diacrylate resin
[22]. Transbond XT™ has been widely used for comparison and
the bond strength values of this material achieved here are in
accordance with previous studies [11,23]. There have been no
previous studies comparing the bond strengths of GoTo™ and
BracePaste® adhesives.
The bond strengths of GoTo™ and Transbond XT™ groups
increased favourably between T1 and T2 which is similar to the
findings reported by Bishara et al. and Alexandra et al. [16,23]. The
increase in bond strength with time arises after the initial release of
free radicals at the periphery of the resin and the internal diffusion
of the free radicals occur over time, which results in further
polymerisation of the resins under the bracket base [24].
BracePaste® not only exhibited lower shear bond strengths, it also
showed a significant reverse correlation between bond strength
value and time. At T2, the bond strength value was significantly less
than at T1. This negative correlation with time could have arisen
due to hydrolysis of the adhesive following exposure to fluids. This
exposure resulted in a degradation of the material and a decrease
in the mechanical properties.
In this study, 90% of all brackets debonded with an ARI score of
2 and 3 at both T1 and T2. Only 10% had an ARI score of 0 or
1. Low ARI scores (0 or 1) could be deemed advantageous due
to the reduced amount of adhesive needed to be removed from
the tooth surface [16,25,26]. In contrast, higher ARI scores of
and 2 and 3 could be unfavourable due to the increased need of
prolonged adhesive removal resulting in enamel damage [27-29].
Contemporary evidence by Faria et al. [30] suggests that there is
no evidence to suggest iatrogenic damage following a debonding
procedure as newer aluminium oxide disc polishing system has
shown to remove adhesive without significantly damaging the
tooth surface. Higher ARI scores (2 or 3) may be more desirable in
clinical orthodontics.

CONCLUSION
Transbond XT™ appeared to offer the best shear bond strength
which may have a positive translation to the clinical setting. The
second best adhesive’s shear bond strength was GoTo™ followed
by BracePaste®. This superiority was proved at both T1 and T2
timescales. This study further suggests that Transbond XT™ and
GoTo™ displayed comparable bond strengths and the difference
in bond strengths was not statistically significant. The difference
between these two adhesives was even closer after 24 hours and
the strengths for both adhesives increased between T1 and T2.
This study allows clinicians to consider GoTo™ as a more cost
effective alternative adhesive to Transbond XT™ without affecting
4
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the clinical performance expectations. Clinicians could also advise
patients that the strength of adhesive used increases with time and
extra caution should be taken with the diet in the first 24 hours
following placement of fixed appliances.
The specific conclusions of this study includes the following:
• No statistically significant difference was found between SBS
of GoTo and BracePaste at 30 minutes
• Statistically significant differences between SBS of BracePaste
vs Transbond XT and GoTo vs Transbond XT at 30 minutes
• No statistically significant difference was found between SBS
of GoTo vs Transbond XT at 24 hours
• Statistically significant differences between SBS of BracePaste
vs GoTo and Transbond XT at 24 hours
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