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Objectives: Bonding of orthodontic attachments to enamel is essential in
orthodontic treatment. This study aimed to assess the shear bond strength (SBS) of
orthodontic eyelets to the enamel surface using a moisture-resistant self-adhesive
resin cement under isolation in comparison with saliva and blood contamination.

Materials and Methods: This in vitro experimental study used 78 sound human
premolars extracted for orthodontic purposes. Brackets were bonded to the teeth
with either Transbond XT or Embrace WetBond in isolated conditions and also in
presence of blood and saliva contamination. The samples were subjected to
thermocycling, and then the SBS of the eyelets attached to the enamel was
measured in each group. The adhesive remnant index (ARI) was also determined
under a stereomicroscope. Data were analyzed by two-way ANOVA, Tukey’s test,
and Kruskal-Wallis test (alpha=0.05).

Results: The SBS of Transbond XT group was significantly higher than Embrace
WetBond group under isolation and contamination with saliva and blood
(P=0.000). In both adhesives, the SBS under isolated conditions was significantly
higher than that in presence of blood and saliva contamination (P=0.000). There
was a significant difference between the isolation and blood and saliva
contamination groups regarding the ARI scores (P<0.05).

Conclusion: Transbond XT adhesive yielded a stronger bond than WetBond
Embrace in both situations; however, it appears that Embrace WetBond can also
provide satisfactory results and minimize enamel damage during debonding.
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INTRODUCTION

Successful bonding of orthodontic brackets
and attachments to tooth enamel is imperative
in orthodontic treatment [1, 2]. The type,
composition, and curing mode of adhesives,
duration of etching, concentration of etchant,
bracket base design, force application
mechanism, and testing environment are
among the variables that affect the bond

strength of brackets to the enamel surface [3].
The bond strength of orthodontic brackets to
the enamel surface should be strong enough to
resist the applied forces to prevent debonding.
At the same time, it should not be too strong to
allow safe debonding upon completion of
treatment with no damage to the enamel
surface. According to Zachrisson [4],
contamination is one of the main causes of
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orthodontic bond failure.

Surgical exposure of impacted teeth and
subsequent orthodontic treatment to bring
them into the dental arch is a common practice
[5]. In such circumstances, the bond strength
of brackets is greatly reduced due to
contamination with saliva, blood, water, and
gingival crevicular fluid [6].

Resin cements are commonly used in
dentistry. However, due to the inherent
sensitivity of their constituents (Bis-GMA and
bisphenol A) to moisture, their application
might be associated with some problems [7].
Resin cements have undergone recent
advancements, resulting in their relative
resistance to moisture. Embrace™ WetBond™
cement (Pulpdent, Watertown, MA, USA) is a
unique resin cement with no Bis-GMA or
bisphenol which uses hydrophilic chemical
resins [8]. This cement contains bi-, three-, and
multi-functional acrylate monomers and a
network of co-monomer acidic resins (mono-,
di-, and tri-functional methacrylate
monomers, barium, glass, ytterbium tri
fluoride, inert minerals) that are activated by
moisture [9, 10]. This cement is radiopaque
and resistant to moisture. The Embrace
WetBond cement releases fluoride, is dual-
cure, and forms a chemical bond to the enamel],
dentin, precious and non-precious metals,
ceramics, composites, and fiber posts. This
cement does not require bonding, although a
bonding procedure can be used. Concerning
dentin, no etching is required; however, the
enamel should be etched [11].

In light of the introduction of new materials
and the existing disparities in the data, this
study aimed to compare the shear bond
strength (SBS) of orthodontic eyelets bonded
to tooth enamel wusing EmbraceTM
WetBondTM cement with Transbond XT
composite and assess the effects of saliva,
blood, and moisture contamination.

MATERIALS AND METHODS

The Institutional Ethics Committee of Tehran
University of Medical Sciences approved the
protocol of this in vitro study
(IR-TUMS.DENTISTRY.REC.1399.010).
Preparation of the samples:
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Based on the results of Robaski et al, [28] the
minimum sample size needed for each of the
six study groups was calculated to be 12 using
two-way ANOVA Power Analysis of PASS 11,
taking into account a=0.05, =0.2, mean
standard deviation of SBS equal to 29.7
megapascal (MPa), and effect size=0.46.

A total of 78 human premolar teeth that had
been extracted for orthodontic purposes were
collected. The teeth were inspected under a
stereomicroscope (SZX9; Olympus, Japan) at
x10 magnification to exclude teeth with
cracks, decalcification, softening, and
fractures. The soft tissue residues attached to
the tooth surface were also removed.
Following extraction, the tooth samples were
stored in distilled water in a refrigerator at 42C
until the experiment. There was a maximum of
3-month interval between the tooth collection
process and the tests. The teeth were
immersed in 0.5% chloramine T solution
(Merck, Germany) for the purpose of
disinfection for one week. The tooth surfaces
underwent prophylaxis before initiating the
tests using a rubber cup (Diadent, South
Korea), fluoride-free pumice paste (Cina,
Iran), and water for 10 seconds to remove all
contaminants from the tooth surface. A new
rubber cup was used for every five teeth. To
ensure absence of structural flaws or enamel
cracks, the buccal surface of each tooth was
inspected by transillumination under a
stereomicroscope (SZX9; Olympus, Japan) at
x10 magnification. Each tooth was then
mounted in an acrylic block (Acropars, Iran)
such that 2Zmm of the root surface remained
exposed, and the buccal surface was oriented
perpendicular relative to the horizontal line
both mesiodistally and buccolingually.

Study groups:

A table of random numbers was used to divide
the teeth into six groups (n=13):

Group 1: Bonding with Transbond XT (3M
Unitek, Monrovia, CA, USA) adhesive under
isolation

Group 2: Bonding with Embrace WetBond
(Pulpdent Corporation, Watertown, MA, USA)
cement under isolation

Group 3: Bonding with Transbond XT
adhesive with saliva contamination
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Group 4: Bonding with Transbond XT
adhesive with blood contamination

Group 5: Bonding with Embrace WetBond
cement with saliva contamination

Group 6: Bonding with Embrace WetBond
cement with blood contamination

The teeth in each group were bonded in
accordance with the guidelines provided by the
manufacturer. The eyelets (3M Unitek, USA)
were bonded parallel to the tooth's longitudinal
axis at the middle of the clinical crown.

In group 1, the teeth were etched with 37%
phosphoric acid (Ultradent, USA) for 20
seconds, rinsed and dried. After etching, each
tooth had a chalky white appearance. Next, a
microbrush was used to apply Transbond XT
primer (3M Unitek USA), which was then light-
cured for 10 seconds at an intensity of
800mW/cmz wusing a LED curing unit
(Woodpecker, China). The base of the eyelet,
which was positioned in the middle of the
buccal surface of the tooth crown, was covered
with Transbond XT (3M Unitek, USA)
composite resin. The eyelet was then pressed
to the buccal surface using a scaler to evenly
reduce the cement thickness in each sample.
Before light-curing, an eyelet surveyor was
used to adjust the eyelet parallel to the
horizontal line mesiodistally. Each eyelet was
light-cured for 20 seconds on each side.

In group 2, similar to group 1, the teeth were
etched to create a chalky white appearance.
Following the attachment of the eyelet to the
tooth surface, Embrace WetBond resin cement
was applied to the base. The eyelet was light-
cured for 20 seconds on either side.

Etching in group 3 was done similar to group
1. After 10 seconds, a soft air stream from the
air syringe was used to remove 1 mL of natural
saliva that had been applied on the tooth's
buccal surface with a microbrush. Similar to
group 1, the eyelet was bonded to the tooth
surface using Transbond primer and
composite resin.

Group 4 underwent the same etching process
as group 1 before applying 1mL of blood on
the tooth's buccal surface, which was
subsequently removed using a soft stream of
air from the air syringe. As in group 1, the
eyelet was bonded to the tooth surface using
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Transbond XT primer and composite resin.
The eyelet was light-cured for 20 seconds on
each side.

In group 5, the etching process was the same
as that in group 1. Next, a microbrush was
used to apply 1mL of natural saliva on the
buccal surface of the tooth. After 10 seconds,
the saliva was removed by gentle air stream of
the air syringe. Embrace WetBond resin
cement was used to bond the eyelets followed
by light curing of each side for 20 seconds.
Etching in group 6 was done similar to group
1. Next, 1mL of blood was applied on the
buccal surface of each tooth, and then air
sprayed with moderate stream of air from the
air syringe. Embrace WetBond resin cement
was then used to bond the eyelets to the tooth
surface, followed by light curing of each side
for 20 seconds.

The saliva sample was collected from one of
the authors one hour after toothbrushing and
refraining from eating, and right before the
test. Fresh blood was collected from the finger
of one of the authors after the area was
disinfected with a cotton swab dipped in
alcohol. The finger was punctured with a
sterile needle and one drop of blood was
collected and directly applied on the
designated spot. After 10 seconds, a gentle air
stream was directed toward the area from an
oil-free air syringe for 5 seconds.

After positioning the eyelet in the middle of
the buccal surface of the teeth in each group,
extra cement was scraped off using a dental
explorer. A LED curing unit (Woodpecker,
China) was used to light-cure the gingival,
occlusal, distal, and mesial aspects for 20
seconds at an intensity of 800mW /cm2.
Thermocycling:

Following a 24-hour storage in distilled water
at 37°C, the samples were subjected to 5000
thermal cycles between 5°C-55°C with a dwell
time of 15 seconds and a transfer time of 10
seconds [12]. One sample from each group (6
samples in total) underwent interface
evaluation under a scanning electron
microscope (SEM, JSM-7600F; JEOL, Japan)
SBS testing:

An electromechanical universal testing
machine (K-21046; Water+Bai, Switzerland)
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was used to measure the samples' SBS at a
strain rate of Imm/min in order to debond the
eyelets. To apply force along the tooth's
longitudinal axis, the device’s blade was
positioned at the enamel-eyelet interface.
The buccal surface was perpendicular to the
acrylic resin surface during the mounting
process. The eyelets were positioned
mesiodistally parallel to the acrylic resin
base during the bonding process.
Furthermore, the operator could adjust the
force direction buccolingually to apply the
force appropriately.

Determination of adhesive remnant index
(ARI) score:

With the exception of teeth that underwent
interfacial inspection, the ARI score was
calculated for each group using a
stereomicroscope at x10 magnification. The
amount of adhesive left on the enamel was used
to calculate the ARI score as follows (Fig. 1):

0: No adhesive remaining on the tooth surface
1: Less than 50% of adhesive remaining on the
tooth surface

2: More than half of the adhesive remaining on
the tooth surface

3: All the adhesive remaining on the tooth
surface [13]

Fig 1. Different ARI scores under a stereomicroscope
at x10 magnification (A: 3,B: 0,C: 2,D: 1)
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Due to normal distribution of data as
confirmed by the Shapiro-Wilk test, the effects
of cement type and condition
(contamination/isolation) on SBS were
analyzed using two-way ANOVA, followed by
pairwise comparisons with the Tukey’s test.
Additionally, the ARI scores were compared
among the study groups using the Kruskal-
Wallis test. Type I error was set at a=0.05.

RESULTS

The descriptive statistics for the SBS in each of
the six study groups are shown in Table 1. The
Transbond XT group exhibited the highest SBS.
Isolation condition yielded the highest SBS
values for both adhesives, followed by saliva
contamination, and then blood contamination.
In all three conditions, Transbond XT yielded a
SBS higher than Embrace WetBond. The
highest SBS was recorded for Transbond XT
under isolated condition (mean value of
30.33MPa). The lowest SBS (mean value of
13.96MPa) was recorded in Embrace WetBond
under blood contamination.

Since the data were distributed normally, two-
way ANOVA was used to compare the mean
SBS values among the study groups (Table 2).
The results showed that cement type
(P=0.003) and contamination (P=0.0001)
significantly affected the SBS. However, the
interaction effect of cement type and
contamination was not significant on SBS. In
other words, changes in environmental
conditions did not affect the difference in SBS
between the adhesives (P=0.315).

Pairwise comparisons:

The post-hoc Tukey’s test was used for
pairwise comparisons of the groups (Table 3).
The results showed that the SBS of both
cements under isolated condition was
significantly higher than the values under
blood and saliva contamination (P=0.000).
However, the SBS of the eyelets to the enamel
surface using each adhesive was not
significantly different under blood and saliva
contamination conditions (P=0.132).

The Transbond XT cement exhibited a
significantly higher SBS than Embrace
WetBond under all tested conditions
(P<0.001). Blood and saliva contamination
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resulted in a significant decrease in SBS
compared to the isolation condition with
both cements. Contamination with blood
was associated with a lower SBS than
contamination with saliva with both
cements; however, the difference was not
significant (Table 3).

ARI scores:

Both cements showed significant
differences in the frequency of ARI scores
between the isolated and contaminated
(with blood and saliva) groups (P=0.007).
In other words, under the isolated
condition, both Transbond XT and Embrace

WetBond groups exhibited ARI scores of 2
and 3, indicating cohesive failure. However,
there were no significant differences
between the contaminated groups, with a
zero ARI score in most cases (adhesive
failure). Table 4 presents the ARI scores in
each study group.

SEM observations:

SEM observations showed that in the
contaminated groups, the cement and tooth
did not come into contact compared to the
isolated groups. In fact, contamination
prevented the formation of micro- and macro-
tags (Figs. 2 and 3).

Table 1. Measures of central dispersion for the SBS (MPa) in the study groups

Isolated
Transbond XT Saliva
Blood
Isolated
Embrace WetBond Saliva
Blood

21.91 39.94 30.33+5.57
9.29 39.99 20.80+8.65
2.48 22.93 15.57+5.83
16.25 30.73 23.25+4.58
6.79 22.97 15.77+4.68
4.61 28.41 13.96+7.09

SD: Standard deviation, SBS: Shear bond strength, MPa: Megapascal

Table 2. Tests of between-subject’s effects

Corrected Model 2302.024a
Intercept 28654.584
Bonding agent 377.209
Condition 1833.369
Bonding agent-condition interaction = 91.446
Error 2565.969
Total 33522.577
Corrected Total 4867.933

5 460.405 11.842 0.000
1 28654.584 737.033  0.000
1 377.209 9.702 0.003
2 916.685 23.578 0.000
2 45.723 1.176 0.315
66  38.878

72

71

Table 3. Pairwise comparison of the study groups regarding the SBS (MPa) using the Tukey’s test

saliva 8.5038*
Isolated

blood 12.0204*

. isolated -8.5038*

Saliva

blood 3.5167

isolated -12.0204*
Blood .

saliva -3.5167

1.79996
1.79996
1.79996
1.79996
1.79996
1.79996

0.000 4.1880 12.8195
0.000 7.7046 16.3362
0.000 -12.8195 -4.1880
0.132 -0.7991 7.8324
0.000 -16.3362 -7.7046
0.132 -7.8324 0.7991

Based on observed means; *The mean difference is significant at 0.05 level, SBS: Shear bond strength, MPa: Megapascal
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Table 4. Frequency of different Adhesive remnant index (ARI) scores in the study groups

Isolated Number 8 2 0 2 12

percentage 66.6 16.6 0 16.6 100
. Number 11 1 0 0 12

Transbond XT el percentage 91.6 83 0 0 100
Blood Number 12 0 0 0 12

percentage 100 0 0 0 100
Isolated Number 1 1 5 5 12

percentage 8.3 8.3 41.6 41.6 100
. Number 12 0 0 0 12

Embrace Wetbond Saliva —— 100 0 0 0 100
Blood Number 12 0 0 0 12

percentage 100 0 0 0 100

Fig 2. SEM micrographs of Transbond XT adhesive
under isolation (a), with saliva contamination (b), and
with blood contamination (c) at x20, x50, and x100

magnifications

c g A

Fig 3. SEM micrographs of Embrace WetBond
adhesive underisolation (a), with saliva contamination

(b), and with blood contamination (c) at x20, x50, and
x100 magnifications
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DISCUSSION

The occlusion of acid-etched porosities and
lower surface energy caused by enamel
surface contamination might hinder the
penetration of resin tags into microporosities,
reducing the quantity and size of resin tags as
well as the bond strength [14]. There has been
conflicting research in the past regarding how
saliva affects the bond strength of brackets.
Nonetheless, several research findings have
aligned with the current investigation [15].
According to some researchers, contamination
had no effect on bond strength [16], with some
reporting even increased bond strength [17].
Such discrepancies might be attributed to the
use of artificial or natural saliva, amount of
saliva used, composition and pH of the saliva,
differences in bonding techniques, and tooth
type (human, bovine, etc.) [18, 19].

In a similar study, Sharifi et al. [12] reported
a significant decrease in bond strength in the
Transbond XT group after contamination
with saliva. In their study, similar to the
present study, in both groups with and
without saliva contamination, the bond
strength of Transbond XT was significantly
higher than that of self-adhesive group;
however, it should be noted that the adhesive
type was different (Vertise Flow composite).
According to a study by Ratre et al, [19]
contamination with blood and saliva
significantly reduced the bond strength,
which is consistent with the current
investigation. But in contrast to the current
study, there was a notable difference
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between the blood and saliva groups. Safar
Ali et al. [20] found that moisture
contamination considerably reduced the
bond strength, which is in line with the
current investigation. Comparable to the
current study's Transbond XT group without
contamination (30.33MPa), the mean bond
strength in the group of Transbond™ MIP
without contamination was 28.5 MPa. In the
study by Sharifi et al, [12] the bond strength
in the Transbond XT group under the isolated
condition was comparable to the value in the
present study (26.63MPa vs. 30.33MPa).
Consistent with the present study,
Evangelina et al. [21] used resin-modified
glass-ionomer, Transbond MIP, and
Transbond XT. They reported that
contamination with saliva and blood
significantly decreased the bond strength in
the resin-modified glass-ionomer group. In
addition, the differences between the blood
and saliva groups were significant. However,
in the Transbond MIP group, contamination
did not significantly decrease the bond
strength. Different adhesives were used in
their study. Similar to the present study,
natural blood was used in their study;
however, unlike the present study, they used
artificial saliva.

Consistent with the present study, Hafez and
Nassar [13] reported a significant decrease in
bond strength after contamination with
blood. However, unlike the present study,
contamination with saliva had no significant
effect. Different adhesives were used in their
study compared with the present study. The
discrepancies in the results of studies on
contamination with blood and saliva might be
explained by differences in the composition
of saliva and blood in different individuals,
use or no use of anticoagulants, the natural or
artificial nature of the saliva or blood, and the
method used to collect saliva and blood
samples [22, 23].

Similar to the present study, in a study by
Khanehmasjedi et al, [24] contamination with
saliva significantly decreased the bond
strength in the hydrophilic adhesive group
(Assure/Universal Bonding). However, in the
Single Bond adhesive group, the difference
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was not significant. Different adhesives were
used in their study. In studies by Maia et al,
[25] and Sfondrini et al, [26] contamination
with blood significantly decreased the bond
strength. However, it should be noted that
different adhesives were used in their study.
Unlike the present study, in the study by Maia
et al, [25] bovine incisors were used.

The enamel is more susceptible to damage in
adhesive failure; however, less adhesive
remains on the enamel surface. Therefore, less
time would be required to polish the tooth.
However, in cohesive failure, more adhesive
remains on the tooth, leading to less damage
during the attachment debonding.
Nevertheless, more time and care are
necessary for adhesive removal to avoid
damaging the tooth.

Concerning the ARI scores, in the present
study, scores 2 and 3 were more frequent
under the isolated condition, indicating
cohesive failure. However, with blood and
saliva contamination, score ‘0’ was the most
prevalent, indicating adhesive failure. The
present study in this line is consistent with
studies by Shaik et al, [27] Robaski et al, [28]
Khanehmasijedi et al, [24], Glingor et al, [29]
and Sfondrini et al [26]. In a study by Ratre
et al, [19] similar to the present study, the
ARI scores under isolated conditions were
higher than those in groups with blood and
saliva contamination. In their study, there
were significant differences between the
blood and saliva contamination groups, with
higher ARI scores in the group with saliva
contamination. In a study by Safar Ali et al,
[20] the ARI scores of different study groups
did not differ significantly, with the score ‘0’
prevailing under isolation and
contamination conditions.

In the present study, the SBS of Transbond XT
cement was higher than that of Embrace
WetBond cement under all conditions.
However, considering the composition of
Embrace WetBond cement, based on the
manufacturer’s claims, a higher bond strength
was expected with this cement than with
Transbond XT cement under blood and saliva
contamination conditions.

Considering  the  different  bonding
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mechanisms of enamel and dentin, this
cement appears to be more effective for
bonding to dentin under moisture
contamination. In addition, this cement
exhibits a higher bond strength under dry
conditions than under environmental
contamination with moisture. Two possible
mechanisms are involved. First, the wet
bonding mechanism to enamel with
hydrophilic monomers is associated with
failure because moisture interferes with the
formation of microtags. In addition, etched
enamel has a higher surface energy than
etched dentin and absorbs moisture rapidly.
Therefore, an adhesive containing an alcohol
or acetone solvent can displace this moisture
and create a proper bond [28]; these
solvents are present in Transbond XT
bonding agent (primer). Under dry
conditions, Transbond XT is more effective
than Embrace WetBond because
hydrophobic monomers that are
polymerized at a higher degree create a
higher bond strength with Transbond XT
than with Embrace WetBond. Water
sorption by hydrophilic monomers occurs at
a higher rate, and higher water sorption
accelerates the degradation mechanisms,
resulting in structural defects at the bonding
interface after immersion in water and
thermocycling [30-32].

Since the acceptable range for the bond
strength of bracket to enamel is 6-8 MPa, the
bond strength in all the groups in the present
study was within the normal range. The SBS
values achieved in the present study were
different from those in studies by Knaup et al,
[33] Shaik et al, [27] and Ratre et al [19]. In
these studies, the moisture-resistant groups
showed a greater bond strength than the
control group in saliva or blood
contamination, which might be attributed to
the equipment used to determine the bond
strength, type of the applied force, the
crosshead speed, presence or absence of
thermocycling, bracket type, and differences
in adhesive agents. Zeppieri et al. [34] cured
the primer separately, which resulted in a
higher bond strength.

Since the present study was carried out in

Volume 22 | Article 42 | Oct 2025

vitro, it was not possible to accurately
simulate the oral conditions, including the
masticatory forces and occlusion. In addition,
the teeth were collected from individuals of
different ages. Semi-erupted teeth in young
individuals might exhibit lower bond strength
due to the presence of prismless enamel.
Finally, although in vitro studies provide
valuable data, clinical studies are necessary to
better evaluate the materials and their
behaviors under different clinical conditions.

CONCLUSION

Under the limitations of this in vitro study,
the results showed that Embrace WetBond
cement appears to provide sufficient SBS for
brackets under dry and saliva contamination
conditions. Concerning the ARI scores, score
‘0" prevailed under blood and saliva
contamination conditions, indicating
adhesive failure. In such failure, enamel
undergoes more damage. Considering the
higher SBS of Transbond XT cement, it
appears that applying Embrace WetBond
cement will result in less enamel damage
during bracket debonding.
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