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ABSTRACT

Objective: To evaluate and compare the shear bond strengths (SBS) and bracket failure rates (BFR) of
orthodontic brackets bonded with Light Cure adhesive against those bonded with Self Cure adhesive.
Material and Methods: The study had ¢ vitro and in vivo parts. In the iz vitro part to determine SBS of Light
Bond(LB)®) and Rely.a.Bond(RB)®) adhesives used in bonding brackets to 88 extracted teeth, each adhesive
type was used to bond 44 brackets. The clinical study was conducted to determine the BFR of the LB®) and
RB®) adhesives by bonding 256 teeth using each adhesive type. A standardized bonding procedure was
followed in both the iz vitro and in vivo parts of the study. Data were analyzed using frequency, percentage,
mean, independent t-test, chi-square, and Pearson Correlation statistics. A p-value of < 0.05 was considered
significant. SPSS version 21.0 was used to analyze the data generated. Results: There was a significantly
higher mean SBS 10.6MPa for LB®) adhesive than the 7.0MPa of the RB®) adhesive. In the iz vivo study,
(LB)® had a greater but not significant BFR of 9.0% than RB®) (8.0%). No significant relationship existed
between the SBS of either adhesive type (as determined iz vitro) and their BFR 7z vivo. Conclusion: Higher
SBS of LB(®) did not translate to less BFR in the clinic, nor did a lower SBS of RB(®) translate to more BFR
in the clinic.
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Introduction

In contemporary times, orthodontic brackets, which act as both channel and source of delivering force
from the archwire to the teeth are bonded to teeth using the "acid etch technique" introduced by Buonocore in
1955 [17. In this technique, Buonocore used 85% Phosphoric acid and etched the enamel surfaces for 80 seconds
[17]. The technique was an advancement to the previous method of banding. It allows the direct bonding of
brackets to the teeth without the use of bands making treatment more acceptable to the patients [2,37].

However, the acid etch technique also has its limitations. It is technique sensitive and predisposes the
teeth to decalcification and forming white spot lesions on the enamel surface [3,47]. Enamel fractures may also
occur during debonding of brackets with associated enamel discoloration resulting from retention of resin tags
in the enamel [5,67. The major challenge with the use of the acid etch technique in orthodontics is the occurrence
of orthodontic bracket bond failures in the course of treatment [7]. An orthodontic bracket bond failure is said
to have occurred when the bracket attachment to the enamel surface of teeth ceases to be attached by the adhesive
bond [77. Unfortunately, these orthodontic bracket failures are relatively frequent with attendant consequences
[8-107]. First, a niche may form between the bracket and enamel surface, which will encourage plaque
accumulation resulting in periodontal compromise [37]. Secondly, the tooth from which this detachment has
occurred ceases to be influenced by the active component; as such, no further movement of that tooth occurs in
the meantime. Enamel fractures may also occur when orthodontic brackets fail [57].

Furthermore, to replace a failed bracket, the orthodontist will remove the archwires, clean the tooth
again of adhesive remnants, re-etch, and replace it with another bracket before re-adapting the archwire. Bracket
failures also cost time and finance to both the patient and the orthodontist [8-107]. One important factor that
may influence bracket failure rates is the shear bond strength of the orthodontic adhesive, described as the peak
force required to cause detachment of the bracket from the tooth using a shear force divided by the contact area
between the bracket and the tooth [11,127. Optimal bond strength is, therefore, necessary for every orthodontic
adhesive [137.

The light-cure adhesive was introduced to achieve improved bonding, and it offers a few advantages
over the older self-cure adhesives. They have unlimited working time during bracket placement, less patient
discomfort because of accelerated setting time, and significant less chair side time, since the archwire can be
placed immediately without having to wait 8-10 minutes for the adhesive to bond completely [14,157. In
addition, bracket placement and flash removal are easier with light-activated composites [14,157]. However, one
key advantage of the self-cure adhesive is that it does not require curing light, making it versatile even in rural
areas with no power supply.

An orthodontic adhesive should enable the bracket to stay bonded to the enamel for the entire treatment
while also permitting easy removal of brackets when the need arises without damage to enamel surface and with
the least discomfort to the patient [167]. The success of these adhesives in fixed appliance therapy largely depends
on their capability to resist failure from a large number of forces directed to bracket-adhesive-enamel junction
as well as various factors in the mouth [127.

Though the exact simulation of clinical conditions iz vitro is yet to be achieved, manufacturers of
orthodontic adhesives claim to have made great advancements in clinical performance to reduce bracket failures
[127. The best way to evaluate performance is still via zn-vivo studies because all the factors that can contribute
to bond failure would be present [127]. However, iz vitro studies are useful because of the controlled testing
environment they can offer for investigating the chemical and physical properties of adhesives. Thus, they

provide valuable information on the amount of controlled force responsible for failure in bracket-adhesive-enamel
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system and give directions for clinical practice and n vivo investigations [17]. Since an adequate bond strength
is necessary to prevent bracket failure, there is a need to determine if the shear bond strength of light-cure and
self-cure adhesives determined iz vitro translates to more or less bracket bond failure rates determined in vivo.
A previous study by Sharma et al. [187] compared the relationship between the bond strength of different
adhesives and reported higher bond strength with light-cure than with self-cure adhesives. Other investigators
[8,197] also studied failure rates of light-cure and self-cure adhesives, with varying reports including different
failure rates [17] and similar bond failure rates [197]. However, not much literature has attempted to relate the
shear bond strength determined in vitro to bracket failure rate determined in the clinic when similar adhesive
types are used. This study, based in Nigeria with the possible influence of diet on bracket failure, sought to obtain
information on the shear bond strength and bond failure rates of light-cure and self-cure composite adhesive
systems and to determine whether a relationship exists between the shear bond strength as determined in the
laboratory and the bond failure rates as observed in the clinic. The study findings will aid the orthodontists and
the orthodontic trainees in making the right choice of adhesives to reduce the incidence of bracket failures during

treatment.

Material and Methods
Determination of Sample Size
The sample size determination applies to both the clinical and laboratory parts of the study.
The calculation of the sample size was done using the formula for comparison of two independent groups
using mean as shown by Shukla et al. [207, in which “n” = 2(Z« + Zg)? Sd + d2. Where,
n= Minimum sample size for each group
Z«=Standard normal deviate corresponding to the level of significance at 95% confidence interval= 1.96
Zpg = Standard normal deviate corresponding with 1 minus power at 80%=0.84
Sq = Average from mean of shear bond strength for the light-cure adhesive (10.34) and the self-cure adhesive
(9.08) = 9.7 (from the study by Shukla et al. [207)
d = Expected difference = 2
Therefore, “n” = 2(Z«+ Zg)? Sd +d?
= 2(1.96+0.84)% 9.7+22
= 2(2.80)? 9.7+22
= 2X7.84X9.7+4
=15.68X2.425 = 38.024 = 38
To accommodate a possible 10% attrition, the minimum sample size; n of 38, was increased by 4.

Therefore, the minimum sample size was 42 teeth for each adhesive system.

The In Vitro Part (Laboratory)

The study was carried out at the laboratory of the Standards Organization of Nigeria (S.O.N) after
ethical approval was obtained from the Ethics and Research Committee of the University of Nigeria Teaching
Hospital (UNTH), Enugu, with approval number: FWA00002458-1RB00002323. It was a cross-sectional study
in which the shear bond strengths of light Bond® light-cure and Rely.a.Bond® self-cure adhesives were
determined in the laboratory. These adhesives were used to bond 88 Azdent brackets (Azdent Dental

Manufacturer, Henan, China) on 88 consecutive teeth extracted from 28 consecutive patients (needing extraction
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as part of their orthodontic treatment plan) who presented at the orthodontic clinic of the UNTH and also took
part in the clinic part of the study. Microdonts, teeth with enamel hypoplasia, and fracture or restorations on
their buccal surfaces were excluded from the study.

In the determination of shear bond strength of the light-cure (Light Bond®), Reliance Orthodontic
Products, Itaska, Illinois, USA) and the Self-cure (Rely.a.Bond®), Reliance Orthodontic Products, Itaska, Illinois,
USA) composite adhesive systems, each of the eighty-eight extracted teeth were put into a container which
contained 10% formalin and left for seven days as was done in a similar study [147. Irrespective of the tooth
type, the first tooth extracted was numbered as "1", the next as "2" and progressing in that pattern until the
88th tooth was extracted. The teeth labeled with odd numbers had orthodontic brackets bonded on them using
the self-cure adhesive, while those labeled with even numbers had brackets bonded on them using the light-cure
adhesive. Forty-four brackets were bonded using each adhesive type. The detailed steps followed in the study
are summarized below.

The tooth was brought out of the formalin, rinsed in water, and dried with a stream of air. In order of
extraction, each tooth was separately mounted on a cold cure acrylic block (up to the neck of the tooth) (Figure
3). The tooth was scaled using manual scalers and subsequently polished using a fluoride and an oil free
prophylactic paste. They were then washed with water and dried in a stream of oil-free compressed air [14]. A
bracket was then bonded on the buccal surface of each tooth before taking it (singly or in groups of teeth extracted
the same day) to the laboratory for shear bond strength testing, which was done 24 hours after bonding, as
reported for previous studies [9,157].

Bonding brackets with the self-cure adhesive on the 44 teeth labeled with odd numbers were done
according to the manufacturer's recommendation as follows: A brush applicator was used to apply 37%
Phosphoric acid gel (Reliance Orthodontic Products, Itaska, Illinois, USA) to the mid-buccal enamel surface of
each tooth from Group "A" and left for 15 seconds [167. Each tooth was rinsed with water and dried with oil
free compressed air until the enamel surface became frosty white. The primer was applied onto the etched tooth
surface and the mesh surface of the bracket. The self-cure adhesive was syringed onto the bracket base. The
bracket was firmly placed in position on the buccal tooth surface. Thirty seconds allowed the bonded bracket to
become reasonably stable before excess adhesive was removed using a sharp probe [147].

For the bonding with the light-cure (Light Bond®) Adhesive, similar steps were followed as with the
self-cure adhesive until the application of the primer. The light-cure adhesive was syringed onto the bracket base
and placed in position on the buccal tooth surface. The excess resin was removed by running a dental probe
around the base of the bracket. The resin was polymerized by pointing a Woodpecker LED-b curing light source
(Woodpecker, China) with a wavelength of 480nm on the tooth (20 seconds for each bracket-adhesive interface:
10 seconds on the mesial and 10 seconds on the distal) and polymerization occurred immediately [177]. A total
of 44 teeth were bonded (singly or in groups of teeth extracted the same day) using the light-cure adhesive.

To determine the shear bond strength of adhesive per tooth, de-bonding of the bracket from the tooth
was carried out after 24 hours 9,157, using the TUE-C-100 Universal Testing Machine (Fine Spavy Associates
& Engineers P. Ltd., Miraj, India), as in previous studies. [17-197 To facilitate the application of a vertical
debonding force, the tooth surface was positioned perpendicular to the horizontal plane. An occluso-gingival
load was applied to produce a shear force at the bracket-tooth interface (this was accomplished with the flattened
end of a steel rod attached to the crosshead of the universal testing machine [187). The bond strengths were

determined at a crosshead speed of 1mm per minute (crosshead speed being the time rate at which the crosshead
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descends vertically). The force applied at the time of fracture/de-bonding was recorded in Newtons and then
divided by the area of the bracket base (which is 12.0mm?) to convert to megapascals (MPa) [117.
The In Vivo Part (Clinical)

This was carried out at the Orthodontic unit of the University of Nigeria Teaching Hospital, Enugu. It
was a prospective six-month, randomized, single-blinded split-mouth design clinical trial involving a within-
subject comparison of the rates of orthodontic bracket failure of Light Bond® light-cure and Rely.a.Bond® self-
cure adhesives after using them to bond brackets on a total of five hundred and twelve (512) teeth, with two
hundred and fifty-six (256) brackets bonded using each adhesive type in 30 consecutive patients whose treatment
with upper and lower fixed appliance therapy required or did not require tooth/teeth extractions (sample size
calculation is shown above). The study was not limited to any type of malocclusion; however, patients who had
teeth with fractured or restored buccal surface, microdonts, or enamel hypoplasia were excluded from the study.

The bonding procedure was performed by the same clinician to avoid possible procedural differences.
The Battenburg design was used as in previous studies [1,217 in which, for a participant, when upper right/
lower left quadrants were bonded with one type of adhesive. Then the upper left/lower right quadrants were
bonded with the other type of adhesive. This design had the advantage that both adhesive types were on each
side of a participant's mouth, allowing both to simultaneously experience similar intra-oral conditions on both
sides of the mouth.

‘While bonding with the Self-cure Adhesive, teeth were scaled, polished with pumice, and isolated using
cotton pledgets and cheek retractor in readiness for bonding. Bonding was carried out from the Central Incisor
to the 2nd Premolar (with buccal tubes bonded on the 1st Molars). The remaining teeth were prepared for
bonding in participants who had teeth extracted as part of the treatment plan. The manufacturer's recommended
protocol was followed with the enamel surface preparation carried out in the same way as for the iz vitro study,
and 256 teeth were bonded with Rely.a.Bond® Self-cure adhesive as described in the i vitro study. 0.014 Ortho
Classic Nickel-Titanium archwire (Ortho Classic Inc., Oregon, USA) was ligated onto the brackets. The same
wire sequence was used after bonding for all the patients.

With bonding using the Light-cure Adhesive, similar manufacturer's recommended protocol as with the
Light Bond®) light-cure adhesive used in the iz vitro study was followed. 0.014« Ortho Classic Nickel-Titanium
archwire was ligated onto the brackets. The same wire sequence (of 0.014 and 0.016 for the treatment duration
of 6 months) was used after bonding for all the patients. Bracket failure rates were prospectively determined for
each adhesive type.

Verbal and written oral hygiene and care of appliance instructions were given to each participant. They
were to brush their teeth with a fluoride containing toothpaste after every meal. They should eat only soft food
during the duration of the treatment because hard, large, and sticky pieces of food (nuts, crisps, chunky meat,
and chewing gum) may damage the appliance. They were also to avoid taking a bite but to cut large pieces of
food into smaller pieces before eating them. Weekly telephone calls were made to each participant throughout
the research duration of six months, during which they came for review every six weeks, and a similar sequence
of archwire and treatment approach was adopted for each patient.

To determine the bracket failure rate, each participant was given a diary in which to record the date and
time of bracket failures during the six-month duration of the study for each patient. They visually inspected the
appliance daily using a mirror and reported any loosening of bracket via telephone as soon they thought it
occurred and, in such circumstances, were asked to report to the clinic as soon as possible for bracket replacement.

The type of adhesive that was used to bond each tooth was also recorded. In case of failures were not detected
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and not recorded by the patient, the date of the review appointment during which the clinician detected the
failure was taken as the date of failure. No second recording of the same tooth was made, even if a second bracket
failure results for that tooth. After six months of observation for each participant, the rate of bracket failure with

the Self-cure adhesive and the Light-cure adhesive was recorded.

Statistical Analysis

To determine the shear bond strength for each adhesive system, mean statistics were used, while
frequencies and percentages were used for bracket failure rates of the respective adhesive systems. Independent
sample t-test was used to compare the shear bond strength of the two adhesives while chi-square was used to
compare bracket failures and type of adhesives used. The relationship between the shear bond strengths and
bracket failure rates was done using Pearson Correlation analysis. A p-value of 0.05 or less was considered

statistically significant. Statistical Package of Social Science (SPSS), version 21.0 IBM Armonk, New York, USA,

was used to analyze the data generated.

Results
In Vitro Results

Table 1 reveals that the mean shear bond strength of (Light Bond®) light-cure adhesive was 10.60MPa
(ranging between 5.0 and 21.0) while the mean shear bond strength for (Rely.a.Bond®) self-cure adhesive system
was 7.0MPa, which ranged between 4.60 and 13.00 MPa. There was a statistically significant difference between

the mean shear bond strengths of Light-cure and Self-cure (p=0.001).

Table 1. Comparison of mean shear bond strengths of light-cure and self-cure adhesives.

Adhesive Type Range Mean S.D. t-value p-value
Minimum Maximum
Light-cure 5.00 21.00 10.60 $.80 -8.559 0.001
Self-cure 4.60 13.00 7.00 2.30
14

—
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Figure 1. Percentage distribution of the mean shear bond strength among the two adhesives.

In Vivo Results

Table 2 shows that out of the 256 teeth bonded with the light-cure adhesive, 23 (9.0%) failed, while the
remaining 233 (91.0%) did not. While 20 (8.0%) of the brackets bonded on 256 teeth using the self-cure adhesive
failed, the remaining 236 (92.0%) did not fail. Therefore, 43 (8.0%) brackets (of the 512 bonded) failed. The test
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of association between bond failure and type of orthodontic adhesive used showed no significant association

(p=0.624). That is, failure rate had no significant association with the type of orthodontic adhesive used.

Table 2. Relationship between bracket failure rate and adhesive type.

Type of adhesive N Number of Bracket Failure  Chi-Square value p-value
Bracket Failures Rates
Light-Cure 256 23 9.0 0.240 0.624:
Self-Cure 256 20 8.0
400
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Figure 2. Distribution of bracket failure and failure rate according to adhesive type.

C. Comparison of Laboratory and Clinic Results
Table 3 demonstrates the relationship between the shear bond strengths of the two adhesive systems

(light-cure and self-cure) and bracket failure rates of orthodontic brackets bonded using both systems.

Table 3. Pearson correlation coefficient analysis test of relationship between shear bond strength and
bracket failure rate.

Types of Adhesives Types of Adhesives
(Shear bond strength) (Bracket Failure rate)
Light-Cure Self-Cure
. Correlation Coeflicient -0.098
Light-cure
p-value 0.633
Correlation Coefficient 0.328
Self-Cure
p-value 0.110

The shear bond strengths and bracket failure rates were analysed based on each participant. The shear
bond strength for each adhesive per participant was noted, and an average of the shear bond strength for those
bonded with more than one tooth was used for that participant. In comparison, the shear bond strength for those
with only one tooth bonded was used for that one. On the bracket failure rate, failure for each participant per
adhesive type was determined by obtaining the number of teeth that failed per participant per adhesive out of
the total number of bonded teeth. Using the Pearson correlation, no significant relationship was found between
the bond strength of the light-cure adhesive (as determined in the laboratory) and their bracket failure rates in

the clinic (Pearson Correlation Coeflicient= -0.098, p-value=0.633). Similarly, the shear bond strength of the
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self-cure adhesive did not correlate with the failure rate in the clinic (Pearson Correlation Coefficient = 0.828, p-
value=0.110). This meant that the higher bond strength of the light-cure adhesive in the laboratory did not

automatically translate to less bracket failure rate.

Figure 3. Tooth mounted on Cold cure acrylic block (with bonded orthodontic bracket).

Discussion

The results of the present study showed that the mean shear bond strength of light-cure (Light Bond(®))
adhesive was significantly higher than that of the self-cure (Rely.a.Bond®) adhesive system. The finding in this
study validates what was previously reported by Shukla et al. (207, who reported a higher mean shear bond
strength of 10.34MPa for the light-cure and 9.08MPa for the self-cure adhesive. Similarly, a later study [187]
reported higher shear bond strength of 15.49MPa for the light-cure adhesive, while that for the self-cure adhesive
was 12.26MPa. This, however, differs from that reported in two other studies 22,237 in which lower bond
strength was reported for the light-cure adhesives, with both reporting the bond strength of the light-cure
adhesives to be nearly half of the self-cure. Toledano et al. [227] also reported a lower bond strength of 35.96MPa
for the light-cure adhesive and 71.81MPa for the self-cure adhesive. This much lower bond strength of the light-
cure adhesive is possibly due to incomplete polymerization [22-247]. However, bond strengths recorded for the
light-cure (Light Bond®) and self-cure (Rely.a.Bond®) adhesive systems recorded in the present study show
that both adhesive types meet the reported minimum clinically adequate shear bond strength of 6-8MPa reported
in the literature [257. Additionally, adhesion forces should not be too strong to avoid substrate loss after
debonding (40-50 MPa). Therefore, the ideal orthodontic biomaterial should have bonding forces included in the
interval of 5~50 MPa, even if these limits are mostly theoretical [267].

In the clinic study, the bracket failure rate for the light-cure adhesive was more than that for the self-
cure adhesive, but the difference was not significant. The bracket failure rate for the light-cure adhesive is similar
to that reported by Galindo et al. [277], in which the failure rate was 11.3% after a study duration of eleven
months. Conversely, O'Brien et al. [287 and Millet et al. (297 reported a relatively lower bracket failure rate.
Following a study duration that lasted through the entire treatment time, O'Brien et al. [287] reported a failure
rate of 3.9%, while Millet et al. [297] reported a failure rate of 6% over a 48-month study period. The lower value
reported in the previous studies 28,297 maybe as a result of dietary differences which have also been reported
to affect bond failure rate [77]. The harder the diet, the greater the tendency for failure to occur [7].

With the self-cure adhesive used in the present study, the bracket failure rate was similar to the finding
by O'Brien et al. [287, in which the bracket failure rate for the self-cure adhesive was 7.5%. However, in a Nigeria

based study (307 which used a similar adhesive to the present study, Moninuola et al. (307 reported a higher
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failure rate of 24.1%. This higher value of the self-cure adhesive may be attributed to the longer study duration
of 24- months as against 6 months in the present study. In the present study, when the bracket failure rates of
the light and the self-cure adhesive systems in the clinic were compared within the study duration of 6 months,
a greater bracket failure rate was recorded for the light-cure than for the self-cure adhesives. This higher failure
rate for the light-cure adhesive has been reported in a previous study by Trimpeneers and Dermaut (197, who
reported a significantly higher failure rate for light-cure (24.3%), being twice that for self-cure (12.4%). However,
the higher bracket failure rate recorded for the light-cure adhesive in the present study was not statistically
significant. Incomplete polymerization has been suggested as a possible reason for this higher bracket failure
rate with the light-cure adhesives [31,327]. On the other hand, other studies reported higher failure rates for self-
cure adhesives [8,28,277]. Galindo et al. [27] reported a 12% bracket failure rate for the self-cure and 11.3% for
the light-cure. Likewise, in a separate study by O'Brien et al. [287, 7.5% and 5.5% failure rates were reported for
self-cure and light-cure, respectively. However, Sonis et al. [14] and Artun et al. [837 reported no significant
difference in bracket failure rate between the light and the self-cure adhesives. This is in agreement with the
findings in the present study, which showed that despite the higher failure rate of the light-cure adhesive over
the self-cure, the difference was not significant.

When the relationship between the shear bond strength of the two adhesive systems (light-cure and
self-cure) determined in the laboratory and the bracket failure rates of orthodontic brackets bonded using the
two systems (in the clinic) was assessed, there was no significant relationship between the shear bond strength
as determined in the laboratory (zn vitro) and the bracket failure rates as determined in the clinic (zz vivo) for both
the light-cure and the self-cure adhesives. Contrary to previous studies [18,20,347] (most of which did not
compare shear bond strength and failure rate) in which teeth used to determine shear bond strength in the
laboratory were extracted from any available participant, in the present study, the teeth used for the iz vitro shear
bond strength determination were from the same participants enrolled into the clinic study. This was to ensure
that teeth with similar morphology and chemistry per participant were used in the comparison of bond strength
and failure rate since the success of adhesion has also been linked to the characteristics of the interfacing surfaces
[85]. Teeth surfaces with sub-clinical erosion from cola-based drinks have been reported as having significantly
reduced bond strength [367].

There is a dearth of literature on this area of study. Using the Pearson correlation in the present study,
no significant relationship was found between the bond strength of either adhesive type (as determined in the
laboratory) and their bracket failure rates in the clinic. The light-cure adhesive had greater mean shear bond
strength n witro, but this did not translate to less failure rate iz vivo as it was seen to have a higher failure rate
in the clinic than the self-cure, although the difference in failure rate was not significant. This means that higher
bond strength did not necessarily translate to a lower failure rate and vice versa. These results were similar to
the finding in an earlier study by Eliades et al. [37], which though was not carried out using teeth from the same
group of patients as was done in the present study, reported that bond strength values may not necessarily relate
to failure rates because of the effect of mastication which is associated with the rate of loading. This factor, it
claims, may explain the disagreement between clinical failure rates and iz vitro bond strength data [877]. Pickett
et al. [387] also compared bond strength iz vivo against that n vitro using a debonding machine in both cases.
Though they did not simulate the natural masticatory effect, they concluded that the mean bond strengths
recorded in vivo following comprehensive orthodontic treatment were significantly lower than those recorded in

vitro.
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The lack of relationship between the shear bond strength determined in the laboratory and the failure
rate determined in the clinic may result from several reasons. Firstly, the maximum time the bonded brackets
remained on the teeth iz vitro before debonding did not correspond with that of the teeth bonded in the patient's
mouth. Secondly, the moist intra-oral environment, which contrasts with the dry environment in the in-vitro
test, presented an unbalanced study environment. Another reason could be that the universal testing machine
applied only shear force, while in the oral cavity, a combination of debonding forces exists, including shear,
tensile, and peel. The rate of loading from mastication may also vary, whereas the rate is constant for the
universal testing machine. Additionally, recent research by Butera et al. [397] showed the deposition of
hydroxyapatite and casein phosphopeptide-amorphous calcium phosphate [407] on polymeric composite resin.
This feature could also be tested with orthodontic composites in future studies to understand if it would influence
the bond strength.

The limitations of the present study include that it only assessed failure rate 7z vivo within the 6 months
study period. Changes beyond this period that may be different from the reported findings are possible. The
moist intra-oral environment, which contrasts with the dry environment in the in-vitro test, also presented an
unbalanced study environment. We suggest that future researches should aim at simulating the conditions within

the oral environment in the 7z vitro studies.

Conclusion

The mean shear bond strength of light-cure (Light Bond(®)) adhesive was significantly higher than that
of the self-cure (Rely.a.Bond®) adhesive system. The Light Bond® Light-cure adhesive and the Rely.a.Bond®)
Self-cure adhesive had acceptable clinical shear bond strength. The bracket failure rate of the light-cure adhesive
was higher than that of the self-cure adhesive. There was no significant relationship between the shear bond
strengths as determined in the laboratory (zn vitro) and the bracket failure rates as determined in the clinic (i

v1v0) for both the light and the self-cure adhesives.

Authors’ Contributions

ACO (o https://orcid.org/0000-0003-0667-341X  Conceptualization, Methodology, Formal Analysis, Investigation, Resources, Data Curation.

U {® https://orcid.org/0000-0003-0602-1438  Conceptualization, Methodology, Formal Analysis, Investigation, Writing - Review and Editing,
Supervision.

NF @ https://orcid.org/0000-0003-1175-2171 Conceptualization, Methodology, Formal Analysis, Investigation, Data Curation, Writing -
Review and Editing, Supervision.

All authors declare that they contributed to critical review of intellectual content and approval of the final version to be published.

Financial Support

None.

Conflict of Interest

The authors declare no contlicts of interest.

Data Availability

The data used to support the findings of this study can be made available upon request to the corresponding author.

References

[1] Zero DT. How the introduction of the acid-etch technique revolutionized dental practice. ] Am Dent Assoc 20183;
144(9):990-4. https://doi.org/10.14219/jada.archive.2013.0224

[2] Gange P. The evolution of bonding in orthodontics. Am J Orthod Dentofacial Orthop 2015; 147(4 Suppl):S56-63.
https://doi.org/10.1016/j.aj0d0.2015.01.011

@ ® 10

BY




=
Pesqui. Bras. Odontopediatria Clin. Integr. 2022; 22:¢210193

[87] Metin-Giirsoy G, Uzuner FD. The Relationship between Orthodontic Treatment and Dental Caries. In (Ed.), Dental
Caries - Diagnosis, Prevention and Management. In: Akarslan Z. Dental Caries - Diagnosis, Prevention and
Management. London: IntechOpen; 2018. https://doi.org/10.5772/intechopen.76470

[47] Kafle D, Agarwal A, Shrestha S, Adhikari B. Banding on adolescents: is molar band height different than clinical crown
height? Orthod J Nep 20145 4(2):7-11. https://doi.org/10.8126/0jn.v4i2.13890

[5] Chen CS, Hsu ML, Chang KD, Kuang SH, Chen PT, Gung YW. Failure analysis: enamel fracture after debonding
orthodontic brackets. Angle Orthod 2008; 78(6):1071-7. https://doi.org/10.2319/091907-449.1

[67] Fan XC, Chen, L, Huang, XF. Effects of various debonding and adhesive clearance methods on enamel surface: an in
vitro study. BMC Oral Health 2017; 17(1):58. https://doi.org/10.1186/5129038-017-0349-6

[77 Reis A, Santos JE, Loguercio AD, Bauer JRO. Eighteen-month bracket survival rate: conventional versus self-etch
adhesive. Eur J Orthod 2008; 30(1):94-9. https://doi.org/10.1093/¢ejo/cjm089

[87] Natheer AR. Orthodontic bracket failure rate; a comparative clinical study between light-cured and chemically cured
(no mix) bonding systems. J Bagh Coll Dentistry 2012; 24(3):137-9.

[9] Cook A. Curing lights—are you contributing to your bond failure rate? Available from:
http://www.andreacookconsulting.com/newsletter archives/2010 07/. [Accessed on September 12, 20217.

[107] Aljubouri YD, Millett DT, Gilmour WH. Six and 12 months’ evaluation of a self-etching primer versus two-stage etch
and prime for orthodontic bonding: a randomized clinical trial. Eur J Orthod 2004; 26(6):565-71.
https://doi.org/10.1098/¢ejo/26.6.565

[117] Abd SD, Al-Khatieeb MM. Shear bond strength and excess adhesive surface topography of different bonding systems
after thermocycling: a comparative in-vitro study. Int Med Res Health Sci 2018; 7(3):46-54.

[127] Markovic E, Glisic B, Scepan I, Markovic D, Jokanovic V. Bond strength of orthodontic adhesives. Metal J Metall 2011;
14:78-88.

[1387] Shaik JA, Reddy RK, Bhagyalakshmi K, Shah MJ, Madhavi O, Ramesh SV. In vitro evaluation of shear bond strength
of orthodontic brackets bonded with different adhesives. Contemp Clin Dent 2018; 9(2):289-92.
https://doi.org/10.4108/ccd.ccd_15_18

[147 Sonis AL. Comparison of a light-cured adhesive with an autopolymerization bonding system. J Clin Orthod 1988;
29(11):730-32.

[157] Hamula DW. Technique clinic: Direct bonding with light-cured adhesives. J Clin Orthod 1991; 25(7):437-38.

[167] Klocke A, Tadic D, Kahl-Nieke B, Epple M. An optimized synthetic substrate for orthodontic bond strength testing.
Dent Mater 2003; 19(8):773-8. https://doi.org/10.1016/50109-564:1(03)00025-3

[17] Eliades T, Eliades G, Bradley TG, Watts DC. Degree of cure of orthodontic adhesives with various polymerization
initiation modes. Eur J Orthod 2000; 22(4):395-9. https://doi.org/10.1093/EJO/22.4.395

[187] Sharma S, Tendon P, Nagar A, Singh GP, Singh A, Chugh VK. A comparison of shear bond strength of orthodontic
brackets bonded with four different orthodontic adhesives. J Orthod Sci 20145  3(2):29-33.
https://doi.org/10.4108/2278-0203.132892

[197] Trimpeneers LM, Dermaut LR. A clinical trial comparing the failure rates of two orthodontic bonding systems. Am J
Orthod Dentofacial Orthop 1996; 110(5):547-50. https://doi.org/10.1016/S0889-5406(96)70064-1

[207] Shukla C, Singh G, Jain U, Swamy K. Comparison of mean shear bond strength of light-cure, self-cure composite resins,
self-etching and moisture-insensitive primers: an in vitro study. J Ind Orthod Soc 2012; 46(5):254-7.
https://doi.org/10.5005/jp-journals-10021-1100

[217] Okeke AC, Folaranmi N, Utomi IL. Orthodontic bracket failure rates in south-eastern Nigeria. ARC J Dent Sci 2021;
6(1):29-36. https://doi.org/10.20431/2456-0030.0601005

[227] Toledano M, Osorio R, Osorio E, Romeo A, de la Higuera B, Garcia-Godoy F. Bond strength of orthodontic brackets
using different light and self-curing cements. Angle Orthod 2003; 73(1):56-63. https://doi.org/10.1043/0003-
3219(2003)073

[237] Omidkhoda M, Shahabi M, Fakharian M, Rangrazi A. Evaluation of the bond strength of light-cure and chemical-cure
adhesive systems over time: an in-vivo study using a new force gauge. Mater Res Express 2019; 6(9):1-3.
https://doi.org/10.1177/23202068211015447

[247] Verma G, Trehan M, Sharma S. Comparison of shear bond strength and estimation of adhesive remnant index between
light-cure composite and dual-cure composite: an in vitro study. Int J Clint Pediatr Dent 2013; 6(3):166-70.
https://doi.org/10.5005/jp-journals-10005-1212

[257] Bourke BM, Rock WP. Factors affecting the shear bond strength of metal orthodontic brackets to porcelain. Brit J
Orthod 1999; 26(4):285-90. https://doi.org/10.1093/ortho/26.4.285

[267] Scribante A, Contreras-Bulnes R, Montasser MA, Vallittu PK. Orthodontics: bracket materials, adhesives systems, and
their bond strength. Biomed Res Int 2016; 2016:1329814. https://doi.org/10.1155/2016/1329814

[27] Galindo HRA, Sadwosky PL, Vlachos CH, Jacobson A, Wallance D. An in vitro comparison between a visible light-
cured bonding system and a chemically cured bonding system. Am J Orthod Dentofacial Orthop 1998; 113(3):271-5.
https://doi.org/10.1016/S0889-5406(98)70296-3

11




=
Pesqui. Bras. Odontopediatria Clin. Integr. 2022; 22:¢210193

[287 O'Brien KD, Read MJF, Sandison RJ, Roberts CT. A visible light activated direct bonding material: an in-vivo
comparative study. Am J Orthod Dentofacial Orthop 1989; 95(4):348-51. https://doi.org/10.1016/0889-
5406(89)90169-8

[297 Millett DT, Hallgren A, Cattanach D, McFadzean R, Pattison I, Robertson M, et al. A 5- year clinical review of bond
failure with a light-cured resin adhesive. Angle Orthod 1998; 68(4):351-6.

[807] Moninuola AE, daCosta OO, Isickwe MC. A review of orthodontic bond failure using a chemical cure adhesive.
Odontostomatol Trop 2010; 33(130):35-40.

[317] Rachala MR, Yelampalli MR. Comparison of shear bond strength of orthodontic brackets bonded with light emitting
diode (led). Int J Orthod Milwaukee 2010; 21(4):31-5.

[827 Shon WJ, Kim TW, Chung SH, Jung MH. The effects of primer precuring on the shear bond strength between gold
alloy surfaces and metal brackets. Eur J Orthod 2012; 84(1):72-6. https://doi.org/10.1093/¢ejo/cjq163

[837 Artun J. A post-treatment evaluation of multibonded ceramic brackets in orthodontics. Eur J Orthod 1997; 19(2):219-
28. https://doi.org/10.1093/€jo/19.2.219

[847 Reddy KD, Kishore MSV, Safeena S. Shear bond strength of acidic primer, light-cure glass ionomer, light-cure and self-
cure composite adhesive systems - an in vitro study. J Int Oral Health 2013; 5(3):73-8.

[85] Condo R, Mampieri G, Ciofti A, Cataldi ME, Frustaci I, Giancotti A, et al. Physical and chemical mechanisms involved
in adhesion of orthodontic bonding composites: in vitro evaluations. BMC Oral Health 2021; 21(1):350.
https://doi.org/10.1186/512908-021-01715-9

[867] Casas-Apayco LC, Driebi VM, Hipolito AC, Graeff MSZ, Rois D, Magalhaes AC. Erosive cola-based drinks affect the
bonding to enamel surface: an in vitro study. J Appl Oral Sci 20145 22(5):484-41. https://doi.org/10.1590/1678-
775720130468

[87] Eliades T, Katsavrias E, Zinelis S, Eliades G. Effect of loading rate on bond strength. J Orofac Orthop 2004; 65(4):336-
42. https://doi.org/10.1007/500056-004-0327-X

[887 Pickett KL, Sadowsky PL, Jacobson A, Lacefield W. Orthodontic in vivo bond strength: comparison with in vitro
results. Angle Orthod 2001; 71(2):141-8.

[397] Butera A, Pascadopoli M, Gallo S, Lelli M, Tarterini F, Giglia F, et al. SEM/EDS evaluation of the mineral deposition
on a polymeric composite resin of a toothpaste containing biomimetic Zn-Carbonate hydroxyapatite (microRepair®) in
oral environment: a randomized clinical trial. Polymers 2021; 13(16):2740. https://doi.org/10.8890/polym13162740

[407 Velagala D, Reddy VN, Achanta A, Snehika G, Ramavath BN, Mareddy RA. Enamel erosion: a possible preventive
approach by casein phosphopeptide amorphous calcium phosphate-an in vitro study. Int J Clin Pediatr Dent 2020;
13(5):486-92. https://doi.org/10.5005/jp-journals-10005-1827

12




