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Original research

Comparison of the shear bond strength of new and recycled
metallic brackets using different adhesive materials.

An in vitro study

Purpose

To evaluate and compare shear bond strength (SBS) of new and recycled metallic
brackets bonded to conditioned and reconditioned enamel, using two different
adhesive materials.

Material and Method

72 extracted sound human premolars were randomly divided into 6 groups.
Transbond XT light cured composite (LCC) and Fuji Ortho LC resin-modified glass
ionomer (RMGI), were used as adhesive materials. In groups 1 and 2 (control), new
brackets were bonded to sound premolars using either LCC or RMGlI, respectively. In
Groups 3 and 4, new brackets were bonded to reconditioned enamel; and in groups
5 and 6, sandblasted recycled brackets were rebonded to reconditioned enamel.
After 5.000 thermal cycles between 5°C and 55°C, SBS was evaluated and adhesive
remnant on the enamel assessed using the ARl index. Statistical analyses included
Shapiro-Wilk, ANOVA, Fligner-Killeen ANOVA and Tukey tests.

Results

The statistical analysis showed no significant difference in SBS comparing control
and experimental groups for either new or recycled brackets (p = 0.848). The SBS
was significantly higher in brackets bonded with LCC (15.7 MPa) than RMGI (11.6
MPa) (p =0.006). Adhesive failure was the most frequent, with the adhesive remnant
covering more than 50% of the bracket base.

Conclusion

No significant differences were observed in SBS using either new or recycled
brackets, regardless of the dental surface treatment (conditioned or reconditioned).
Significantly higher SBS values were obtained with LCC adhesive. Adhesive failure
prevails in all groups.

Keywords: Shear bond strength, Metallic brackets, Adhesive materials, Recycled
brackets, Thermal cycling

Introduction

Bracket bond failure is a frequent complication during orthodontic
treatment, which can increase its duration and represents a challenge in
clinical practice (1). The most popular bracket bonding systems include
light-cured composite resins (Bis-GMA) (LCC) and the resin-modified glass
ionomer (RMGI) (2,3).

The adhesion strength resists shear forces naturally occurring during
chewing function and can be determined by the shear bond strength
(SBS), which is “the amount of force required to produce a fracture at the
interface of two materials, when parallel forces are applied in opposite
direction” and it is measured in Mega Pascals (MPa) (2,4,5,6,7). SBS values
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between 6 and 8 MPa are considered clinically acceptable
(2,5,8,9). Some studies suggest that values higher than 13-
14 MPa may increase the risk of enamel fracture (4,10,11).
On the other hand, lower adhesive forces may cause brack-
et debonding during normal functional conditions (1,4,9).
Studies have reported bracket debonding rates between
4.7% and 6% for light-curing and self-curing adhesives re-
spectively in a 6-month treatment period (12,13).

Bracket bond failure can increase both treatment time
and costs. To solve this, clinicians must replace the debond-
ed bracket. They usually choose between rebonding with a
new bracket or carry on with the same debonded bracket
after recycling (4,14). In both cases, the adhesive remnant
should be removed from the enamel surface and a new ad-
hesive protocol should be performed. This procedure would
not affect the SBS using LCC, but evidence is inconclusive
with RMGlI in this regard (15,16). Bracket recycling consists
of removing the adhesive material from the bracket base, al-
lowing rebonding in optimal conditions (17).

In in-vitro settings, thermocycling allows an approxima-
tion to oral conditions by simulating the permanence of
orthodontic adhesive in mouth for extended periods of
time (18). The results regarding SBS using new and recycled
metallic brackets are still controversial, especially if different
adhesive systems are used (14). The present study was con-
ducted in order to test the null hypothesis that there were no
statistically significant differences in SBS between new and
recycled metallic brackets bonded with light-cured compos-
ite resin (LCC) or resin-modified glass ionomer (RMGI) before
and after a thermocycling process.

Materials and Methods
Ethical statement

The present study was approved by the Scientific Ethical
Committee of Universidad de los Andes, Santiago, Chile.

Sample size estimation

The sample size calculation was carried out considering
a 3x2 factorial design and was calculated with the G*Power
3.1 program, aiming at a statistical power of 80%, and an al-
pha level of 5%. The sample size for each group was 12 teeth,
with a total of 72 teeth.

Study samples and experimental design

This in-vitro study was performed using human premolars
extracted due to orthodontic reasons. The selection criteria
for the teeth included: sound enamel without cracks or frac-
tures, hypoplastic areas, chemical pretreatments or damage
during extraction. The extracted teeth were stored in tap wa-
ter at room temperature (20°C to 25°C), which was renewed
once a week. Teeth were randomly divided into 6 groups.
Group 1 (control): New bracket bonded with light-cured
composite resin, Transbond XT (LCC) to conditioned enamel;
Group 2 (control): New bracket bonded with resin-modified
glass ionomer, Fuji Ortho LC (RMGI) to conditioned enamel;
Group 3: Rebonding with a new bracket using LCC to recon-
ditioned enamel; Group 4: Rebonding with a new bracket

using RMGI to reconditioned enamel; Group 5: Rebonding
with a recycled bracket using LCC to reconditioned enamel;
Group 6: Rebonding with a recycled bracket using RMGI to
reconditioned enamel.

Bonding protocol

Orthodontic stainless-steel brackets (Abzil Kirium, slot
0.022, MBT prescription with mesh-base size 80G, 3M, Bra-
zil) were bonded to the teeth following a standardized pro-
tocol. Each tooth was cleaned using low speed brush and
pumice stone, and then dried with oil- and moisture- free
air. Brackets were bonded by one calibrated operator (NI), in
the center of the buccal surface of each tooth following the
longitudinal axis of the crown, either with LCC or RMGI.

For groups 1, 3 and 5 brackets were bonded with Trans-
bond XT light-curing resin (3M Unitek, Monrovia, CA, USA).
The procedure included acid etching with a 37% orthophos-
phoric acid gel (3M Espe Scotchbond Universal Etchant,
Seefeld, Germany) for 30 seconds, followed by rinsing with
water spray for 30 seconds, and drying for 15 seconds with
oil-free compressed air. Adhesive primer (Transbond XT, 3M
Unitek, Monrovia, Ca, USA) was then applied with a micro-
brush and light cured, and then the brackets were bonded
with composite resin. Excess resin was removed with a Hol-
lenbeck carver (Hu-Friedy, Chicago IL, USA). Light curing was
performed with a 470 nm LED light (Bluephase Style, Ivoclar
Vivadent) at 1,700 mW/cm2 for 20 seconds.

For groups 2, 4 and 6 brackets were bonded with dual
polymerization resin-modified glass ionomer Fuji Ortho LC
(GC, Tokyo, Japan). The enamel was etched with the same
37% orthophosphoric acid (3M Espe Scotchbond Universal
Etchant, Seefeld, Germany) for 30 seconds, and rinsed with
water keeping the surface moist, according to the manu-
facturer’s recommendations. Excessive RMGI material was
removed with a Hollenbeck Carver. Light curing was per-
formed according to the manufacturer’s instructions with
the same light source as previously described for 40 sec-
onds, 10 seconds per side of the bracket.

Thermocycling

24 hours after bonding, all groups were subjected to ther-
mocycling between 5°C and 55°C for 5.000 cycles, simulat-
ing a 6 to 8 months intraoral natural aging process. The time
of permanence at each temperature level was 30 seconds
with 10 seconds of a transfer time between baths.

Bracket rebonding

After thermocycling, all brackets from the experimental
groups were debonded with bracket removal pliers (Den-
tamax, Santiago, Chile). The enamel in groups 3,4, 5 and 6
was reconditioned using a tungsten carbide bur with a low-
speed hand piece (Jota C21R Right Angle 012, US-No. 1158,
Switzerland) and followed by the same bonding protocol as
in the first bond.

For groups 3 and 4, the debonded brackets were discard-
ed and new brackets were bonded. For groups 5 and 6, the
debonded brackets were reconditioned by sandblasting
with 50 um aluminum oxide particles powder (Zeta Sand,
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Zhermack, Germany) from a distance of 10 mm, under an
air pressure of 5 bar, for 10 seconds or until no adhesive re-
mained at the base of the bracket. Finally, the brackets were
cleaned with acetone and dried with oil-free air. All the sam-
ples corresponding to the rebonding groups (3, 4, 5 and 6)
were thermocycled again.

Shear bond strength test

The teeth were mounted in self-curing acrylic blocks
(Marché®, Santiago, Chile) approximately 30 mm in diameter
and 10 mm in height. Shear force was applied parallel to the
bonding surface between the bracket base and enamel. A Bis-
co machine (Shear Bond Tester, Bisco Dental, Schaumburg, II-
linois, USA) was used to determine the shear bond strength at
a speed of 5 mm/min. Results were expressed in Mega Pascals
(MPa). The SBS test was performed within 24 hours after the
samples were removed from the thermocycling.

Bracket and enamel surface analysis

Bracket and enamel surface were examined using an op-
tical microscope with 2.5x magnification (Leica Micosys-
tems, Wetzlar, Germany) and photographed with a Canon
DSLR 700D reflex camera attached to the microscope. The
presence of enamel damage and adhesive remnant on the
bracket base were recorded. The adhesive remnant was cal-
culated as the area of the adhesive in relation to the area of
the bracket base, using a morphometric Software (AmScope
v3.7.13522, United Scope LLC, Irvine, CA, USA). (Figure 1).
The area of adhesive remnant on the bracket base was ex-
pressed as a percentage of the total surface area, in each
group, and the Adhesive Remnant Index (ARI) scale ranges
from 0 to 3 was stablished (19) (Table 1).

Statistical analysis

Shapiro-Wilk test was applied to test the data for normal-
ity. The SBS data did not show a normal distribution, there-
fore the non-parametric Fligner-Killeen ANOVA test was
used. The data on the amount of adhesive remnant was
normally distributed and the ANOVA test was applied. Tukey
post-hoc test was performed in case of finding statistically
significant differences, and the Chi-square test was applied
to the enamel damage analysis. The confidence interval was
set to 95% and p values less than 0.05. The statistical analysis
was performed using the RStudio statistical software (Rstud-
io Inc., Boston, MA, USA).

Results

There was no statistically significant difference in SBS
(p=0.848) between new brackets bonded to conditioned
enamel (13.1 MPa), new brackets rebonded to recondi-
tioned enamel (14.1 MPa) and recycled brackets rebonded
to reconditioned enamel (13.7 MPa). On the other hand, SBS
of brackets bonded with LCC (15.7 MPa) was significantly
higher than that of brackets bonded with RMGI (11.6 MPa)
(p=0.006). (Table 2, Figure 2 and 3)

Regarding to the percentage of adhesive remnant on the
bracket base, there was no statistically significant difference

between a new bracket bonded to conditioned enamel, a
new bracket bonded to reconditioned enamel and a recy-
cled bracket rebonded to reconditioned enamel (p= 0.078).
Statistically significant differences were found for the type of
adhesive. The percentage of LCC remaining on the bracket
base was significantly higher (p= 0.00014) than when RMGI
was used (Table 3).

Table 3 shows the distribution of ARI scores and the pres-
ence of enamel fractures found during the shear bond
strength test. In all groups, the most common failure was of
the adhesive type located at the cement-enamel interface.
Enamel fractures during the shear strength test were found

Figure 1. Diagram of the adhesive area in relation to the bracket
base.

Table 1. Adhesive Remnant Index score

Score Adhesive Remnant Index

0% adhesive on the enamel, 100% on the bracket.

g Adhesive failure

Less than 50% adhesive on the enamel, more than 50%
on the bracket. Adhesive failure

More than 50% adhesive on the enamel, less than 50%
on the bracket. Cohesive failure

100% adhesive on enamel, 0% on the bracket. Cohesive
failure

30 -_—

25

MPa
>
1

LCC RGMI

Adhesive

Figure 2. Boxplot of the effect of adhesives on SBS.
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in 7 samples. Two samples belonged to group 1, one sam-
ple to group 2, three samples to group 5 and one sample to
group 6 (Table 4 and Figure 4).

The Chi-square homogeneity analysis showed a homoge-
neous distribution among the combination of factors (type
of bracket and type of adhesive), with no significant differ-
ences for the enamel fracture variable (p=0.947).
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Figure 3. Boxplot of the effect of new or recycled brackets on SBS.

Table 2. Effect of adhesives and new or recycled brackets on SBS

Discussion

Several authors have assessed the effects of using sand-
blasted recycled brackets on SBS, bonded with composite
resin cement materials (17,20,21). These studies tested SBS
including a thermocycling process, but the enamel was not
reconditioned, as the present work did, in order to better
emulate a clinical setting. Nevertheless, SBS values were
similar to ours, and the mean SBS was higher than the mini-
mum recommended for all groups.

The results of our study showed no significant difference
on SBS using new or recycled brackets. Consequently, the
null hypothesis of the study was accepted. Some authors
reported higher SBS values with recycled brackets, which
is attributed to the sandblasting process, that may increase

Figure 4. Enamel fracture after SBS test.

Mean
Group Adhesive N SD Range (MPa) p-value
(Mpa)
1 LCC (Transbond XT) 36 15,7 6,7 6,1-30,6
0,00592
2 RMGI (Fuji Ortho LC) 36 11,6 53 45-244
Mean
Group Bracket N SD Range (Mpa) p-value
(Mpa)
1 New Bracket 24 13,1 6,7 54-30,6
Rebonding with New
2 Bracket 24 14,1 6,5 4,5-26,9 0,84803
3 Rebonding with 24 13,7 6,2 45-244

Sanblasted Bracket

SD: Standard desviation p-value < 0,05

Table 3. Effect of adhesives and new or recycled brackets on the adhesive remnant in the bracket base

ARI
Group Bracket N Mean (%) SD Range (%) p-value
01 2 3
1 New 24 2 220 0 75,7 14,4 56,1-100 0,07777
2 Rebonding with New 24 1203 O 71,8 18,9 32,7-100
Bracket
3 Rebonding with 24 0 195 0 65,2 19,6 35,8-91,7
Sanblasted Bracket
ARI
Group Bracket N Mean (%) SD Range (%) p-value
01 2 3
1 LCC 36 2 32 2 0 78,6 16,3 35,2-100 0,00013
(Transbond XT)
2 RMGI 36 129 6 0 63,3 16,6 32,7-100

(Fuji Ortho LC)

SD: Standard deviation p-value < 0,05




100

Ibarra N, et al.

Table 4. Distribution of ARI scores and enamel fracture

ARI :
Group Bracket Adhesive N Mean Adheoswe SD Range (%) Enamel
0 1 3 Percent (%) Fracture
1 New LCC (Transbond 12 2 10 0 82,7 13 63,1-100 2
XT)
2 RMGI (Fuiji 12 0 12 0 68,8 12,5 56,1 -83 1
Ortho LC)
3 Rebonding LCC (Transbond 12 0 12 0 83,7 10,9 62,9-92,5 0
with New XT)
4 Bracket RMGI (Fuji 12 1 8 0 59,9 17,9 32,7-100 0
Ortho LC)
5 Rebonding LCC (Transbond 12 0 10 0 69,3 204 352-96 3
with XT)
6 sanblasted gy G| (Fuji 12 0 9 0 61,1 187 358-91,7 1
Bracket Ortho LC)

SD: Standard deviation p-value < 0,05

bracket bonding surface area (15,22,23). Conversely, sev-
eral studies have reported a reduction in SBS in recycled
brackets, but with values that are consistently higher than
the minimum recommended SBS for bracket bonding
(5,11,12,24). The variations between the studies could be
explained by differences in the recycling procedure, instru-
mentation, storage solution and thermal cycling, among
others. Despite subtle differences, the use of new or recycled
brackets yields SBS values that are appropriate in a clinical
setting (11,12,24,25).

It has been reported that enamel reconditioning could re-
duce SBS compared to when it is cemented to intact enamel
conditioned for bracket bonding, which is attributed to the
depth achieved by acid etching procedure, that does not al-
low the complete removal of the adhesive (12,24,25,26). In
our study, however, no significant differences were observed
in SBS neither at rebonding in reconditioned enamel nor us-
ing recycled or new brackets.

Our results did show significant differences in SBS be-
tween LCC and RMGI, which was lower in RMGI groups. Both
groups, however, displayed SBS mean values higher than
the acceptable limit. These results are consistent with previ-
ous studies reported in the literature (26-28). Both, LCC and
RMGI appear to have appropriate adhesive properties for
orthodontic bracket bonding, even on reconditioned enam-
el during a rebonding procedure, although RMGI could be
more prone to failure if exposed to shear forces.

ARl index is frequently used for adhesive remnant assess-
ment, but comparison between studies is difficult due to
variations in their reporting methods (12,15,21,22). In the
present study the adhesive remnant was first determined as
a percentage of the area of the bracket base covered by the
orthodontic cement after debonding. Then, the ARl index was
established based on the afore mentioned percentage (19).

Some studies have reported higher adhesive remnant
in the recycled brackets, because the sandblasted surface
could increase the surface area for bonding, and thus the
mechanical retention (9,10). It has also been suggested that
bracket recycling has no apparent effect on ARl results when
using LCC (12). In the present study no statistically signifi-

cant difference was found between new or recycled brack-
ets in reconditioned enamel on adhesive remnants. Most of
the adhesive remaining on the base of the analyzed brack-
ets covered more than 50% of the surface, suggesting that
adhesion failure was at the adhesive-enamel interface in all
groups. This can be clinically important because it would al-
low faster and easier reconditioning of the enamel surface.
On the other hand, significant differences were found be-
tween the LCC and RMGI groups on adhesive remnant of the
bracket, being higher in RMGI group.

A greater number of enamel fractures during bracket
debonding has been described when SBS reaches values ex-
ceeding 13 Mpa (15). From the 7 samples with enamel frac-
tures in the present study, 6 of them had SBS values higher
than 13 Mpa. This suggests that enamel fractures are not
exclusively related to shear strength and may be associated
with individual variations in enamel structure or even brack-
et base design (29). Comparison of these results with other
studies is especially difficult because most studies of bracket
recycling did not report data of the presence or absence of
enamel fractures (12,15,17,20-22,24,25).

During bracket bonding procedures, RMGI cements could
be a better option in cases with high risk of caries and/or
excessive salivation, because it releases fluoride and can be
used in a humid environment. These aspects should be con-
sidered and contrasted with the more accessible pricing and
the higher SBS achieved with LCC orthodontic cements (1).
Both orthodontic cement systems provide the orthodontists
with excellent bonding alternatives that can be selected ac-
cording to clinical requirements.

Although the present article presents relevant informa-
tion regarding the SBS of new and recycled metallic brack-
ets bonded with different adhesive materials after a thermo-
cycling process, this study was performed in vitro, using a
specific experimental model. The limitations of this study are
related to all the clinical variations that are relevant for the
occurrence of bracket debonding and cannot be assessed
in vitro. These clinical variations include masticatory force,
interindividual behavioral, functional, anatomical, and intra-
oral factors, as well as variations in enamel thickness among
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individuals. All these factors can clinically define the ten-
dency of a bracket to debond and could not be evaluated
in our in vitro study. Nevertheless, the results presented in
this study may be relevant for the design of in vivo clinical
studies on this topic in the future.

Conclusion

No significant differences were found for SBS between
new or recycled brackets bonded in conditioned or recon-
ditioned enamel. SBS provided by LCC (Transbond XT) was
significantly higher than that achieved using RMGI (Fuji
Ortho LC). Neither enamel reconditioning nor bracket re-
cycling presented a negative impact on SBS. On the other
hand, the adhesive failure prevailed at the cement-enamel
interface in LCC and RMGI groups, with the remaining adhe-
sive material covering more than 50% of the bracket surface.
The presence of enamel fractures following SBS test was not
associated with any adhesive system.

Tiirk¢e ozet: Farkli adeziv malzemeler kullanilarak yapistirilan yeni
ve geri dontistiirilmiis metalik braketlerin kesme bag dayaniminin
karsilastinlmasi. Bir in vitro ¢alisma. Amag: Bu ¢alismanin amaci
yeniden islem gérmiis ve gérmemis mineye iki farkl adeziv malzeme
kullanilarak yapistirilan yeni ve geri dénlistiiriilmiis metalik braketlerin
kesme baglanma mukavemetini (SBS) dederlendirmek ve karsilastir-
maktir. Gereg ve Yontem: 72 adet ¢ekilmis saglam insan kiiclik azi disi
rastgele 6 gruba aynildi. Adeziv materyal olarak Transbond XT isikla
sertlesen kompozit (LCC) ve Fuji Ortho LC recine ile modifiye edilmis cam
iyonomer (RMGI) kullanildi. Grup 1 ve 2'de (kontrol), sirasiyla LCC veya
RMGI kullanilarak saglam kii¢lik azi dislerine yeni braketler yapistirildi.
Grup 3 ve 4'te, yeniden islem gérmtis mineye yeni braketler yapistirildi;
ve 5. ve 6. gruplarda, kumlanms geri déndistiirtilmlis braketler, islem
gdrmiis mineye yeniden yapistirildi. 5°C ile 55°C arasinda 5.000 termal
dbéngliden sonra, SBS degerlendirildi ve mine lizerindeki adeziv kalinti
ARl indeksi kullanilarak degerlendirildi. Istatistiksel analizler Shap-
iro-Wilk, ANOVA, Fligner-Killeen ANOVA ve Tukey testlerini icermektedir.
Bulgular: istatistiksel analiz, yeni veya geri doniistiiriilmiis braketler
icin kontrol ve deney gruplarini karsilastiran SBS>de anlamli bir fark
gOstermedi (p = 0.848). SBS, LCC (15,7 MPa) ile baglanmis braketlerde
RMGhden (11,6 MPa) 6nemli dl¢lide daha ytiksekti (p = 0,006). Yapistirici
ayrilmasi, en sik braket tabaninin %50den fazlasini kaplayan yapiskan
kalintisi ile birlikte gbzlendi. Sonug: Mine yiizeyinin gérdiigi islemden
bagimsiz olarak, yeni veya geri dontistiiriilmiis braketler kullanilarak
SBSde 6nemli bir fark gézlenmedi. LCC adeziv ile 6nemli 6l¢tide daha
yliksek SBS degerleri elde edildi. Adeziv kopma tipi tiim gruplarda
hakimdi. Anahtar Kelimeler: Kesme baglanma dayanimi, metalik bra-
ketler, adeziv malzemeler, geri déniisiimlii braketler, termal déngdi
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