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INTRODUCTION 

Bond failure of orthodontic brackets during 
the course of treatment is a common occurrence, 
whatever the technique or the adhesive used (1-2). The 
majority of bond failure is the result of technique 

sensitivity. It might be due to poor moisture  
control. (3) Incomplete etching due to deficient 
cleaning of the tooth surface before etching, (4) 
variation in etching time and inadequate curing time 
were also found to affect SBS.(5) Moreover, it may 
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ABSTRACT

Introduction: Bracket dislodgment is a common orthodontic problem. The clinician might has 
the option of reusing the old bracket after recycling rather than replacing it with a new one. 

Purpose: This current invitro study was designed to compare the effect of recycling of self-
ligating brackets on shear bond strength (SBS) of both flowable composite and self-etch primer. 

Materials & Methods: Thirty extracted premolars were randomly divided into two groups of 
15 teeth per each according to the type of adhesive used. In group I, self-ligating (Damon) Brack-
ets were bounded with flowable composite Grandio Flow (GF) and in group II were bonded with 
Transbond plus self-etch primer (SEP). All the specimen were subjected to recycling by a low speed 
carbide debonding burs. The Universal Testing Machine was used to measure SBS. The mode of 
bond failure was evaluated by the adhesive remnant index (ARI). The data was analysed with T-test 
while ARI scores were evaluated by Wilcoxon test. 

Results: There was a significant difference between the two tested groups (P< 0.05). Flowable 
composite (GF) showed a significantly higher SBS than self-etching primer (SEP), for both before 
and after recycling. After recycling there was a nonsignificant difference in SBS of the two groups 
(P > 0.05), for ARI, there was a nonsignificant difference between the two tested groups (P > 0.05). 

Conclusion: Self-ligating Damon brackets bonded with (GF) and (SEP) could be successfully 
recycled by low speed debonding bur. GF was superior in SBS. 
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occurs if the patients did not follow the restricted 
diet as instructed by the clinician.(4) Another 
cause of bond failures related to the initial tooth  
position.(6)

The mode of bond failure may be in a combina-
tion of adhesive and/or cohesive failure. Adhesive 
failures occur between two materials, while cohe-
sive failures occur within one material. It may be at 
the enamel/ adhesive interface, at the bracket-adhe-
sive interface and within the adhesive resin. (7)

The clinicians have to take the decision about 
what to do with the dislodged or inaccurately po-
sitioned brackets. Weather to use a new one or re-
cycle the old bracket.(8-9) Recycling seems to be an 
alternative to facilitate the reuse of the dislodged 
brackets.(10)

The clinically accepted SBS is ranging between 
6 and 8 MPa to obtain are liable and efficient adhe-
sive bond between orthodontic brackets and enamel 
surface (11). Recycling of the brackets should achieve 
SBS comparable to that of the clinically accepted 
values. SBS of the recycled brackets is affected by 
several factors including the type of bracket and ad-
hesive used, the amount of adhesive remnant, the 
method used for adhesive removal and the design of 
the brackets base. (12)

Various instruments and procedures were in-
troduced to facilitate rebonding with an efficient, 
simple and safe method of adhesive removal. These 
includes mechanical methods as tungsten carbide 
burs,(13-14)diamond burs,(15) sandplasting(13) and so-
flex disc(16). There are also thermal, chemical meth-
ods(17) and laser recycling(18). 

From the economic point of view, it is valuable 
to recycle the relatively expensive Damon brackets, 
without interfering with the quality. Therefore this 
study was conducted to compare SBS of GF and 
SEP for recycled Demon brackets, which might im-
prove and simplify the bonding procedure. 

AIM OF THE WORK

The aim of the present study was to compare the 
SBS of (GF) and (SEP) used for recycled self–ligat-
ing (Damon) brackets. Also to evaluate the failure 
mode.   

MATERIALS AND METHODS:  

This current invitro study was carried out on 
thirty extracted first premolars for orthodontic pur-
poses. The post-hoc power percentage (97.60%) in-
dicated that the power of sample size was adequate 
(tabel.1)

TABLE (1): Post-hoc power analysis of sample size 
for SBS analysis.

Post-hoc PowerMean ±S.D NumberGroup

%97.60
2.42±18.7215Group I

2.05±15.6115Group II

This study was done according to the Orthodon-
tic Department research plane which approved by 
the Faculty of Dentistry, Tanta University’s council. 

The selection criteria included, intact buccal 
enamel surface without any defect or restoration 
and caries free, the collected teeth were rinsed and 
kept in saline solution at room temperature, which 
was changed every two weeks. The buccal enamel 
surface of each tooth was bonded with Damon 3MX 
self – ligating brackets (Ormco corporation, Orange 
Co., CA, USA).The enamel surface of each tooth 
was polished with fluoride-free pumice and rubber 
cup for 10 seconds, sprayed with water and dried 
with compressed oil-free stream. 

The samples were randomly divided into two 
equal groups according to the adhesive system 
used into group (1) and group (2). All steps 
were performed according to the manufacturer’s 
instructions.
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In group (1) (n=15) was etched with 37% phos-
phoric acid for 30 seconds, rinsed and dried then 
sealed with flowable composite resin, Grando Flow 
(GF) (Voco, Cuxhaven, Germany) with TXT prim-
er, GF was applied following TXT protocol.

In group (2) (n = 15) was sealed with trans-
bond Plus Self – Etching primer (3 Munitek, South 
Peck Road, Morovia, USA) which etch and prime 
the teeth at the same time without separate etching 
agent.

Each bracket was positioned on the buccal sur-
face, in the middle third of the crown, it was pressed 
firmly and excess resin was removed using a sharp 
scalar and light cured for 20 seconds.

All the specimens were mounted in an acrylic 
blocks with the crown only exposed, the acrylic 
blocks were color coded according to the study 
groups, group (1) taking pink colour and group (2) 
taking green colour. SBS was measured for both the 
two tested groups before and after recycling process 
by a Universal Testing Machine at the Department 
of Dental Biomaterials, Faculty of Dentistry, Tanta 
University (fig.1). Each sample was fixed to stable 
lower part of the machine. A sharp steel blade was 
secured to the mobile upper part of the device. Each 
sample was subjected to a compressive shear load 
at across head speed of 1mm./min. till failure. The 
force needed to displace every bracket was calculat-
ed in Newton and the SBS was estimated by divid-
ing the load by the surface area of the bracket base 
to obtain SBS in megapascal (MPa).

After initial debonding and SBS measurements 
all specimen were recycled by removing the adhe-
sive from bracket base and enamel surface using 
low speed carbide debonding bur (db orthodontics.
co.uk) (fig.2). A new bure was used every 5 sam-
ples. The adhesive remnant on the enamel surface 
was removed until it becomes glossy without any 
visible composite, rebonding was again carried out 
of enamel with the same previous method and then 
debonding was done with the Universal Testing  

Machine for measuring the SBS of the recycled 
brackets.

The quantity of the residual adhesive on each 
tooth was assessed according to adhesive remnant 
index (ARI) as described by Arturn & Bergland (19). 
The bracket base and enamel surface were exam-
ined under 10x magnification and given score from 
0 to 3 as follow:

·	 Score 0: no adhesive left on the tooth surface.

·	 Score 1: less than half of the adhesive left on the 
tooth surface.

·	 Score 2: more than half of the adhesive left on 
the tooth surface.

·	 Score 3: all the adhesive left on the tooth surface 
with distinct impression of the bracket base.

Statistical analysis:

The collected data was statistically analyzed. 
Mean and standard deviation of SBS were assessed 
using SPSS, statistical package for social sciences, 
version 24.  T-test was utilized to compare SBS be-
tween the tested groups before and after recycling 
and Wilcoxon test was assessed for evaluation of 
ARI. Differences were considered significant at 
P<0.05.

Fig. (1) Universal Testing Machine. Fig. (2) Debonding burs
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RESULTS 

Descriptive statistics of SBS of both groups was 
demonstrated in table (2). Paired t-test showed that 
there was a non significant difference (P > 0.05) of 
SBS before and after recycling in the two tested 
groups (table 2). Independent t-test showed that 
there was a significant difference of SBS (P <0.05) 
between the two tested groups before and after re-
cycling (table 3), with the higher mean value of 

SBS of group 1 (before recycling 18.72MPa & after 
recycling 17.40 MPa) than that of group 2 (before 
recycling 15.61 MPa& after recycling 14.13 MPa).

Concerning ARI scores, statistical analysis of 
Wilcoxon- test showed that there was a non sig-
nificant difference (P> 0.05) among all the tested 
groups before and after recycling, with the higher 
frequency of score 1 and 2 (table 4).

TABLE (2) Descriptive statistics and paired t-test of SBS before and after recycling.

S.B.S Mean±S.D  Median Range t-value p-value

Group I
Before 2.42±18.72 19.40 23.20—15.20

1.829 0.079
After 2.10±17.40 17.30 21.30—12.60

Group II
Before 2.05±15.61 16.50 19.70—12.56

2.027 0.062
After 1.87±14.13 14.60 17.30—10.20

TABLE (3) Independent t-test between group I and group II of SBS between the two tested groups before 
and after recycling. 

S.B.S Mean±S.D t-value p-value

 Before
Group I 2.42±18.72

3.798 *0.001
Group II 2.05±15.61

 After
Group I 2.10±17.40

4.504 **0.000
Group II 1.87±14.13

*Significance at P <0.05

TABLE (4) Wilcoxon test of (ARI) if the two studied groups before and after recycling.

 Groups
 )%(N

0=ARI 1=ARI 2=ARI 3=ARI
 Z p-value

)%(N )%(N )%(N

Group I
Before )%20(3 )%53.3(8 )%26.7(4 )%0(0

1.249 0.905
After )%13.3(2 )%40(6 )%40(6 )%6.7(1

Group II
Before )%20(3 )%46.7(7 )%33.3(5 )%0(0

0.212 0.366
After )%6.7(1 )%53.3(8 )%33.3(5 )%6.7(1
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DISCUSSION

There is a trend in orthodontics to simplify the 
technical procedures, reduce operative time and 
treatment coast, but without interference with the 
efficiency. Hence, this study was performed to com-
pare SBS of the recycled Damon brackets using GF 
composite and SEP. In this study all the brackets 
were bonded then debonded and SBS was recorded 
as a control for the recycling process as performed 
by Andrew et al (20).

The use of Damon self- ligating brackets with 
low friction and light force helps in improving treat-
ment quality, increasing patient’s comfort, decreas-
ing treatment time and minimal chair-time (21), also 
with accepted SBS(22). So, the relatively expensive 
Damon brackets, were recycled in this study. 

Among the several introduced orthodontic ad-
hesives, SEP was found to simplify the bonding 
procedures, as it combined both the conditioner and 
the primer into a single solution thus reducing the 
clinical steps. (23) Also, GF produces desirable clini-
cal advantage because of its fluid injectability, high 
flexibility and low modulus of elasticity. (24)

There are different techniques for adhesive re-
moval from the bracket base and enamel surface 
but without detection which produces optimal 
bond strength and minimal damage to the enamel  
surface (3). The use of in-office method for time con-
suming as low speed debonding carbide bur was 
considered as a simple, fast, efficient and economic 
method of adhesive removal.

The results of this laboratory study revealed that 
self-ligating Damon brackets could be successful-
ly recycled by debonding bur at low speed with a 
nonsignificant difference in SBS between the two 
groups of bonding agents with the higher SBS of 
GF composite over SEP before and after recycling. 
This is in accordance with Behnam et al (25). who re-
ported that using tungsten carbide bur at high and 
low speed was comparatively superior with nonsig-

nificant difference in SBS of the recycled brackets, 
while sandplasting was time consuming and dam-
aging the enamel surface even it might produce 
sufficient SBS. Also Bayram et al (15) reported that 
bracket recycling with diamond bur was effective 
and resulted in accepted SBS. This might be due to 
the less abrasion effect of the retentive mesh of the 
bracket when using low speed debonding bur. On 
the other hand, other studies considered recycling 
with adhesive grinding methods  produce signifi-
cant reduction in SBS. (26-27)

In agreement with this study, GF showed a higher 
SBS (28) .The difference in SBS of the studied adhe-
sives might be due to the difference in composition 
and bonding affinity. GF with TXT primer con-
tains inorganic filler, thus producing small contact 
angels, good wetting , preventing formation of air 
voids and resulting in high penetration coefficient 
with both the enamel surface and brackets mesh . 
It was recommended that SEP showed a lower but 
clinically accepted SBS (29), this might be attributed 
to the lesser retention micromechanical undercuts 
produced by SEP adhesive system. 

 In this study the failure mode or ARI showed a 
nonsignificant difference among the tested groups 
before and after recycling with a higher frequency 
of score 1 and 2, this indicate a mixed adhesion mo-
dality. This is on line with the work of Sfondrini et 
al (22) .

It has to be remembered that all the invitro labo-
ratory studies of SBS could not predict clinical per-
formance but could be considered only as a screen-
ing tool (30).

CONCLUSION 

Recycling of self- ligating Damon brackets us-
ing low speed debonding bur was efficient, simple, 
time saving and provide adequate SBS, with cost 
benefit for both orthodontist and patient, using flow-
able composite (GF) might be comparatively supe-
rior over self-etching primer (SEP) in SBS. 
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RECOMMENDATIONS

Further studies are required to evaluate the long- 
term clinical performance of the recycled Self- Li-
gating Demon brackets and the changes of enamel 
surface after recycling.
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