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Introduction:
Increased demand for esthetics resulted 

[1],[2]in the evolution of ceramic brackets . 
Besides the high esthetic value ceramic 
b r a c k e t s  h a v e  p o o r  f r a c t u r e  

[3],[4]toughness . Enamel has little ability to 
absorb stress and is likely to be damaged 

[5]during debonding of ceramic brackets . 
Enamel fracture or the appearance of 
fracture lines during debonding is related 
to the high bond strength of ceramic 
brackets and seems to be associated with 

[3],[6],[7],[8]sudden impact loading .

Various techniques for debonding 
[9],[10],[11]ceramic brackets were developed . 

However, an evaluation of effects of 
various debonding techniques on the 
enamel surface is required to gain 
knowledgeof their clinical success. 
Hence this study was undertaken with the 
aim to evaluate the enamel surface 
characteristics following debonding of 
ceramic brackets using different 
debonding techniques.
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Materials & Methods:
Sixty extracted human maxillary 
premolar teeth which are free of caries, 
restorations and wasting disorderswere 
collected, cleaned using ultrasonic 
cleaner and stored in normal saline.

All the samples were examined for 
surface defects under stereomicroscope 
( S Z X 1 0  O l y m p u s ) w i t h  1 0 X  
magnification. Teeth with surface defects 
were eliminated and final sample of 60 
teeth were mounted in the wax blocks 
(Figure 1) and prepared for the bonding 
procedure.

Bonding Procedure
1. Enamel surface was etched with 37% 

phosphoric acid (d-tech) for 30 
seconds, rinsed thoroughly with 
water and dried with moisture free air 
until enamel had frosty appearance.

2. Primer (Transbond XT, 3M Unitek) 
was applied to the etched enamel 
surface in a thin film and photo 
polymerized for 10 seconds.

3. Adhesive (Transbond XT, 3M 
Unitek) was applied and the brackets 
were positioned properly on samples, 
excess flash was removed and 
polymerized for 20 seconds.

After proper bonding, the samples were 
randomly divided into 4 equal groups.

Group 1:
The first group of 15 teeth was debonded 
with conventional debonding plier 
(Skodi Orthodent) (Figure 1). The 
stainless steel blades of the plier were 
wedged at the bracket adhesive interface 
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Fig 1: Conventional Debonding.
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bonded enamel surface was free of 
composite resin.
Type 3: Ten percent or less of the bracket 
base was exposed and 90% or more of the 
bonded enamel was free of composite 
resin.
Type 4: Fracture of the bracket during 
removal left a portion of the bracket still 
bonded to the enamel.
Type 5: A portion of the enamel was 
removed with the bracket base without 
loss of more than 10% of the composite 
resin from the bracket pad.

During the process of deboning the 
failure rate of the brackets (BF) was also 
recorded on a scale of 0 to 4, where 0 = no 
fracture, 1 = 1-wing fracture, 2 = 2-wing 
fracture, 3 = 3-wing fracture, and 4 = total 
fracture.

Following debonding, two teeth from 
each group having highest ARI scores 
were examined using scanning electron 
microscopic (SEM) (Hitachi, S - 3400N, 
Japan)to record the enamel surface 
details such as fractures, cracks or surface 
gouging.

Statistical Analysis:
Descriptive statistics were calculated 
individually for ARI, SF & BF in each 
group which included Mean and 
Standard Deviation.

One way ANOVA test followed by 
Tukey’s post hoc procedure was done for 
the comparison among the four groups. 
The data management was done in 
Statistical Package for Social Science, 
version 17(SPSS Inc., Chicago, Illinois, 
USA) and the ‘p’ value was set at 0.001 
for all tests.

Results:
In the present study, enamel damage 
following debonding was assessed using 
ARI, site of bond failure and bracket 
failure indices. The enamel surface 
topographic details were evaluated under 
scanning electron microscope at 25X and 
40X magnifications.

The results of the Adhesive Remnant 
Index, Bracket Failure and Site of bond 
Failure were shown in (Table 1). Mean 
ARI, BF, SF were calculated and 
compared among the study groups with 
ANOVA.

(Table 2), shows the comparison of ARI 
among the four study groups. The results 

25Watt soldering rod that can produce a 
temperature of about 400 – 500 °c as 
measured using the thermocouple(Data 
Logger AI – 800 D, ACE Instruments, 
Hyderabad) (Figure 2). The tip of the 
unit was placed over the bracket for a 
period of 5 to 6 seconds for heat 
application and the heat generated was 
recorded with a digital meter attached to 
thermocouple. After application of heat 
for a brief period, the brackets were 
debonded with the conventionl  
debonding plier.

Group 3:
In this group TFI-1000, 25K Ultrasonic 
tip and the Cavitron Ultrasonic unit 
(Dentsply) were used to debond the 
brackets (Figure 3). The tip was placed at 
the adhesive bracket interface with the 
bevel of the scalar tip towards the bracket 
and was moved in a mesiodistal direction 
until a groove or "purchase point" 
approximately 0.5 mm in dimension was 
created in the composite between the 
bracket base and the enamel surface. A 
rocking motion was then applied to break 
the bond and facilitate bracket removal.

Group 4:
In the fourth group the teeth were placed 
in the peppermint oil (L-Menthol: 37-
40%, Falcon Essential Oils, Banglore) 
for 5min followed by debonding the 
brackets using conventional plier 
(Figure 4).

After debonding, Adhesive Remnant 
Index (ARI) was scored using 
stereomicroscope at 10X magnification. 
Score 1 – All the composite remained on 
the tooth
Score 2 – More than 90% of composite 
remained on the tooth
Score 3 – More than 10% but less than 
90% of composite remained on tooth
Score 4 – Less than 10% of composite 
remained on the tooth surface
Score 5 – No composite remained on the 
enamel

A note was made on the site of bond 
failure (SF) during debonding as a part of 
scoring the remnant adhesive as follows.
Type 1: Ninety percent or greater of the 
bracket pad was exposed and 10% or less 
of the bonded enamel was free of 
composite resin.

Type 2: Less than 90% but more than 
10% of the bracket pad was exposed or 
more than 10% but less than 90% of the 

and a gentle squeezing action was applied 
until bond failure occurred.

Group 2:
In the second group brackets were 
debonded by application of heat using 
customized electrothermal debonding 
unit (25Watt soldering unit, Poze 
electronics , New Delhi) which was a 

Fig 2: Electrothermal Debonding.

Fig 3: Ultrasonic Debonding.

Fig 4: Chemical Debonding.
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Bracket failure during debonding was 
scored based on the criteria given by 

[16]Pramod.K.Sinha et al . And for 
determination of the location of bond 
failure the samples were classified into 5 
types based on the scoring criteria given 

[17]by Hyer.K.E  which was later followed 
[18]by Joseph M. Bordeaux et al  in 1994 

[19]and Vittorio Cacciafesta et al  in 1998.

Conventional debonding technique
The delamination technique as advocated 

[5] [20]by Swartz ML , Samir E. Bishara et al  
[16]and Pramod K.Sinha et al  was used. 

The pliers work either through the 
deformation of the bracket, breaking the 
bond at the bracket adhesive interface or 
by stressing the adhesive to its ultimate 
strength causing a cohesive failure within 
the composite resin and sometimes the 
failure may occur at the adhesive–enamel 
interface as stated by Samir Bishara et 

[21]al .

About 46.6 % of the brackets had ARI 
score of 4 and 33.3% had a score of 5 
which is in agreement with the ARI 

[20],[21]scores reported by Bishara et al . 
Bracket failure rate was very minimal 

[20]however Bishara et al  in 1990 
registered a bracket failure rate upto 35%. 
About 90% samples had bond failure at 
the enamel adhesive interface with more 
chance of enamel damage.

When viewed under Scanning electron 
m i c r o s c o p e  a t  2 5 X  a n d  4 0 X  
magnification (Figure 5), the enamel 
surface of the conventionally debonded 
samples showed enamel cracks and loss 
of surface enamel. These findings were 

[10]similar to those of Keith V.Krell et al , 
where the conventional debonding plier 
(Unitek) was used. However, Samir 

[20]E.Bishara et al  (1990) showed no 
evidence of enamel damage though the 
site of bond failure was at adhesive 
enamel interface.

Electrothermal debonding technique 
(EDT)

[22]Several authors Margurite Crooks et al , 
[6]Thomas.B.Redd et al , Joseph.S.Dogvan 

was significantly more for group 1 than 
group 2 and 3. Similarly group 4 had 
higher mean SF than group 2 and 3. No 
significant difference in the mean SF was 
seen between group 1 and 4, group 2 and 
3.

SEM examination of the conventionally 
debonded samples showed enamel 
cracks and complete loss of perikymata at 
40X magnification. The samples in 
electrothermal debonding group showed 
remnants of the adhesive, disturbance in 
the perikymatous structure and few areas 
of enamel surface loss. Ultrasonically 
debonded samples had gouging of the 
surface enamel where the scalar tip was 
placed for the purpose of debonding. 
Enamel surface of the chemically 
debonded samples showed remnants of 
adhesive with ill defined perikymata.

Discussion:
It is an important consideration that the 
entire bracket be removed in full while 
debonding because any sort of fracture of 
bracket will result in patient discomfort, 
increased chair side time and the 
possibility of swallowing or aspirating a 

[ 1 2 ]bracke t  f r agmen t .  D i ff e r en t  
manufacturers have come forward with a 
variety of debonding techniques, 
claiming the safety of ceramic bracket 
debonding.

The ARI scoring was based on the criteria 
[13]followed by Samir Bishara et al  in their 

study in 1995 which was later adopted by 
[ 1 4 ]M a r c . E . O l s e n  e t  a l  a n d  
[15]Lina.P.Theodorakopoulou et al .

showed that Mean ARI was significantly 
different among the 4 study groups 
(p<0.001) with highest ARI scores of 
4.07 ± 0.88 and 4.13 ± 1.13 for 
conventional and chemical debonding 
t e c h n i q u e s  r e s p e c t i v e l y.  T h e  
electrothermal and ultrasonic debonding 
techniques had scores of 2.27 ± 0.08 and 
2.42 ± 0.52 respectively. Post-hoc 
analysis was done to evaluate inter-group 
comparisons. The Mean ARI was 
significantly more for group 1 than group 
2 and 3. Similarly group 4 had higher 
mean ARI than group 2 and 3. No 
significant difference in the mean ARI 
was seen between group 1 and 4, group 2 
and 3.

(Table 3), shows the comparison of the 
Bracket Failure (BF). In Conventional 
debonding technique one sample was 
fractured completely including the 
bracket base and tie wings and two other 
samples showed minor bracket base 
fracture. No BF was recorded in other 
groups.

(Table 4), shows the comparison of site 
of bond failure among the four groups. 
The results showed that Mean SF was 
significantly different among the 4 study 
groups (p<0.001) with chemical 
debonding group having the highest 
mean score of 3.20 ± 0.56 followed by 
conventional debonding group with a 
m e a n  s c o r e  o f  2 . 8 7  ±  0 . 5 2 .  
Electrothermal and ultrasonic debonding 
groups had mean scores of 1.47 ± 0.64 
and 1.47 ± 0.52 respectively. The Post-
hoc Tukey’s test showed that the mean SF 

Table 1 : Ari, Bf, Sf Scores In Various Debonding Techniques

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Conventional

Group – 1

ARI

4

4

4

3

4

4

5

3

5

2

4

4

5

5

5

BF

0

0

0

0

0

0

0

0

4

0

0

0

0

0

0

SF

III

III

III

II

III

III

III

II

III

II

III

IV

III

III

III

Electrothermal

Group – 2

ARI

2

3

3

2

2

2

2

4

2

3

1

1

2

2

3

BF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

SF

I

II

II

I

I

I

I

III

II

II

I

I

I

I

II

Ultrasonic

Group – 3

ARI

2

3

3

2

2

2

3

3

3

2

2

3

2

2

3

BF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

SF

I

II

II

I

I

I

II

II

II

I

I

II

I

I

II

Chemical

Group – 4

ARI

5

4

2

2

5

5

5

5

5

3

4

5

4

5

3

BF

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

SF

III

II

IV

IV

III

III

III

III

III

IV

III

III

III

III

IV

Table 2 : Comparison Of Ari Scores Among The 4 Study 
Groups

ARI

95% CI

[1]Conventional

Mean

4.17

3.58

SD

.88

4.56

[2]Electrothermal

Mean

2.27

1.82

[3]Ultrasonic

Mean

2.47

2.18

SD

.52

2.75

[4]Chemical

Mean

4.13

3.51

SD

1.13

4.76

p-

value

<0.001

Sig

Post-hoc

test

1>2,3

4>2,3

SD

.80

2.71

Table 3 : Comparison Of BF Scores Among The 4 Study 
Groups

ARI

95% CI

[1]Conventional

Mean

0.27

-0.31

SD

1.03

0.84

[2]Electrothermal

Mean

.00

0

[3]Ultrasonic

Mean

.00

0

SD

.00

0

[4]Chemical

Mean

.00

0

SD

.00

0

p-value

0.4

Post-hoc

test

-

SD

.00

0

Table 4: Comparison Of SF Scores Among The 4 Study Groups

ARI

95% CI

[1]Conventional

Mean

2.87

2.58

SD

.52

3.15

[2]Electrothermal

Mean

1.47

1.11

[3]Ultrasonic

Mean

1.47

1.18

SD

.52

1.75

[4]Chemical

Mean

3.20

2.89

SD

.56

3.51

p-value

<0.001

Sig

Post-hoc

test

1>2,3

4>2,3

SD

.64

1.82

Fig 5: Sem Images Of Conventionally Debonded Sample At 
20 & 40 X Magnification.
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8) showed no major enamel damage 
(cracks, gouging) except for mild loss of 
surface perikymata. This suggests that 
though in the chemically debonding 
technique, bond failure occurred at the 
enamel-adhesive interface the likelihood 
of the enamel damage was minimal, 
which might be due to the softening effect 
of the peppermint oil on the adhesive 
decreasing the bond strength.

Limitations of the study:
1) Conventional debonding plier used in 

the study showed highest incidence of 
enamel damage. However several 
manufacturers have come out with a 
variety debonding pliers, which were 
claimed to cause less enamel damage.

2) The temperature produced by the 
electrothermal unit might raise the 
intrapulpal temperature leading to 
pulpal damage which needs to be 
evaluated.

3) The debonding forces which might be 
different among the study groups 
were not measured.

The conclusions of the present study 
are as follows:
1) C o n v e n t i o n a l  a n d  c h e m i c a l  

debonding techniques with high ARI 
scores had most common site of bond 
failure at enamel-adhesive interface 
which is detrimental to enamel 
surface. However SEM showed 
minimal enamel damage with 
chemical debonding.

2) Bracket failure rate was negligible.
3) Conventional debonding showed 

greater enamel damage than other 
methods.

4) Electrothermal and ultrasonic 
debonding techniques had bond 
failures at adhesive-bracket interface 
with minimal enamel damage.

5) Chemical debonding technique, with 
minimal enamel damage would be a 
better technique for debonding 
ceramic brackets.
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& 40 X Magnification.
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