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ABSTRACT

Purpose: The objective of the present study is to 
evaluate the effects of Er:YAG laser debonding 
of ceramic brackets on the bond strength 
and the amount of adhesive resin remnant.
Materials and Methods: Twenty human mandibular 
incisors were randomly divided into two groups of 
10 and polycrystalline ceramic brackets (Transcend 
series 6000, 3M Unitek, Monrovia, CA, USA) 
were bonded on enamel surfaces. Group 1 was the 
control group in which no laser application was 
performed prior to the shear bond strength (SBS) 
testing. In Group 2, Er:YAG was applied in 3W 
power for 6 seconds using the scanning method. 
The brackets were tested for SBS with an Instron 
universal testing machine and results were expressed 
in megapascals (MPa). The amount of adhesive 
remnant was evaluated with Adhesive Remnant Index 
(ARI). One-way analysis of variance and Tukey’s 
post-hoc tests were used for statistical analysis. 
Results: Mean ± standard deviation of SBS values 
in the control group was 13.42 ±1.23 MPa and 8.47 
±0.71 MPa in the Er:YAG group and this difference 
was statistically significant (p<0.05). The evaluation 
of ARI scores demonstrated more adhesive was 
left on the enamel surface with Er:YAG group.
Conclusion: 3W power Er:YAG laser application 
with the scanning method to polycrystalline ceramic 
brackets demonstrated lower bond strengths and 
higher ARI scores during the debonding procedure. 
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strength; Bracket debonding 

ÖZ

Amaç: Bu çalışmanın amacı seramik braketlerin 
Er:YAG lazer ile sökümünün bağlanma dayanımı 
ve artık adezif rezin miktarı üzerindeki etkilerini 
değerlendirmektir.  
Gereç ve Yöntem: Yirmi adet insan alt kesici dişi 
rastgele olarak eşit sayıda numune içeren iki gruba 
ayrıldı. Polikristalin seramik braketler (Transcend 
series 6000, 3M Unitek, Monrovia, CA, USA) 
dişlerin mine yüzeylerine yapıştırıldı. 1. grup 
kontrol grubu olup, makaslama bağlanma dayanımı 
(MBD) testinden önce lazer uygulaması yapılmadı. 
2. Gruptaki numunelere 3W gücündeki Er:YAG 
lazer tarama metoduyla 6 saniye uygulandı. Bütün 
braketlerin MBD değerleri Instron cihazında ölçüldü 
ve ölçü birimi megapascal (MPa) olarak ifade edildi. 
Ayrıca, Artık Adezif İndeksi (AAİ) skorları hesaplandı. 
İstatistiksel analiz için tek yönlü varyans analizi ve 
post hoc Tukey testleri kullanıldı.
Bulgular: Her bir grup için ortalama SBS değerleri; 
kontrol grubunda 13.42 ±1.23 MPa, Er:YAG lazer 
uygulanan grupta 8.47 ±0.71 MPa olarak ölçüldü. Bu 
farkın istatistiksel olarak anlamlı olduğu belirlendi 
(p<0.05). AAİ skorlarının değerlendirilmesi Er:YAG 
lazer uygulanan grupta mine yüzeyinde daha fazla 
adezifin kaldığını gösterdi.  
Sonuç: Polikristalin seramik braketler tarama 
metoduyla 3 W gücünde Er:YAG lazer uygulandığında 
braket sökümü esnasında daha düşük bağlanma 
dayanımları ve daha yüksek ARI skorları göstermiştir. 

Anahtar kelimeler: Ortodontik braket; Lazer; 
Makaslama dayanımı; Braket sökümü
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Introduction

The use of ceramic brackets has increased in 
recent years in line with the increase in the number 
of adults who are treated with fixed orthodontic 
treatment. Ceramic brackets have considerable 
aesthetic advantages in comparison to metal 
brackets. However, they may lead to problems 
such as pain, bracket breakage and enamel damage 
(cracks, breakage) during debonding due to high 
bonding resistance and their high elastic modulus 
in comparison to metal brackets as well as their low 
flexibility and higher fragility (1-5). 

Using specialized hand tools and utilization of 
various techniques such as ultrasonic or electrothermal 
debonding have been suggested in order to overcome 
such problems encountered during debonding (2, 
5). In addition, lasers are used experimentally for 
ceramic bracket debonding. Lasers are effective in 
softening the adhesion at the bracket/resin interface 
by producing heat energy. Therefore, problems 
such as enamel break, bracket detachment and pain 
experienced during debonding can be solved (2, 5). In 
addition, lasers have advantages over other debonding 
methods such as decreasing debonding force and 
shortening debonding time.

Widespread use of laser systems today has been 
evaluated in various studies by considering variables 
such as effectiveness of lasers in debonding process, 
energy levels, bracket type, resin type and the force 
magnitude (6-9). On the other hand, the type of laser 
used in most of the previous studies is CO2 laser, 
which can be easily absorbed by ceramic brackets 
(6, 8). Remaining few studies have suggested the use 
of Nd:YAG laser. However, it was reported that 69% 
- 75% of the laser beam would reach to the enamel 
surface. In addition, this type of laser could cause 
damage on the tooth surface and pain experienced 
during debonding may increase (10). There are only 
two studies illustrating the usage of Er:YAG laser for 
debonding purpose. In the first of these, Mundethu et 
al. (11) reported that 95% of the ceramic brackets on 
the 3rd molar teeth were debonded by using Er:YAG 
laser (600 mJ). In the other, Öztoprak et al. (12) 
successfully debonded ceramic brackets on bovine 
lower incisor teeth with Er:YAG laser (4.2 W, 9 sec.) 
scanning. 

The purpose of the present study was to evaluate 
the effectiveness of Er: YAG (3 W, 6 sec.) that was 
used in debonding procedure of polycrystalline 
ceramic brackets in human lower incisor teeth. 

Materials and Methods

Twenty extracted, intact, lower incisor teeth 
(central and lateral) were used. Possible plaque 
and soft tissue remaining on the teeth surface was 
removed by the aid of water and brush and the teeth 
were kept in 0.1% thymol solution. Subsequently the 
teeth were evaluated in stereomicroscope (Olympus 
SZ61; Olympus Optical Co., Tokyo, Japan) at X10 
magnification in terms of cavity or enamel crack 
presence. 

The teeth with cavity, restoration and surface 
anomalies were not included in the study. The cleaned 
and dried enamel surfaces were etched with 37% 
phosphoric acid for 30 sec. and then washed with water 
and dried. Twenty polycrystalline alumina brackets 
(Transcend series 6000, 3M Unitek, Monrovia, CA, 
USA) were used. The brackets with Transbond XT 
adhesive (3M Unitek, Monrovia, CA, ABD) placed 
in their bases were brought to a proper position on 
the labial surfaces of the lower incisor teeth, pushed 
lightly and the excess adhesive was cleaned with a 
sharp curette. The adhesive was light polymerized for 
10 seconds from four sides of the bracket reaching a 
total of 40 seconds for each specimen (Demetron LC, 
SDS Kerr; light output: 400 mW/cm2). Teeth were 
embedded in acrylic blocks (Orthocryl, Dentaurum, 
Ispringen, Germany) so that the enamel surfaces were 
exposed. Before the test stage, the samples were kept 
in 370C distilled water for 48 hours.

The samples were divided into 2 groups randomly. 
In Group 1 which is the control group, no process 
was performed prior to the breaking test (SBS – Shear 
Bond Strength test) (n=10). In group 2, prior to SBS 
test, scanning was made on the enamel surface (n=10) 
by Er:YAG laser (Fotona, At Fidelis, Ljubljana, 
Slovenia) with the following parameters: 2940-nm 
wavelength, MSP (maxi short pulse) mode, pulsation 
width:100 microseconds (µs), pulsation frequency:10 
Hertz (Hz), power:3W. The equipment was used at 
the mode of contact with air and water, with 120 mJ 
(millijoule) pulsation energy, 1 mm away from the 
bracket surface by a single researcher for 6 sec. The 
scanning was made starting at the upper distal wing 
of the bracket by moving horizontally and parallel to 
the bracket slot, and subsequently, at the upper mesial 
wing, bracket slot, low distal wing and finally to end 
at the low mesial wing (reverse letter S) (Figure 1).  

The bonding resistance of the samples was 
evaluated by universal test equipment (Shimadzu 
Autograph AG-IS, Kyoto, Japan). The knife edge 
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shaped metal tip of the Instron device was placed 
parallel to the tooth-bracket mid surface to apply a 
0.5mm/min to perform the SBS test. The value at 
the moment of separation of bracket from the teeth 
surface was calculated in Newton (N) unit and it 
was converted to megapascal (MPa) (MPa=N/mm2 
x 0,980665). All measurements were performed by 
the same operator (S.E.) under standard clinical 
conditions. After the brackets are separated, in 
order to determine the breakage region and type, 
breakage surfaces were examined in stereomicroscope 
(Olympus SZ61; Olympus Optical Co, Tokyo, Japan) 
with X10 magnification and they were scored between 
0 and 3 according to ARI (adhesive remnant index) 
system (score 0: there is no adhesive remaining at 
the tooth surface, <%10; score 1: there is less than 
50% adhesive remaining at the tooth surface; score 
2: there is more than 50% adhesive remaining at the 
tooth surface; score 3: all adhesive is left at the tooth 
surface, (>90%). 

Figure 1. Laser application.

Statistical Analysis

MS Excel 2003 (MS Excel 2003 © 1985-2003 
Microsoft Corporation) and SPSS for Win. Ver. 2000 
(SPSS INC, Chicago, IL, USA) software were used 
for used for statistical analysis. Normality of the 
distribution was evaluated with Kolmogorov-Smirnov 
test. One-way analysis of variance (ANOVA) and 
Tukey’s test were used for multiple and post-hoc 
pairwise comparisons, respectively. p values less than 
0.05 were considered significant.

Results

Mean SBS values are summarized in Table 1. 
Significant differences were observed among mean 
SBS values of the two groups. ANOVA test showed 

Group 1 to have significantly higher SBS values than 
Group 2 (P<0.001). 

The distribution of failure modes as expressed 
by ARI scores is given in Table 2. While Group 2 
exhibited mainly failures at the enamel-resin interface, 
with more than 50% of the adhesive remaining (ARI: 
2 and ARI:3), Group I showed mainly failures at the 
enamel-resin interface, with less than 50% of the 
adhesive remaining (ARI: 1). No enamel fractures 
were observed in any of the tested specimens. 

Table 1. Mean Shear Bond Strength test (SBS) values (MPa: 
Megapascal).

SBS
(MPa) n Mean SD Max

(MPa)
Min

(MPa)

Group I 10 13.42 1.23 15.01 11.54

Group II 10 8.47 0.71 9.46 7.06

Table 2. Adhesive Remnant Index scores for each group.

Groups 0 1 2 3
Group I 2 4 4 0
Group II 0 1 4 5

0, no residual adhesive remaining on the enamel; 1, less 
than 50% of the adhesive remaining; 2, more than 50% of 
the adhesive remaining; 3, all of the adhesive remaining, 
with a distinct impression of the bracket base. 

Discussion

It was reported that the debonding force in 
orthodontics should be between 6MPa to 8 MPa to 
prevent possible damages from occurring to teeth 
and periodontal tissues (13). On the other hand, it 
was reported that when ceramic brackets are used, 
this force could reach 20 MPa and cracked-breakages 
could develop in the enamel and breakage could 
occur in the brackets (14, 15). Recently, lasers which 
minimizes enamel damage during the debonding of 
ceramic brackets and facilitates the debonding process, 
are used as an alternative to mechanical methods. 
When lasers are used for debonding, they destroy 
the structure of the adhesive at the bracket/resin 
interface by thermal softening, thermal ablation or 
photo ablation (16). Briefly, thermal softening takes 
place at low laser power levels (the transmitted heat is 
absorbed in the bracket first and it affects the adhesive 
indirectly) whereas at high laser power levels, when 
laser is applied to the resin directly, thermal ablation 
or photo ablation occurs (16). It was reported that 
monocrystalline and polycrystalline ceramic brackets 
have shown different reactions to laser light at different 
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wavelengths due to different optic characteristics (17). 
Successful results were reported with CO2 (10600 nm), 
Nd:YAG (1060 nm), KrF (248 nm), XeCl (308 nm) 
lasers and debonding force, as well as enamel damage 
risk, were found to decrease significantly (4, 9, 16, 
18). Our findings are consistent with those of previous 
studies which showed that the lasers are effective 
in debonding of ceramic brackets by smoothing 
adhesive resin (4, 6, 7, 9, 12, 16, 18). Er:YAG laser 
(3W) disrupted the resin structure and diminished SBS 
force. However, higher ARI scores were observed in 
the study group in comparison to the control group. 
This illustrates that there is a negative correlation 
between the bonding resistance and ARI scores which 
is consistent with previous studies (7, 9, 12). 

CO2 lasers were used in most of the previous 
studies owing to their high wavelengths and well 
absorption rate by ceramic brackets (4-9, 18). Tocchio 
et al.(16) applied CO2 laser at 3-33 W/cm2 force and 
at the wavelengths of 248nm, 308nm and 1060nm for 
3, 5 and 24 seconds for ceramic bracket debonding, 
and no enamel or bracket damage were observed in 
any of the samples. Ma et al.(6) and Rickabaugh et al. 
(18) used modified debonding clips along with CO2 
laser, and they found significant differences between 
the tensile debonding forces of the samples in the 
study and control group samples. They reported that 
the brackets can be extracted from the tooth surface 
by the debonding clip until reaching the adhesive 
softening temperature of the brackets. They showed 
that immediate extraction of the brackets at the 
softening temperature has prevented the heat energy 
stored in the bracket to be transmitted to the teeth 
thereby preventing the temperature rise (6, 18). Obata 
et al. (8) investigated the bonding and debonding 
of ceramic brackets by super-pulsating and normal-
pulsating CO2 laser both in vivo and in vitro. In 
the in vivo study, following the laser application to 
each tooth, rotation forces were applied by the aid 
of clips and the brackets were removed. In the in 
vitro study, shearing forces of CO2 lasers with 2 W 
and 3 W forces were measured. It was concluded 
that using super pulsating CO2 laser (2 W and 3 W) 
for debonding was more beneficial than using it for 
bonding (8). Feldon et al. (19) examined shearing 
bonding resistance by using diode laser of 2 and 5 W/
cm2 force for 3 second for debonding monocrystalline 
and polycrystalline ceramic brackets and they reported 
that laser application did not reduce the required forces 
for the removal of polycrystalline ceramic brackets, 
and it diminished the force magnitude required for 

debonding of monocrystalline ceramic brackets.
Thermal softening by CO2 lasers increases the 

temperature in the inner pulp chamber and may lead 
to pulp damage. Hayakawa et al. (10) used Nd:YAG 
laser that could affect resin structure directly by the 
thermal ablation and photo ablation effects. They 
showed that Nd:YAG laser is more effective in ceramic 
bracket extraction at 2 Joules and that it decreased the 
polycrystalline ceramic brackets’ bonding resistance 
more than it does for monocrystalline brackets (6, 
8). They showed that high pulsating Nd:YAG laser 
had lower ceramic absorption levels in comparison 
to CO2 laser and, after laser application, the ceramic 
brackets were removed by thermal ablation or photo 
ablation (10). Thermal ablation or photo ablation 
occurs when higher power laser beam interacts with 
adhesive material. This process causes the disruption 
of adhesive structure (16). It is believed that laser beam 
transmittance is significant without resin energy loss 
by means of the bracket for thermal ablation or photo 
ablation to take place (12). For this purpose, Hayakawa 
et al. (10) applied laser energy under the wing of each 
bracket for the ceramic bracket to the labiolingual 
direction for gingiva which are the thinnest part and 
for the coronal surface to correspond to the midpoint 
mesiodistally. It was shown that Nd:YAG laser caused 
disruption and collapse at the base of the bracket 
and the remaining adhesive caused localized changes 
similar to carbonization and black remains and these 
burned parts verified that Nd:YAG laser had enamel 
permeability more than that of CO2 laser (10). In 
addition, it was reported that since Nd:YAG laser 
gives this high energy during the short application 
period, inner pulp temperature increase was only 
5.1 0C (10). In addition, Strobl et al. (9) extracted 
alumina ceramic brackets with monocrystalline and 
polycrystalline structure by using Nd:YAG (1060nm) 
and CO2 (10600 nm) laser in their study, and reported 
that both types of laser application for debonding 
purpose warmed the labial surface of the bracket and 
this heat dispersed through the resin from inside of 
the bracket and softened adhesive resin thermally and 
facilitated debonding. Moreover, they illustrated that 
monocrystalline brackets needed less laser energy 
in comparison to polycrystalline brackets (9). In 
the usage of Nd:YAG laser for debonding purpose, 
length of the application period and heat transmittance 
amount should be cared for. Further, it would have 
been better to evaluate intrapulpal temperature change 
in conjunction with the SBS values. There are only two 
studies in orthodontic literature evaluating debonding 
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effectiveness by using Er:YAG laser. In the first study 
conducted by Öztoprak et al.(12), ceramic brackets 
pasted to cattle low incisors were removed by using 
Er:YAG laser (4.2 W, 9 sec.) and it was reported that 
there was lower SBS values in the group which was 
applied laser (9.52 MPa) in comparison to the control 
group (20.75 MPa). Although the results of this study 
were in line with our results (laser applied group was 
8.47 MPa, control group was 13.42 MPa), usage of 
cattle teeth instead of human teeth (different enamel 
contents) and different power and application period 
of the used laser makes the comparison of this study 
and our study difficult (12). Although a decrease in 
SBS values in laser application similarly and the 
closeness of the average SBS values in the group 
where laser is applied, our SBS values of the control 
group teeth were lower. The other study was conducted 
by Mundethu et al. (11) and it was shown that the 
brackets pasted to 3rd molar teeth were extracted 
effectively by Er:YAG laser. In this study, usage of 
3rd molar teeth with curved surface caused differences 
in composite thickness and therefore differences in 
SBS values and this makes the comparison difficult 
(11). In addition, although the results of our study are 
in line with the results of the previous studies as the 
laser application of the previous studies by using CO2, 
Nd:YAG and Er:YAG laser was an effective method in 
bracket debonding, other than the different laser types 
and application techniques, we think that differences 
can be seen depending on the bracket type, adhesive 
type and pasting technique and the comparison of the 
previous studies would not be appropriate (2, 3, 7, 11). 

In the present study, ARI scores were found to 
be higher in the study group samples where Er:YAG 
laser scanning was made. In the laser applied study 
group samples, owing to the low SBS values, brackets 
were removed easily and on the other hand ARI scores 
were found to be high. This meant that there was 
more adhesive left at the enamel surface and this 
increased the cleaning period of teeth surface and 
made their cleaning more difficult. Moreover, inner 
pulp heat increases could occur during the cleaning 
of remaining adhesive. Therefore, it is necessary that 
studies are needed evaluating thermal effects on the 
pulp during remaining adhesive cleaning at debonding 
and afterwards with the debonding SBS value prior 
to the application of Er:YAG laser in vivo conditions. 

Different studies reported that inner pulp heat 
increase could occur during debonding of the brackets 
by laser at between 5.5 0C and 28.7 0C (1, 6, 18). It 
was reported that as long as the heat increase at the 

pulp room does not go over the acceptable limits 
determined by Zach and Cohen (5.5 0C) (20), it would 
not cause a permanent damage in the pulp. CO2 laser 
usage in the extraction of ceramic brackets could 
lead to excessive heating (150 0C) of pulp tissue 
(6, 8). Therefore, different laser types started to be 
preferred. In the studies examining Nd:YAG laser 
effect on pulp, conflicting results were observed. 
(21, 22) Shoji and Horiuchi (22) determined in their 
study conducted with Nd:YAG that 4 weeks after the 
laser application, they determined low level calcified 
tissues in the pulp and reported that as the energy level 
increased, dentin repair tissue amount of the pulp 
increased as well. In the previous studies comparing 
the effects of Er:YAG and Nd:YAG laser systems, 
which are used for debonding, on the pulp, it was 
reported that although both laser systems had similar 
effects on adhesive resin, Er:YAG laser caused less 
intrapulpal heat increase in comparison to Nd:YAG 
laser (23, 24). In a study investigating intrapulpal heat 
increase in Er:YAG laser usage during debonding, it 
was reported that heat increase did not go over 5.5 
0C and ceramic brackets can be removed without 
damaging the enamel and pulp tissue and that 6 sec 
scanning method as the application time was ideal 
(25). Furthermore, it was also reported that another 
crucial point to prevent pulp heat change during the 
debonding of ceramic brackets was performance 
of the 2nd laser application after giving minimum 
5 minute interval if the bracket was not able to be 
extracted during the first 5-6 -second application (25). 
Therefore, instead of application of Er:YAG for 6 
sec. and applying laser application at a single point, 
we preferred to do it as a scanning starting from the 
upper distal corner in order to prevent excessive heat 
increase in the pulp although it takes a longer time 
and in order to allow tissue cooling. 

 Another factor affecting SBS values is the 
thickness of the composite material. However, no 
special method was able to be found to standardize 
the composite material thickness in the previous 
studies (1, 12, 26). We did not use any standardization 
method for composite material thickness in our 
study, however, since we used lower central and 
lateral incisor teeth with smoother buccal surface in 
comparison to other teeth, we think that the composite 
layer is relatively thin and its thickness is relatively 
equal along the entire surface.

There are studies investigating the effect of laser 
debonding process on SBS value at the same time 
with bracket extraction and laser application, right 
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after laser application and a few hours before the 
application (12, 16, 25). The common result of these 
studies is that by shortening the time between the laser 
application and extraction phase as much as possible, 
more successful results are achieved. In Abdul-Kader 
and Ibrahim’s study (27) where laser application period 
is ignored, ceramic brackets were extracted right after 
laser application and 1 minute after laser application, 
and SBS values were compared. It was reported that 
lower enamel resistance was required when brackets 
were extracted right after laser application. They 
explained these results based on the fact that bonding 
softened up right after laser application and therefore 
the brackets were extracted by less force (27). In our 
study, we preferred to debond the brackets by SBS 
test right after the laser application. 

Conclusion

Application of Er:YAG laser thermally softened 
adhesive resin structure, lowered the bonding 
resistance of ceramic brackets, and enabled their 
debonding. However, ARI score increased by Er:YAG 
laser application, extended the remaining adhesive 
cleaning time and can lead to temperature increases 
within the pulp. Therefore, thermal effects of Er:YAG 
laser application on pulp tissue should be further 
investigated.

Source of funding
None declared

Conflict of interest
None declared

References

1. Azzeh E, Feldon PJ. Laser debonding of ceramic 
brackets: A comprehensive review. Am J Orthod 
Dentofacial Orthop 2003;123(1):79-83.

2. Bishara SE, Trulove TS. Comparisons of different 
debonding techniques for ceramic brackets: An in 
vitro study. Part i. Background and methods. Am 
J Orthod Dentofacial Orthop 1990;98(2):145-
153.

3. Eliades T, Eliades G, Brantley WA. Orthodontic 
brackets. In: Brantley WA, Eliades T, eds. 
Orthodontic Materials Scientific and Clinical 
Aspects. Stuttgart, Germany: Thieme; 
2001.p.143–72.

4. Macri RT, de Lima FA, Bachmann L, Galo R, 

Romano FL, Borsatto MC, Matsumoto MA. Co2 
laser as auxiliary in the debonding of ceramic 
brackets. Lasers Med Sci 2015;30(7):1835-1841.

5. Saito A, Namura Y, Isokawa K, Shimizu N. Co2 
laser debonding of a ceramic bracket bonded 
with orthodontic adhesive containing thermal 
expansion microcapsules. Lasers Med Sci 
2015;30(2):869-874.

6. Ma T, Marangoni RD, Flint W. In vitro 
comparison of debonding force and intrapulpal 
temperature changes during ceramic orthodontic 
bracket removal using a carbon dioxide laser. Am 
J Orthod Dentofacial Orthop 1997;111(2):203-
210.

7. Mimura H, Deguchi T, Obata A, Yamagishi T, Ito 
M. Comparison of different bonding materials 
for laser debonding. Am J Orthod Dentofacial 
Orthop 1995;108(3):267-273.

8. Obata A, Tsumura T, Niwa K, Ashizawa Y, 
Deguchi T, Ito M. Super pulse co2 laser for 
bracket bonding and debonding. Eur J Orthod 
1999;21(2):193-198.

9. Strobl K, Bahns TL, Willham L, Bishara 
SE, Stwalley WC. Laser-aided debonding of 
orthodontic ceramic brackets. Am J Orthod 
Dentofacial Orthop 1992;101(2):152-158.

10. Hayakawa K. Nd: Yag laser for debonding 
ceramic orthodontic brackets. Am J Orthod 
Dentofacial Orthop 2005;128(5):638-647.

11. Mundethu AR, Gutknecht N, Franzen R. Rapid 
debonding of polycrystalline ceramic orthodontic 
brackets with an er:Yag laser: An in vitro study. 
Lasers Med Sci 2014;29(5):1551-1556.

12. Oztoprak MO, Nalbantgil D, Erdem AS, Tozlu 
M, Arun T. Debonding of ceramic brackets by 
a new scanning laser method. Am J Orthod 
Dentofacial Orthop 2010;138(2):195-200.

13. Reynolds IR. A review of direct orthodontic 
bonding. Br J Orthod 1975;2(3):171-178.

14. Gwinnett AJ. A comparison of shear bond 
strengths of metal and ceramic brackets. Am J 
Orthod Dentofacial Orthop 1988;93(4):346-348.

15. Joseph VP, Rossouw E. The shear bond strengths 
of stainless steel and ceramic brackets used with 
chemically and light-activated composite resins. 
Am J Orthod Dentofacial Orthop 1990;97(2):121-
125.

16. Tocchio RM, Williams PT, Mayer FJ, Standing 
KG. Laser debonding of ceramic orthodontic 
brackets. Am J Orthod Dentofacial Orthop 
1993;103(2):155-162.



Ceramic brackets and debonding

30

17. Eliades T, Johnston WM, Eliades G. Direct light 
transmittance through ceramic brackets. Am J 
Orthod Dentofacial Orthop 1995;107(1):11-19.

18. Rickabaugh JL, Marangoni RD, McCaffrey KK. 
Ceramic bracket debonding with the carbon 
dioxide laser. Am J Orthod Dentofacial Orthop 
1996;110(4):388-393.

19. Feldon PJ, Murray PE, Burch JG, Meister M, 
Freedman MA. Diode laser debonding of ceramic 
brackets. Am J Orthod Dentofacial Orthop 
2010;138(4):458-462.

20. Zach L, Cohen G. Pulp response to externally 
applied heat. Oral Surg Oral Med Oral Pathol 
1965;19:515-530.

21. Franzen R, Rashidisangsary B, Ozturan S, 
Vanweersch L, Gutknecht N. Intrapulpal 
temperature changes during root surface 
irradiation with dual-wavelength laser (2780 
and 940 nm):in vitro study. J Biomed Opt 
2015;20(1):1-4. 

22. Shoji S,Horiuchi H. Histopathological changes 
of dental pulp after irradiation by Argon, 
Carbondioxide or Nd:YAG laser in rats. Lasers 
in Dentistry. Elsevier Science Publishers BV: 
Amsterdam;1989.p.253-258.

23. Mehl A, Kremers L, Salzmann K, Hickel R. 3d 
volume-ablation rate and thermal side effects 
with the er:Yag and nd:Yag laser. Dent Mater 
1997;13(4):246-251.

24. Wigdor H, Abt E, Ashrafi S, Walsh JT, Jr. The 
effect of lasers on dental hard tissues. J Am Dent 
Assoc 1993;124(2):65-70.

25. Nalbantgil D, Oztoprak MO, Tozlu M, Arun T. 
Effects of different application durations of er:Yag 
laser on intrapulpal temperature change during 
debonding. Lasers Med Sci 2011;26(6):735-740.

26. Xianglong H XL, Ding B, Yao M, Lan H. Nd:Yag 
laser aided ceramic brackets debonding: Effects 
on shear bond strength and enamel surface. Appl 
Surface Sci 2008;225:613-615.

27. Abdul-Kader HM IS. A comparative study of 
co2 laser debonding of three types of ceramic 
brackets. Al-Azhar J Dent Science 1999;2:79-84.

Corresponding Author:
Fidan ALAKUŞ SABUNCUOĞLU
Department of Orthodontics
Center for Dental Sciences Maresal Cakmak 
Hospital-Erzurum, Turkey 
Phone: +90 (442) 317 22 64
e-mail: fidansabuncuoglu@yahoo.com.tr


