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Abstract
Background. Several studies have produced estimates of Er:YAG (Erbium-doped Yttrium Aluminium Garnet) 
laser parameters and specifications, but there is still insufficient data for a reliable selection of laser parameters. As 
a consequence, recent research has heightened the need for ideal specifications of the Er:YAG laser to reduce the 
amount of enamel ablation.
Objectives. The aim of this study was to investigate the influence of Er:YAG laser parameters, energy level and 
pulse duration on orthodontic composite removal after bracket debonding.
Material and Methods. The sample consisted of 45 cuboids of orthodontic composite made using plastic molds. 
The sample was divided into three groups, each was irradiated with an Er:YAG laser set at different energy levels 
and three values for pulse durations (50 µs, 100 µs, and 300 µs). The geometric parameters (depth and area) of the 
cavities formed by laser irradiation were determined.
Results. An ANCOVA test showed a statistically significant difference (p < 0.05) between the groups, indicating 
a potential effect of laser pulse duration on the geometric parameters after controlling for laser energy level. A post- 
-hoc Bonferroni test ranked the 50 µs Er:YAG laser pulse as the most influential factor for all geometric parameters 
in removing remnant composite. Also, 300 mJ laser pulses caused the largest removal of the composite.
Conclusions. The results of the present study demonstrated the efficacy of 50 µs Er:YAG laser pulse duration and 
laser pulse intensity (333 J/Cm2 – 1000 J/Cm2) for removal of remnant orthodontic composite (Dent. Med. Probl. 
2014, 51, 3, 359–364).
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Streszczenie
Wprowadzenie. W wielu badaniach próbowano oszacować specyfikację oraz parametry pracy lasera jagowo- 
-neo dymowego (erb z granatem aluminiowo-itrowym), lecz w dalszym ciągu brakuje wystarczających danych do 
wyboru optymalnych parametrów pracy tego lasera. W związku z tym podnoszono potrzebę określenia idealnych 
parametrów tych impulsów laserowych, aby zmniejszyć ilość usuwanego szkliwa w wyniku fotoablacji. 
Cel pracy. Ocena wpływu parametrów pracy lasera Er:YAG, poziomu energii oraz czasu trwania impulsu na usu-
wanie pozostałości materiału złożonego po odklejeniu zamków ortodontycznych. 
Materiał i metody. Badane próbki to 45 prostopadłościanów z kompozytu ortodontycznego umieszczonych na 
plastikowych podstawach. Próbki podzielono na trzy grupy, każdą naświetlano laserem Er:YAG różną dawką oraz 
zastosowano 3 czasy impulsu (50 µs, 100 µs i 300 µs). Oceniano również wskaźniki geometryczne (głębokość i pole) 
ubytków powstałych w następstwie promieniowania laserowego. 
Wyniki. Wykazano statystycznie istotną różnicę (p < 0,05) między grupami wskazującą na możliwość wpływu 
czasu impulsu laserowego na parametry geometryczne ubytku w warunkach kontroli dawki energii. Test analizy 
kontrastów Bonferroniego wykazał, że 50 µs impuls w najbardziej optymalny sposób wpływa na kształt ubytków 
w trakcie usuwania pozostałości kompozytu ortodontycznego. Impulsy laserowe o dawce energii 300 mJ powodo-
wały największe usunięcie materiału złożonego. 
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Orthodontic bracket debonding is one of the 
most important clinical treatment procedures done 
by orthodontists. The approach to orthodontic 
bracket debonding adopted is of great importance 
on account of the different effects on the enamel 
surface which may be caused by conventional re-
moval techniques. Particularly, during composite 
removal due to difficulty in distinguishing com-
posite color from enamel color [1]. 

Conventional methods such as dental scaler, 
tungsten carbide bur [2], and composite removal 
by ultrasonic scaler [3] result in substantial resid-
ual orthodontic composite on the enamel surface 
and enamel loss as deep as 100 microns [4]. There-
fore an alternative method would be highly appre-
ciated by the patient and orthodontist alike [5]. 

Despite the fact that several lasers have been 
investigated for dental composite removal, name-
ly CO2 laser [6], Nd:YAG (Neodymium-doped Yt-
trium Aluminum Garnet) laser [7] or Q-switched 
355 nm laser [8], the Er:YAG laser, with its wide ac-
ceptability and versatility, makes it attractive for 
orthodontists in clinical practice [9]. 

The Er:YAG laser has been extensively investi-
gated for years in the aid of composite removal. Sev-
eral studies have produced estimates of Er:YAG laser 
parameters and specifications but there is still insuf-
ficient data for a reliable selection of laser parame-
ters. As a consequence, recent research has height-
ened the need for ideal specifications of the Er:YAG 
laser to reduce the amount of enamel ablation [10]. 

The purpose of this study is to evaluate Er:YAG 
laser parameters, notably laser energy and laser 
pulse duration settings, for effective and safe re-
moval of orthodontic composite adhesives left af-
ter bracket debonding. 

Material and Methods
This prospective study lasted four months 

and was carried out at our institution. The sample 
consisted of 45 cuboids of orthodontic compos-
ite (Transbond XT™, 3M Unitek Inc., USA) made 
by a plastic mold and measuring 5 × 5 × 2.5 mm3. 
A pilot study was conducted to determine the min-
imum sample size for each group using SAS soft-
ware (SAS Institute, version 2007, USA). A sample 
size of 15 specimens in each group was sufficient 
and corresponded to a power study of 80% at 0.05 
level of significance. 

The specimens were stored in distilled water 
at room temperature for 24 h prior to laser treat-
ment. The laser system used in this study was an 
Er:YAG laser operated at a wavelength of 2940 nm 
(Lightwalker® ST-E, 8 W, Fotona Inc., Ljubljana, 
Slovenia), located at our institution. 

The laser beam was delivered to the hand 
piece (R02, Fotona® Inc., Ljubljana, Slovenia) via 
articulated arms. Laser energy was applied for 20 s 
with a non-contact headpiece at a fixed distance of 
0.7 cm above the specimen, according to the man-
ufacturer’s instructions and with a laser spot size 
of 0.9 mm, as shown in Fig. 1.

Three values for pulse duration were used in 
this study: 50 µs, 100 µs, and 300 µs. Energy levels 
of varied values from 100 mJ to 300 mJ were ap-
plied for each of the selected pulse durations. Fre-
quency was set at 20 Hz in all procedures. A water 
and air spray system was employed to cool the ir-
radiated area. The water/air was set at 2 mL/s and 
4 mL/s, respectively, for all tests.

Following laser irradiation, photographs of 
specimens were taken with an optical microscope 
(Axioskop 40 Tetrad™ Microscope, Carl Zeiss Mi-
cro Imaging, Inc., USA) connected to a digital 
camera (Canon EOS 5d, Canon Inc., Japan). The 
digital photographs were analyzed with AutoCAD 
software (AutoCAD® 2012, Autodesk®, USA) to 
calculate the cavity area on the composite block. 
A stainless steel orthodontic wire with a cross sec-

Wnioski. Wyniki przeprowadzonych badań wykazały skuteczność 50 µs impulsu lasera Er:YAG oraz gęstości ener-
gii od 333 do 1000 J/cm2 w usuwaniu pozostałości kompozytu ortodontycznego po zdjęciu zamków (Dent. Med. 
Probl. 2014, 51, 3, 359–364).

Słowa kluczowe: laser Er:YAG, parametry geometryczne, kompozyt ortodontyczny.

Fig. 1. A photograph of the Er:YAG laser non-contact 
hand piece irradiating a cuboid of orthodontic com-
posite mounted on acrylic cylinder

Ryc. 1. Laser Er:YAG przekazujący bezkontaktowo 
impulsy energii na prostopadłościan z kompozytu 
ortodontycznego zamontowany na cylinder akrylowy
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area of the cavities were taken. Two weeks after-
wards, the measurements were repeated under the 
same conditions. A t-test showed no statistically 
significant difference between the measurements 
(p < 0.05). The normality of the data was calculat-
ed using a Shapiro-Wilk test.

Means and standard deviation of the geomet-
ric parameters after laser irradiation were calcu-
lated and differences between the groups were 
analyzed using an ANCOVA (Analysis of Cova-
riance) test and a Bonferroni post-hoc test. The 
significance was determined at a probability value 
of p < 0.05 for all statistical tests mentioned in the 
following sections. 

Results
Descriptive statistics for depth and area mea-

surements across the range of laser pulse durations 
are shown in Table 1. 

Statistical significance was analyzed using an 
ANCOVA test to investigate the effect of laser pa-
rameters on the depth and area of the cavity creat-
ed by laser irradiation after controlling for the ef-
fect of laser energy level.

As can be seen from Table 2, the significance 
level value p ≤ 0.001, when the contrast source is 
laser pulse duration for depth and area, that is, at 
a 95% significance level, the pulse laser duration 
has a statistically significant effect on the depth 
and area of the cavity formed after laser applica-
tion, after controlling for laser energy level.

Estimated marginal mean and standard devi-
ation values for depth and area parameters of the 
cavity were calculated according to laser pulse du-
ration after controlling for the laser energy level 
effect, as summarized in Table 3.

Moreover, a comparison between groups 
based on the Bonferroni test was used to deter-
mine which pulse laser duration group differs sig-
nificantly in depth and area values after control-
ling for the effect of laser energy level on the area.

Table 4 indicates, at a 95% significance level, 
statistically significant differences in depth and ar-
ea values between the laser pulse duration groups, 
after controlling for the effect of laser energy lev-
el. It is apparent from Table 4 that the mean values 
for geometric parameters of the cavity in the 50 µs 
group are larger than the geometric parameters in 
the 100 µs and 300 µs groups. 

Furthermore, to explore the effect of laser en-
ergy level on the geometric parameters, Spearman’s 
correlation coefficients between these variables 
were calculated according to pulse laser duration. 

The results showed that p < 0.001 for all of the 
calculated correlation coefficients, that is, at a 95% 

Fig. 2. A microscope photograph of the cavity and the 
orthodontic wire used as reference for cavity area cal-
culations

Ryc. 2. Fotografia mikroskopowa ubytku oraz odnośni-
ka ortodontycznego będącego punktem odniesienia do 
obliczeń wielkości ubytku

Fig. 3. Schematic description of the experimental 
setup illustrating the depth measurement of the cavity 
formed following laser irradiation. Cavity depth = A–B

Ryc. 3. Schematyczny opis badania in vitro, w którym 
jest oceniana głębokość ubytku powstającego w następ-
stwie promieniowania laserowego. Głębokość ubytku =  
= A–B

tional area of 0.16 mm2 was used as a reference for 
calculating the area of the cavity, as illustrated in 
Fig. 2. Depth and area of the cavity were deter-
mined after laser irradiation for 20 s. Depth mea-
surements of the cavities were also taken by dental 
calipers, as depicted in Fig. 3. 

Statistical analysis was performed using IMB 
SPSS Statistics 20 (SPSS Statistics, IBM Corp., 
USA). In order to validate the reliability of the 
measurements, a pilot study based on a group of 
15 randomly selected composite blocks was irradi-
ated by laser and measurements of the depth and 
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significance level, there is a statistically significant 
relationship between laser energy level and all of 
the geometric parameters regardless of the value 
of laser pulse duration and for the total sample.

Due to the positive sign of the calculated cor-

relation coefficients, depth and area parameters 
increase as the laser energy level increases. In ad-
dition, all correlation coefficients values were 
close to one, thus all the corresponding positive 
relations are strong.

Table 1. Descriptive statics of laser parameters

Tabela 1. Statystyki opisowe parametrów lasera

Parameter N* Pulse Duration (µs) Mean SD* Minimum Maximum

Depth (mm) 15 50 0.32 0.18 0.1 0.6

15 100 0.24 0.11 0.1 0.4

15 300 0.26 0.08 0.2 0.4

Area (mm2) 15 50 1.75 0.42 1.07 2.20

15 100 1.64 0.51 0.85 2.28

15 300 1.47 0.60 0.53 2.33

* N = number of observation, SD = Standard Deviation.

Table 2. ANCOVA for geometric parameters after controlling for laser energy effect 

Tabela 2. Test ANCOVA dla oceny parametrów geometrycznych ubytku w warunkach kontroli dawki energii

Depended variable Contrast source df F p Partial Eta Square

Depth (mm) Laser Energy (mJ) 1 155.132 < 0.001 0.791

Pulse Duration (µs) 2 8.644 0.001 0.297

Area (mm2) Laser Energy (mJ) 1 1012.155 < 0.001 0.961

Pulse Duration (µs) 2 34.424 < 0.001 0.627

Table 3. Estimated marginal means for geometric parameters after controlling for laser energy effect

Tabela 3. Oszacowane wartości skrajne dla parametrów geometrycznych ubytku w warunkach kontroli dawki promieniowa-
nia laserowego

Depended variable Pulse Duration (µs) Estimated Mean SD* 

Depth (mm) 50 0.324 0.15

100 0.238 0.15

300 0.268 0.15

Area (mm2) 50 1.77 0.27

100 1.63 0.27

300 1.46 0.27

* SD = Standard Deviation.

Table 4. Bonferroni test results

Tabela 4. Wyniki testu analizy kontrastów Bonferroniego

Pulse Duration (µs) Pulse Duration (µs) Mean Difference p

Depth (mm) 50 100 0.086* 0.001

300 0.29* 0.012

100 300 – 0.02 1

Area (mm2) 50 100 0.142* 0.002

300 0.312* < 0.001

100 300 0.170* < 0.001

* The mean difference is significant at the.05 level.
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Discussion
This study set out with the aim of assessing 

the importance of Er:YAG laser specifications for 
reconditioning the enamel surface after brack-
et debonding. A considerable number of studies 
have demonstrated the efficacy of the Er:YAG la-
ser in removing remnant composite on the enam-
el surface. As yet, extensive research has been con-
ducted in an endeavor to set the best laser spec-
ifications for removing orthodontic composite 
adhesives from the enamel surface [11]. Most pre-
vious in vitro works explored the potential effect of 
Er:YAG laser parameters for removing composite 
remnant on freshly extracted teeth [9]. In contrast, 
the samples examined in the present work are con-
fined to specified blocks of orthodontic composite 
in order to isolate the effect on dental hard tissue 
and to focus attention on the composite materi-
al itself rather than the composite-enamel inter-
face that has been commonly investigated in pub-
lished research. 

From the statistical analysis mentioned above, 
we observed a statistically significant effect between 
laser energy level and geometric parameters of the 
cavity regardless of the value of laser pulse dura-
tion. Additionally, there was a strong proportional 
relationship between laser energy level and the geo-
metric parameters. This result is in agreement with 
the ablation rate investigated by Sanusi et al. [12]. 

Also, the results showed a statistically signifi-
cant effect between laser pulse duration and geo-
metric parameters for all values of laser energy 
level. The results also indicated a statistically sig-
nificant difference between the 50 µs group and 
other groups in this study. We observed that the 
mean values for the geometric parameters using 
a 50 µs laser pulse duration are higher compared 
to the 100 µs and 300 µs groups. 

Another important finding in the current study 
was the greater contribution of the area parameter 
effect, compared to the depth parameter, to the la-
ser pulse duration influence on the cavity formed. 
This can be clearly evident in the irregularities in 
the cavity shape created after laser irradiation. The 
irregularity observed in the perimeter of the cavity 
may well be attributed to the unsteady irradiation 
of laser energy resulting from hand shivering of the 
practitioner as is the case in clinical practice. 

The findings of the current study are consis-
tent with those of Kulandaivelu et al. [13], who 
found the Er:YAG laser the most efficient meth-
od for complete composite adhesive removal from 

dislodged brackets. A possible explanation for this 
may be attributed to the high ablation efficiency of 
the Er:YAG laser, which results from micro-explo-
sions of the overheated water content of the orth-
odontic composite in which Er:YAG laser energy 
is predominantly absorbed [14, 15]. That is, an ap-
propriate analogy between dental hard tissue and 
composite material can be drawn up. 

As a consequence, we may conclude that 50 µs 
laser pulse duration is the most crucial factor that 
has to be taken into account when removing the 
orthodontic composite under the laser specifica-
tions provided in this investigation.

Overall, based on our prior knowledge with re-
gard to the average size of the residual composite af-
ter bracket debonding, which amounts to 6 mm3 ap-
proximately, a recommended protocol for efficient 
removal of the remnant composite on the enamel 
surface may be initiated by a 50 µs high energy laser 
pulse (300 mJ) to remove remnant composite thick-
er than 0.5 mm, followed by a 100 mJ laser energy 
level for complete removal of the composite adhe-
sive. That is correspondent to a laser pulse intensity 
range from 333 J/Cm2 to 1000 J/Cm2. 

The proposed protocol helps orthodontists 
and dental practitioners initially select the best 
laser parameters that may effectively remove the 
adhered composite. It might be possible to inves-
tigate the optimum parameters of Er:YAG lasers 
given in the suggested procedure mentioned above 
for removing orthodontic composite on the enam-
el surface in vivo.

The findings of this study have important im-
plications for determining the effect of commer-
cially available dental laser system specifications 
particularly laser energy level and laser pulse du-
ration on the residual orthodontic composite that 
inevitably results after bracket debonding.

The study has gone some way towards enhanc-
ing our understanding of composite adhesive in-
teraction with the Er:YAG laser. The results of the 
present study demonstrate the efficacy of a 50 µs 
Er:YAG laser pulse for the removal of remnant 
composite taking into account the use of higher 
energy levels for thicker bulks of composite where-
as a lower energy level may be the best setting for 
removing thinner bulks of remnant composite. 
Thus, it is highly anticipated that the recommend-
ed Er:YAG laser pulse of 50 µs and laser pulse in-
tensity range (333 J/Cm2 – 1000 J/Cm2) may well 
result in reduced time required for removing ad-
hesive from the tooth along with less risk of un-
wanted damage to the underlying enamel surface.
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