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Er:YAG laser in the
bonding and debonding steps
of orthodontic treatment

Author_Prof. Carlo Fornaini, Italy

Fig. 1_Non-treated enamel.

Fig. 2_Acid-treated enamel.

Fig. 3_Laser-treated enamel.

Fig. 4_Before the irradiation: the
center is marked on each tooth.
Fig. 5_The screen positioned on the
tooth.

Fig. 6_Irradiation of the tooth.

_Introduction

The Er:YAG laser was first proposed in 1990 by
Hibstand Keller to ablate hard dental tissues. Today
itisemployed in conservative dentistry asan alter-
native to rotating instruments.2 A study based on
patient questionnaires demonstrated that, in term
of satisfaction, Er:-YAG dental treatment represents
an effective technique that may improve patient
cooperation and diminish fearsassociated with the
dental office, particularlyin pediatric patients.3 This
isalsoareasontosuggestitsapplicationinthefield
of orthodontics, where cooperation and good rela-
tionships between the patient and operator are
strictly necessary for full success of a treatment. In
this paper we describe the utilisation of the Er:YAG
laser in the bonding and debonding steps of ortho-
dontic treatments.

_Enamel preparation

Proper conditioning of the enamel surface is
necessary for the bonding of orthodontic attach-
ments to teeth. In orthodontics, as in other fields
of dentistry, the most common method of enamel
preparation is acid phosphoric etching. The acid
etching process prepares the surface by selective
removal of inter-prismatic mineral structure,
while organic materials are less affected.

Theresultant rough and micro-fissured surface
is very useful for the retention of adhesive resins,
but these structures are also more vulnerable to
caries formation. Acid etching removes and de-
mineralises the most superficial and protective
layer of enamel and makes the teeth more suscep-
tible to long-term acid attack, especially when
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Fig. 7_Bonding procedure
completed.

Fig. 8_The thermo-formed tray
inserted into the model.

Fig. 9_Thermo-formed tray with
holes for laser irradiation.

Fig. 10_Laser irradiation.

Fig. 11_Bonding procedure
completed.

Fig, 12_X-Runner, Fotona.

Table 1_Values (in MPa) of the force
necessary to detach the brackets.

resin monomers cannot sufficiently fill the de-
mineralised area due tosaliva contamination or air
bubbles.* Since the prevalence of white spot le-
sionsisvery highamong orthodontic patients, the
prevention of enamel demineralisation is of great
importance in orthodontics.®

There has been extensive research to find an al-
ternative conditioning method to overcome the
main disadvantage of phosphoric acid etching, i.e.
the potential for producing decalcification. Some
researchers have worked on conditioning enamel
with poly-acrylic acid or pre-treatment of the
enamel surface with a sandblast of aluminium ox-

ACID + LASER

ACID [MPa] LASER [MPa] [MPa]
11.04 2.34 10.18

10.58 1.56 9.2

6.26 8.62 15.1
9.2 5.92 10.58
6.86 7.36 16.86
11.48 45 17.84

5.34 43 7.06
1.98 3.32 13.52

6.26 5.36 4.5

7.5 5.08 412

478 7.06 7.44
3.06 4.5 11.36

Media

Dev. Standard 3.07 2.05 4.52
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ide to reduce the rate of enamel loss during etch-
ing,%7 however, these methods failed to achieve
adequate bond strength to resist intraoral forces.?

_Laser in orthodontics

Er:YAG laser preparation hasbecome one effec-
tive alternative to acid etching of enamel. Laser
etching is painless and does not involve either vi-
bration or heat; also, the easy handling of the ap-
paratus makes this treatment highly attractive for
routine clinical use.®

The employment of a laser with orthophos-
phoricacid etching to enhance the strength adhe-
sionof compositeresinshasbeen proposed by sev-
eralauthorsin conservative dentistry,as well as for
bracketbondingin orthodontics.®An invitrostudy
at our university™ on 36 human extracted molars,
divided into three groups on the basis of enamel
conditioning (acid only, laser only and laser plus
acid) and analysed by traction tests by measuring
the force necessary to detach the brackets, gave
the results reported below (Tab.1and 2).

Recently, another interesting in vitro study,’
based on strength analysis by traction testand mor-
phological analysis by SEM and Atomic Force Micro-
scope, showed the same effects with Er:YAG irradia-
tion alone as with acid etching. This was obtained by
using the so-called "QSP" mode (Fotona, Ljubljana,
Slovenia) in which each pulse is split into several
shorter pulses that follow each otheratan optimally
fast rate. In this way, a specific surface roughness is
achieved, representingarealalternative toacid etch-
ing. Microscopic observation of the samples ob-
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Table 2_Comparison of the three
samples groups.

Fig. 13_Irradiation of the central
incisor.

Fig. 14_lrradiation of the premolars.
Fig. 15_Bonding procedure
completed.

tained by the first study (University of Parma)
(Figs. 1-3) demonstrated that the enamel laser irra-
diation creates micro-fissures thatare ideal for resin
penetration.™

The surface produced by laser irradiation is also
acid resistant. Laser irradiation of the enamel modi-
fies the calcium-phosphate ratio and leads to the
formation of more stable and lessacid-soluble com-
pounds, thus reducing the susceptibility to caries at-
tack.'* 1

Because water spraying and air drying are not
needed with laser etching, time can be saved.®"’
Froma clinical standpoint, saving chair timealsoim-
proves adhesion because it reduces the risk of sali-
vary contamination.

Moreover, other authors have underscored the
result by using lasers to prepare the enamel surface
to make it more resistant to decay'® due to the mod-
ification of the hydroxyapatite crystals. Additionally,
itis very importantin the prevention of decalcifica-
tion zones around the brackets, particularly in pa-
tients with scanty oral hygiene.”®

Inrecentyears,several techniques have been pro-
posed with the same goal: to prepare a very small

surface of enamel, exactly of the same dimension of
thebracket, inline with the conceptof modern "min-
imally invasive dentistry"

The first method® consisted of the use of a
ceramic screen with a central window; the disad-
vantage consisted of the necessity to move the
screen from one tooth to another forirradiation, af-
ter first marking the centre of each with a pencil
(Figs. 4-7).

Parameters: Laser source: Er:YAG, 2940 nm
(Fidelis Plus 11, Fotona)

Pulse duration: MSP

Energy: 80 mJ defocused

Frequency: 18 Hz

Handpiece: R02, 4/6 water/air spray

An evolution of this technique was performed
with the introduction of thermo-formed individual
trays,2' which, after placement into the mouth, al-
lowed for the irradiation of all the teeth of the arch
(Figs.8-11).

Laser source: Er:YAG, 2940 nm
(Fidelis Plus 11, Fotona)

Parameters:

Pulse duration: MSP

Energy: 80 mJ defocused
Frequency: 18 Hz

Handpiece: R02-C, 4/6 water/air spray

With the introduction of digitally-controlled
technology in laser dentistry, which led to the reali-
sation and commercialisation of the "X-Runner"
laser handpiece (Fotona, Ljubljana, Slovenia), the
method becamesignificantly easier and faster, with-
outthe need toemployscreensand/or trays.?In fact,
using the laser system's touch screen, it is very sim-
ple toprogramthesizeand dimensionsrequired,and
then automatically irradiate an area equivalent to
the bracket surface (Figs. 12-14).

_Debonding

Enamel damage, whether in the form of enamel
fractures or cracks, detracts from the aesthetics of
the tooth and may require costly restorative treat-
ment. It may even compromise the tooth's integrity
by increasing the risk of eventual tooth fracture.

laser
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When the required force for bracket removal
exceeds the cohesive strength of the enamel, frac-
ture of the enamel surface is inevitable. With the
introduction of ceramic bracketsinthe mid-1980s,
the problem became more important: in fact, the
low fracture toughness of ceramics may cause
partial or complete bracket fracture during re-
moval. This precludes reuse of the same bracket at
acorrected position and may resultin eye damage,
ingestion or aspiration of bracket fragments. In
addition, removal of a bracket fragment on the
tooth may require the use of diamond burs, a
process that is time consuming and can damage
the pulp and enamel surface.” 2

Since the early 1990s, lasers have been used ex-
perimentally for the debonding of ceramic brack-
ets. The use of lasers eliminates problems such as
enameltearouts, bracketfailures,and pain thatare
encountered during conventional ceramic bracket
removal techniques.?®

Additionally, lasers have the advantage of de-
creasing the debonding force and operation time.
In most previous studies, carbon dioxide lasers,
whose wavelength is more easily absorbed by the
ceramic brackets, had been preferred for debond-
ing.?® In others,?® Nd:YAG was proposed, although
with this wavelength, approximately 69-750% of
the incident light reached the enamel surface,
which hasthe potential to cause pain ordamage to
the tooth structure.

Oztoprak et al. preferred the Er:YAG laser since it
has a lower thermal effect than the Nd:YAG or CO,
lasers. They stated that the Er:YAG laser is effective
for reducing the shear bond strengths of orthodon-
tic polycrystalline ceramic brackets from high values
to levels that are safe for removal from the teeth.?’

All these methods described are based on ther-
mal softening of the resin by the beam, but are ac-
tive only in the case of ceramic brackets. The tech-
nique we propose may be used both on ceramic
and metallic brackets, and consists of the utilisa-
tion of a H14-C handpiece with chiselled fiber tip

(LightWalker AT, Fotona, Ljubljana, Slovenia). It is
assumed that the vibrations produced by the
photo-mechanical effects of this wavelength play
themainroleintheprocessofbracketdetachment.

The fiber tip is placed tangentially to the crown
surface and inserted between bracket and enamel
asclose to the metal bracketas possible ata 45 de-
gree angle. This way, the laser energy is directed to
the adhesive. Ten laser pulses are delivered at each
side of the bracket. After that, the metal bracket is
removed, with a very low strength, with the help of
a spatula normally used to mix the cement. In this
way, there are no complications during the
debonding procedure and no damage to the
enamel surface. As the energy is set relatively low
in MSP mode, there isalso no danger for intra-pul-
pal temperature rise. Patients report absolutely no
stress during the procedure (Figs. 16-18).

Laser source: Er:YAG, 2,940 nm
(LightWalker AT, Fotona)
Pulse duration: MSP

Parameters:

Energy: 80 mJ
Frequency: 10 Hz
Handpiece: H14-C with chiseled fiber tip,

4/6 water/air spray

Editorial note: A list of references is available from the
publisher.
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