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Abstract

Enamel cracks or enamel microcracks are defined as a fracture at the enamel surface usually when the ceramic
brackets debonding procedure takes place. Enamel loss is a common problem during orthodontic debonding, in
which enamel is damaged and irreversible morphological characteristics arise, which are quite visible by the
naked eye. Particularly the removal of ceramic brackets generates several complications as tooth staining,
plaque accumulation, carious lesions, and hypersensitivity. Ceramic brackets can be damaged the enamel
surface although, debonding techniques seem to decrease the enamel cracks providing an efficient and reliable

method.
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1. Introduction

Different debonding techniques should be
taken into consideration when it comes to
debonding the ceramic brackets as there
are several risks while doing that.
Clinicians should be mindful of the
possible advantages and disadvantages and
in the end to chose the appropriate
maneuver. This literature review is of
distinct importance in order to collect and
present the properties and the protocols
during debonding of the ceramic brackets.
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The development of the direct bonding
technique enables the fabrication of fixed
orthodontic appliances providing minimal
interference with the esthetic function. For
decades, plastic brackets have been an
alternative to metal brackets, which have
adjusted to ceramic brackets in a more
modern and aesthetic construction [1].
Today, two types of ceramic brackets are
available in the world: polycrystalline
aluminum and monocrystalline aluminum
(single crystal aluminum). Ceramic
brackets have extremely high hardness due
to aluminum oxide, presenting a
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significant advantage over metallic
brackets. Specifically, ceramic brackets
are nine times harder than metallic
brackets and have a higher tendency for
fracture upon the metallics, the so-called
“brittle ~ failure”.  Therefore, enamel
microcracks following orthodontic
debonding can occur related to the high
bond strength of ceramic brackets
associated with unexpected sudden impact
loading [9].

Nevertheless, several studies reported that
ceramic bracket removal produces enamel
cracks (ECs) or enamel microcracks
(EMCs), which generates irreversible
changes in the enamel structure [1,2,3,4].
During debonding, the enamel can be
damaged, cracked, fractured, or chipped
exposing the underlying dentinal tubules
especially during orthodontic debonding,
when the force of the bracket removal
surpasses the mean linear tensile strength
(14,5MPa). Therefore, the outer surface of
the enamel is irreversibly affected with a
reduction in the enamel thickness and
some morphological clinical
characteristics appeared as a result of the
induced forces, consequences that are
quite visible by the naked eye by both-
patients and dentists [2,3,4,5,6].

On the rough surface of the enamel
fractures of the debonded teeth may occur
with increased frequency the following:
plaque accumulation, stain,
hypersensitivity, and carrious lesions [7,8].

Over the years, it has been made many
attempts to create protocols that respect
the enamel structure during the process of
enamel etching and bonding techniques.
Even more, attention has been given to the
debonding procedure on the modifications
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in the tooth structure [4,9]. However, there
are insufficient data in the literature about
the role of the enamle cracks or EMCs as
well as their extension and evolution on
the enamel surface, after the bracket
removal.

2. Material and Methods

A literature search was performed to
identify the articles concerning the enamel
cracks or enamel microcracks following
the orthodontic debonding. The research
database was conducted through PubMed,
Ovid Medline, Cochrane Library, and
Google Scholar in order to record articles
that presented enamel cracks during the
debonding technique in the english
language. Key terms included “Enamel
cracks” or “Enamel microcracks”,
“Ceramic  brackets  fracture”, and
“Orthodontic debonding fracture”. A total
of 23 articles were selected and recruited
for critical evaluation for this study. The

articles included in this literature review

were publications in the last decade
between 2011 and 2021 in various
international journals.

3. Results and Discussion

Various debonding techniques and
debracketing  protocols have  Dbeen

recommended by many authors in order to
avoid risk and decrease the enamel cracks
or EMCs appearance. These include 1)
Mechanical methods 2) Electrothermal
methods (ETD) 3) Ultrasonic methods and
4) Laser debonding methods [4,9].

Mechanical methods
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The most popular debonding method for
ceramic brackets is the use of pliers with
gradually and lightly tensile forces at the
base of the bracket. Debonding pressure
frequently outcomes in partial or complete
breakage of the ceramic bracket even more
in bracket failure. After that, a high-speed
or low-speed turbine with a carbide bur
can remove all the adhesive remnants from
the enamel surface. Many pliers have been
used like the Weingart plier, the ETM 346
plier, the Howe plier, and the plastic plier
(Ormco). However, the ideal debonding
technique for minimal ceramic rupture and
less enamel damage is the debonding
protocol provided by each bracket
manufacturer. [9,10]

Electrothermal methods (ETD)

Electrothermal methods using thermal
heating for softening the adhesive material
can be very effective for debracketing,
although there is a significant risk for pulp
damage by raising the temperature and
may result in pulp necrosis. Although
some studies reported that heat
temperature was too low leading to pulp
impairments, there is always a danger to
generate pulp injuries. Nevertheless, ETD
is a widely accepted debonding method
producing fewer enamel alterations
compared to the mechanical procedure
[12].

Ultrasonic methods

Ultrasonic methods can be efficient to
disrupt the enamel-adhesive interface by
vibration, although many drawbacks have
been discussed as time-consuming for
debonding and the higher cost of the
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special ultrasonic tips. However, all the
studies reported that the ultrasonic
methods require greater time during
debonding than conventional methods.
Bishara et al. (2008) studied the
correlation of the mechanical bonding
along with the ultrasonic and ETD method
and concluded that the bracket failure was
significantly greater with the conventional
method, although the debonding time for
the ultrasonic method was remarkably
increased in comparison with the
mechanical and ETD method. [1,10,11]

Laser debonding method

Lasers can be used as an alternative
method for ceramic brackets removal by
softening the adhesive material, ablation,
and photoablation. Diode laser, Co2 laser,
Nd:YAG laser, Er:YAG laser, Tm: YAP
laser, and ytterbium laser have been
studied, each of them having advantages
and disadvantage have been studied, each
of them having advantages and
disadvantages. Authors reported that CO2
laser can produce less iatrogenic enamel
damage compared to the conventional
methods, although the rise of the teeth
temperature remains controversial [12,13].
Nd:YAG laser focuses the resin at the base
of the bracket instead of weakening the
ceramic bracket and as a result, high
energy can increase the pulp chamber
temperature. Diode laser showed fewer
enamel cracks than mechanical deboning
but also with higher heat temperature.
Er:YAG laser displays less thermal effects
in comparison with Co2 and Nd:YAG
lasers, due to their capability to absorb
water. The Tm:YAP similar to the
ytterbium laser resulted in a minimal
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increase of the heat temperature along with
minimal enamel cracks. Many authors
proposed lasers as less painful, dangerous,
and harmful despite the high cost,
nevertheless, an optimal general agreement
of parameters is mandatory along with
more research for greater reliability
[12,13].

Management of enamel cracks

The management of the enamel cracks
focuses on the problems that arise after
debonding of ceramic brackets. Signs like
plaque accumulation, carious lesion, tooth
staining, and hypersensitivity later after
debonding may develop. As a result, a
dentist can encounter and manage these
difficulties by various methods starting
with a simple professional cleaning up to a
build-up composite restoration. However,
the most challenging IS the
hypersensitivity of the enamel surface
causing short sharp pain, in response to
thermal or chemical stimuli. A wide range
of treatment options with desensitizing
agents and remineralizing agents are
available for treating and reducing dentin
hypersensitivity after orthodontic
debonding [14]. Treatment options
includes application of chemical agents as
potassium or ferric oxalates [15,16],
potassium nitrate [17], fluorides [18,19],
calcium sodium phosphosilicate [20,21]
and a biomimetic mineralisation system
(BIMIN) [22]. Useful solutions can be also
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5% glutaraldehyde and 35% hydroxyethyl
methacrylate (HEMA), which can block
the dentinal tubules interrupting the pain
transmission. Another agent beneficial for
the treatment is the CPP-ACFP ( Casein
phosphopeptide amorphous calcium Fluro
phosphate) a remineralized that used as
varnish with the purpose to decrease the
sensitivity and to remineralize the enamel
surface [16,17]. A study conducted in
2010 by Lata et al. reported that CPP-ACP
can successfully contribute to the
remineralization of the enamel lesions
[23]. Recently, a randomized clinical trial
done in 2020 by Vatturu et al. concluded
that desensitizer agents (5%
glutaraldehyde and 35% HEMA) can
effectively provide immediate sensitivity
relief, as well as the remineralization agent
like CPP-ACFP can equally be
advantageous in the reduction of
hypersensitivity in orthodontic patients
following debonding [14].

5. Conclusions

The orthodontist’s major concern should
always be the integrity of the enamel
surface. Thus, the debonding procedure
should be performed with extreme care to
avoid unexpected complications. Ceramic
brackets can be damaged the enamel
surface although, debonding techniques
seem to decrease the enamel cracks
providing an efficient and reliable method.
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