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Abstract

Increasing demand for esthetics during fixed appliance therapy has led to a significant 
increase in the demand for and use of ceramic brackets. This comprehensive review covers 
the physical properties as well as rebonding and debonding of polycrystalline and mono-
crystalline ceramic brackets. Furthermore, this review aims to present the advantages and 
disadvantages as well as the refinements these brackets underwent since their introduction in 
the late 1980s. Interestingly, the introduction and development of these brackets were a part 
of a quickly expanding ceramic technology in many industries. The authors strongly believe 
that the novice will particularly benefit from this review presenting up-to-date knowledge.

Keywords: review, ceramic brackets, monocrystalline alumina brackets, polycrystalline 
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1. Introduction

It is interesting to note that ceramic braces entered orthodontics via an indirect route. Translucent 
polycrystalline alumina (TPA) was developed by NASA (National Aeronautics and Space 
Administration) and Ceradyne, a leader in advanced ceramics for aerospace, defense, electron-
ics, and industrial use. In 1986, a dental equipment and supply company contacted Ceradyne 
for an esthetic material to be used in orthodontics. Ceradyne recommended TPA. Shortly, after 
this contact, namely in 1987, ceramic brackets were introduced. In the same year, i.e., 1987, the 
production of ceramic brackets reached 300,000 pieces a month [1]. To clarify, 300,000 pieces 
would translate into 15,000 nonextraction patients per month! Ceramic brackets have progressed 
substantially since their first introduction over 30 years ago. This article aims to present an up-
to-date review of the physical and clinical characteristics, i.e., properties, of ceramic brackets.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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2. Ceramic bracket production: a short overview

Most ceramic brackets are produced from aluminum oxide (alumina) particles, and these 
brackets are available in polycrystalline and monocrystalline forms [2].

Nowadays, the majority of polycrystalline (multiple crystals) brackets are produced by 
ceramic injection molding (CIM). An outline of CIM is as follows: the aluminum oxide (Al2O3) 
particles are mixed with a binder. This mixture is rendered flowable through heat and pres-
sure application and injected into a bracket mold. The binder is removed, i.e., burned out. 
Subsequently, sintering—the production of a coherent mass by heating without melting—is 
carried out. The advantage of CIM is that this technology can manufacture complex and pre-
cise items with smooth surfaces in large quantities at fast rates [3].

The production process for monocrystalline (single crystal) ceramic brackets, also referred to 
as sapphire brackets, is completely different. Here, the Al2O3 particles are melted. The resul-
tant mass is slowly cooled to permit a controlled crystallization, leading to the production of 
a large, single crystal. This large, single crystal in rod or bar form is then milled into brackets 
with ultrasonic cutting techniques and/or diamond cutting tools. After milling, the monocrys-
talline brackets are heat-treated to eliminate surface imperfections and to relieve the stress 
caused by the milling procedure. The production of these brackets is more expensive when 
compared to the production of polycrystalline brackets. This increased expense is mainly due 
to the difficulty of milling, i.e., the cutting process [2].

3. Properties of ceramic brackets

3.1. Hardness

Ceramic brackets are known for their hardness. They are notably harder than enamel [4–7]. 
Thus, contact between enamel and ceramic brackets has to be avoided by all means. This type 
of contact can lead to severe enamel damage [8]. Particular care has to be exercised with deep 
bite and/or class II canine relationship patients. If required, bite opening applications must be 
performed to prevent enamel damage.

3.2. Tensile strength

The ultimate tensile strength, often shortened as tensile strength, is defined as the maximum 
stress that a material can withstand while being stretched or pulled before failing or break-
ing [9]. When stress is placed on a ceramic material, its unyielding atomic structure makes the 
redistribution and the relief of stress close to impossible [2]. Ductile materials, such as metals 
and polymers, experience plastic deformation before failure [10]. In other words, the elongation 
of ceramics at failure (brittle fracture) is less than 1%, yet the elongation of stainless steel at 
failure (ductile fracture) is approximately 20% [11]. Hence, ceramic brackets do not flex. This 
implies that ceramic brackets are much more likely to fracture than metal brackets under identi-
cal conditions [11].
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3.3. Fracture toughness

Fracture toughness is a property which describes the ability of a material containing a crack 
to resist fracture [6, 12]. This is an important material property since the presence of imper-
fections, such as microscopic scratches, cracks, voids, and pores are not completely avoid-
able during the fabrication of materials. These microscopic imperfections may or may not be 
harmful to the material, depending on a number of factors such as the fracture toughness of 
the material examined, the stress on the material, length of the crack, and resistance of the 
material to crack propagation as well as the environment of the material [6].

The higher the fracture toughness, the more difficult it is to propagate a crack in that mate-
rial [12]. The fracture toughness of polycrystalline alumina brackets is higher than the 
fracture toughness of monocrystalline alumina brackets. This implies that crack propaga-
tion is relatively easier in single-crystal alumina brackets when compared with polycrys-
talline alumina brackets [12]. Polycrystalline brackets have a higher resistance to crack 
propagation due to crack interaction with grain boundaries (GBs). A GB is the interface 
between two “grains” (crystals) in a polycrystalline (multiple crystals) material (Figure 1). 
Cracks are impeded at these GBs [10]. Clinical applications that may scratch the surfaces of 
ceramic brackets may greatly reduce the fracture toughness, thereby predisposing ceramic 
brackets to eventual fracture [12]. Thus, utmost care has to be taken not to scratch ceramic 
bracket surfaces with instruments and stainless steel ligature wires during treatment. Also, 
the clinician should not overstress when ligating with steel ligature wires. This might initi-
ate crack growth and propagation, leading to the eventual fracture of the bracket. Careful 
ligation is mandatory, and elastomeric modules (ligatures) or coated ligatures are advised 
to prevent ceramic bracket fractures, particularly tie-wing fractures [6, 13, 14]. Arch wire 
sequencing also has to be performed carefully. The use of resilient full-size arch wires before 
the placement of full-size stainless steel arch wires is recommended [7]. Furthermore, the 
patient has to be advised to restrain from chewing and/or biting on any hard substances [6] 
as well as from intraoral/lip piercings. A prudent choice is to avoid ceramic brackets with 
orthognathic surgery patients as well as with patients involved in contact sports.

Figure 1. Schematic presentation of “grains” and GBs.
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Finally, it should be noted that the exposure of alumina to water or saliva decreases fracture 
toughness [10]. This characteristic is important to remember when the clinician attempts to 
extrapolate in vitro results to the clinical setting, i.e., the oral environment.

3.3.1. Tie-wing fracture

Figure 2 pictures a tie-wing fracture of the lower second premolar bracket. Most likely this 
tie-wing was damaged with pliers during arch wire insertion into the molar tube.

Complete fragmentation of a damaged bracket might occur during arch wire ligation or 
during the course of treatment. Thus, the removal of an impaired bracket and its replace-
ment with a new bracket is a prudent risk management strategy. The risk of ceramic frag-
ment penetration into the patient’s oral soft tissues, inhalation or swallowing by the patient 
does exist. Ceramics are radiolucent, i.e., ceramic bracket fragments are not visible on radio-
graphs [15].

An interesting in vitro study [16] tested tie-wing fracture strength of polycrystalline and 
monocrystalline brackets after being exposed to fluoride prophylactic agents (Prevident 5000 
and Phos-flur gel; Colgate Pharmaceuticals, Canton, Mass, USA). The researchers stated that 
the fluoride-alumina surface interaction most likely caused strain in the surface bonds of both 
types of brackets. Yet, this presumed bond strain only affected the fracture strength of the 
monocrystalline alumina brackets. The results of this study imply that the use of topical fluo-
ride agents may increase the susceptibility of tie-wing fractures of monocrystalline brackets 
under clinical conditions and that polycrystalline brackets might be the appropriate choice for 
poor oral hygiene patients that require fluoride prophylactic agents. The authors [16] pointed 
out that this outcome was most likely related to the inhibition of cracks at the GBs of the 
polycrystalline microstructure.

The tie-wing complex of polycrystalline ceramic brackets can be manufactured as either semi-
twin or true twin. Semitwin differs from true twin by having an isthmus of ceramic joining 
the mesial and distal tie-wings, i.e., the mesial and distal tie-wings are not four independent 
projections from the bracket base as with the true twin configuration (Figure 3). This semit-
win configuration has been stated to possess a better tie-wing fracture strength. It has been 
proposed that such a ceramic connector produces a cross-stabilizing effect [13, 17].

Figure 2. Distogingival tie-wing fracture (the red elastic ligature was used to accentuate this fracture).
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3.4. Friction

When polycrystalline ceramics were compared with monocrystalline ceramics, it was con-
cluded that polycrystalline ceramics have a higher coefficient of friction. In fact, more than 
a decade ago, it was pointed out that monocrystalline brackets have frictional characteristics 
close to metal brackets [4].

To overcome the problem of frictional resistance of polycrystalline brackets, manufacturers 
carried out numerous modifications. Polycrystalline ceramic brackets with metal inserts in 
the arch wire slot (metal slots) were developed [18]. Nevertheless, it was reported that the 
sharp edges of the metal insert may “dig into” the softer arch wire material, thus increasing 
resistance to sliding and thereby reducing the efficiency of tooth movement [7, 19]. Another 
modification was the addition of bumps along the floor of the polycrystalline ceramic bracket 
slot. Nevertheless, these bumps were not effective in reducing frictional resistance [20].

A recent study, including ceramic and metal brackets that were manufactured by different 
production methods, including CIM and metal injection molding (MIM), concluded that the 
manufacturing technologies do not present a critical difference regarding friction [3]. It was 
reiterated that the complex phenomenon of friction depends on a multitude of factors, such as 
the bracket/ligature/arch wire combinations, the surface quality of the arch wire/bracket slot, 
the bracket design, and the force exerted by the ligature on the arch wire [3].

3.5. Optics

The optical properties of ceramic brackets provide an attractive option for a great number 
of patients. As previously mentioned, polycrystalline ceramic brackets possess a microstruc-
ture of crystal GBs. This microstructure reflects light, resulting in some degree of opacity. In 
contrast, single-crystal brackets lack GBs, thus permitting the passage of light, making these 
brackets basically clear [2, 10, 21].

Figure 3. The semitwin tie-wing complex.
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As mentioned above, monocrystalline brackets have more optical clarity than polycrystalline 
brackets (Figure 4). Whether this difference is of essential importance from an esthetic point 
of view is a decision to be made by the orthodontist as well as the patient [2].

Apart from esthetics, the optical properties of ceramic brackets have been shown to affect the 
amount of light transmitted through these brackets during photocuring. The amount of light 
transmitted through ceramic brackets affects the curing efficiency of the light-cured adhesive. 
Polycrystalline brackets and polycrystalline brackets with a polymer mesh base were found 
to block direct light transmittance to a greater extent than monocrystalline brackets. It was 
pointed out that the color-coded holders designed for identification and handling of ceramic 
brackets also hinder light transmittance. The use of clear holders with colored edges has been 
suggested [22].

3.6. Color stability

The color stability of ceramic brackets throughout orthodontic treatment is an important char-
acteristic. It has been stated that ceramic brackets, both monocrystalline and polycrystalline, 
undergo a color change when subjected to coffee, black tea, coke, and red wine [21, 23, 24]. 
It has to be pointed out that these are in vitro findings. In vivo studies concerning the color 
stability of ceramic brackets are lacking.

3.7. Plaque accumulation

Limited information is available about which bracket material (ceramic versus metal brackets) 
is less prone to the adhesion of bacteria and plaque accumulation. A clinical study performed 
by Lindel et al. [25] concluded that ceramic brackets exhibit less long-term biofilm accumula-
tion than metal brackets. It was emphasized that future research should aim to determine 
whether the difference in biofilm accumulation between ceramic and metal brackets has a 
clinically significant effect on the development of decalcifications. Lindel et al. [25] pointed 
out that the results obtained from this type of future research might have a strong effect when 
choosing bracket material in patients with insufficient oral hygiene habits.

Figure 4. Intraoral image of monocrystalline (A) and polycrystalline (B) ceramic brackets.

Current Approaches in Orthodontics10



3.8. Biocompatibility

Biocompatibility is the ability of a material to provide successful service in a host while caus-
ing minimal response [9]. It has been stated that conventional ceramic brackets are chemically 
stable (inert) in the oral environment and that they exhibit excellent biocompatibility with 
oral tissues [5].

In 2012, Retamoso et al. [26] carried out an in vitro cytotoxicity study evaluating various 
orthodontic brackets. These researchers reported that monocrystalline ceramic brackets had 
good biocompatibility. On the other hand, polycrystalline ceramic brackets with metal slots 
demonstrated some toxic effects. It was pointed out that the metallic slot was the essential 
factor responsible for a decrease of cell viability due to nickel ion release. They [26] concluded 
that it is essential to continue with studies evaluating cytotoxicity. If toxicity of any material 
is proven, alternative materials have to be used.

3.9. Magnetic resonance imaging (MRI) compatibility

Orthodontists are often asked to remove fixed orthodontic appliances prior to an MRI scan—a 
diagnostic tool that does not expose the patient to radiation—particularly when looking for 
pathology in the head and neck region or when information regarding the articular disc is 
required [10, 27].

Beau et al. [27] provided a detailed flowchart concerning the indications for the removal of 
fixed orthodontic appliances prior to MRI scans of the head and neck region. According to 
this flowchart, ceramic brackets do not have to be removed prior to an MRI scan. They are 
MRI-safe. However, ceramic brackets with any metal components, such as stainless steel slots, 
have to be removed if the region under examination is adjacent to these brackets. Stainless 
steel causes extensive artifacts, which may degrade image quality beyond clinical acceptabil-
ity. The authors [27] pointed out that they did not include arch wires or removable appliances 
in their research, since these can be easily removed prior to an MRI scan.

4. Characteristics of ceramic bracket bases

Several retention mechanisms were developed for the attachment of ceramic bracket bases 
to the adhesive. These are chemical retention, mechanical retention, and a combination of 
both methods [21, 28]. The first developed method was the chemical retention method. This 
method, now obsolete, used a coating of glass on the flat ceramic bracket base and then a silane 
coupler to achieve a chemical bond between the glass-coated bracket base and the adhesive. 
The silane molecule is a bifunctional molecule; that is, one end reacted with the glass coating 
on the bracket base, while the other end reacted with the adhesive [11, 29]. It was pointed out 
that the chemical retention mechanism produced very strong bonds that harmed the tooth 
surface in the form of cracks and enamel tear-outs during debracketing [4, 7, 11, 29–32].
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Almost three decades ago, Ghafari and Chen [33] compared the performance of chemical 
retention ceramic brackets to silane-treated grooved base ceramic brackets (a combination 
of chemical and mechanical retention). They [33] concluded that mechanical retention might 
reduce the negative side effects of debracketing by favoring failure within the adhesive, thus 
protecting the integrity of the enamel surface, i.e., the health of the tooth, as well as the integ-
rity of the ceramic bracket.

The reports about iatrogenic tooth damage during debracketing impelled manufacturers to 
make changes in the base designs of ceramic brackets, relying more on mechanical retention 
for bond strength. In fact, the majority of ceramic brackets available today are purely mechan-
ically retained brackets [4, 30, 34]. Mechanical retention is achieved by creating undercuts 
or grooves in the base of the bracket. These undercuts make a mechanical interlock with the 
adhesive bonding agent possible [28].

Currently, many different mechanical base designs are available, such as microcrystalline 
base design with a stress concentrator, button-structured base design, ball-base design with 
gingival ball reduction, dovetail base design, laser-structured base design, and “portal” bond-
ing base design [4, 15, 35, 36].

An additional, interesting base design is the application of a thin layer of polymer onto the 
ceramic bracket base [19]. Thus, bonding takes place between the enamel and the flexible 
polymer mesh base. Encouraging in vitro results concerning the enamel surface after debrack-
eting were obtained [30, 37, 38].

At this point, only two published clinical studies [14, 39] with a purely mechanical retention 
mechanism were encountered. There is a need for clinical studies, particularly randomized 
clinical studies, i.e., the gold standard for evaluating clinical procedures.

5. Rebonding of ceramic brackets

Although some major orthodontic supply companies explicitly state in their instruction 
sheets that their ceramic brackets are for single use only, several laboratory studies suggested 
various techniques for the reuse, i.e., the rebonding, of ceramic brackets [40–44]. For reuse, the 
bracket has to be intact in the first place.

It has been pointed out that the appropriate term is “reuse” or “recondition” instead of 
“recycle,” since the term “recycled” implies the manufacturing of new brackets from the raw 
material of the original, failed brackets [12]. Nevertheless, the literature usually refers to these 
brackets as “recycled.”

An in vitro study [43], carried out in 2016, investigated the “recycling” of polycrystalline 
ceramic brackets with a microcrystalline base via the following three methods: first is the 
erbium-doped yttrium aluminum garnet (Er:YAG) laser, and the other two are traditional 
methods, i.e., flaming and sandblasting. Sandblasting (50 μm Al2O3 particles) damaged the 
delicate bracket base structure and demonstrated significantly less bond strength than new 
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brackets. The flaming procedure yielded a bond strength that was similar to that of new 
ceramic brackets. However, flaming affected the esthetics of these brackets, i.e., these brackets 
ended up faded and dark. Er:YAG lasers completely removed the adhesive remnants from 
the ceramic bracket bases without damaging the base structure. Furthermore, the shear 
bond strength of Er:YAG laser “recycled” brackets was similar to that of new brackets. It was 
pointed out that the laser method may be preferred over other “recycling” methods.

Yassaei et al. [44] also concluded that the Er:YAG laser presents an efficient way for “recycling” 
ceramic brackets. These researchers used polycrystalline ceramic brackets with a dovetailed 
base in their in vitro study.

6. Debonding of ceramic brackets

Debonding usually refers to the removal of orthodontic brackets and the residual adhesives 
from the tooth enamel at the end of fixed appliance treatment [45].

Ceramic brackets lack flexibility. In other words, the rigid ceramic and the rigid enamel have 
little ability to dissipate stress when exposed to debracketing forces at the end of treatment. 
Thus, bracket fracture and/or enamel damage may occur during debracketing [2, 11].

Several approaches aiming to minimize the side effects associated with the debracketing of 
ceramic brackets exist. These are the conventional (mechanical), ultrasonic, electrothermal, 
and laser techniques [11, 21].

6.1. Mechanical debracketing

Three mechanical debracketing techniques have been described. These are lift-off, wrenching, 
and delamination [46]. The first technique uses a lift-off debracketing instrument (LODI). This 
pistol-grip plier is placed over the bracket, and a debracketing force is applied to the tie-wings 
of the bracket. It has been pointed out that the LODI cannot be used with ceramic brackets due 
to their brittleness [39]. The wrenching technique uses a special tool that produces a wrench-
ing or torsional force at the base of the bracket [46]. This approach, providing a rotational 
shear force, can be likened to the turning of a door knob.

The delamination technique was the first technique introduced and is still reported to be the 
most widely accepted ceramic bracket removal technique [11, 15]. This technique involves 
the application of a slow squeezing force with the sharp blades of the debracketing pliers 
placed on the enamel surface and within the adhesive, thereby producing a wedging effect 
(Figure 5).

It has been stated that such a force—produced by a slow, gradual compression—would seem 
to offer the best chance for inducing crack propagation within the adhesive, leading to a cohe-
sive failure, thus minimizing the risk of enamel damage as well as the risk of bracket fracture. 
A cohesive bond failure is a failure through a single material, where cohesive forces between 
the same atomic species are present [2, 11, 21, 46].
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In 1993, Bishara and Fehr [47] evaluated the force levels produced with wide and narrow 
blades during ceramic bracket removal from human maxillary molar teeth. The wide blades 
and narrow blades were 3.2 and 2 mm, respectively. Polycrystalline ceramic brackets relying 
on a combination of mechanical and chemical retention were used. The findings of this in vitro 
study indicated that the narrow blades produced a significantly lower mean debracketing 
force, namely 120 kg/cm2 than the wider blades (150 kg/cm2). Bishara and Fehr [47] concluded 
that such a significant reduction (20%) in the debracketing force places less stress on the enamel 
surface, thereby reducing the risk of enamel damage. It has been reported and reiterated that 
debracketing forces larger than 138 kg/cm2, i.e., 13.53 MPa should be avoided [11, 48, 49].

In 2000, Arici and Minors [50] carried out an in vitro study with four different methods of deb-
racketing. They pointed out that reducing the contact area, i.e., contact area between the plier 
blades and the adhesive, to a minimum reduces the force necessary to initiate ceramic bracket 
removal. Macroscopically, no enamel damage and no bracket fractures were reported. Arici 
and Minors [50] used primary bovine mandibular incisor teeth and polycrystalline ceramic 
brackets with chemical retention. They concluded that their findings basically corroborate the 
findings of Bishara and Fehr [47].

Following the introduction of ceramic brackets, more than 30 years ago, serious complications 
during debracketing were encountered [4, 7, 11, 13, 51, 52]. Many in vitro studies, to assist in 
the development of more reliable and clinically safe ceramic brackets, followed. The reduc-
tion of ceramic debracketing forces, thereby protecting enamel integrity as well as bracket 
integrity, was the aim of these studies [11, 47, 48, 50].

Nowadays, the majority of ceramic bracket manufacturers present detailed debracketing 
instructions. In fact, many manufacturers have introduced debracketing instruments specifically 
designed for their bracket brand. These manufacturers claim that their brackets can be removed 
as easily and as safely as metal brackets as long as the orthodontist meticulously follows these 
instructions [4, 11, 13, 15]. As a risk management strategy, ceramic brackets that are not accom-
panied by detailed instructions for bonding and debracketing should definitely not be used.

Any shortcomings related to ceramic brackets should be reported immediately to the manu-
facturer [7]. “First, do no harm” should serve as the fundamental guiding principle for anyone 
engaged in health care [53].

6.2. Precautions for mechanical debracketing

Bonding a ceramic bracket to a compromised tooth, such as a brittle, nonvital tooth (endodon-
tically treated tooth), a tooth with developmental defects, a tooth with demineralized enamel, 

Figure 5. Schematic presentation of the delamination technique.
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a tooth with enamel cracks and/or a large restoration, should be avoided as much as possible. 
This type of tooth is under greater risk for enamel damage when compared with a healthy 
tooth during mechanical debracketing [21, 39]. Care also has to be exercised with porcelain 
restorations, such as crowns and veneers [51].

During the bonding procedure, excess adhesive flash (EAF) must be removed with an 
explorer before the adhesive has set or with burs after setting. Only meticulous EAF removal 
allows the sharp-edged plier blades of the debracketing instrument to be fully seated on the 
enamel during ceramic bracket removal. This produces a safe force transmission and crack 
propagation through the adhesive, resulting in a cohesive failure within the adhesive, thereby 
protecting enamel as well as bracket integrity [2, 11, 21]. Furthermore, EAF removal improves 
esthetics by providing a clean and neat appearance.

It should be noted that a flash-free adhesive-coated appliance system was introduced. This 
innovative technology does not necessitate flash removal [54].

Unfortunately, debracketing may lead to bracket fracture. Bracket fragments may detach 
(loose fragments) or remain attached on the enamel surface. Low-speed or high-speed grind-
ing of the bracket fragments with no water coolant may bring forth permanent damage and 
necrosis of the dental pulps. Therefore, water cooling is absolutely necessary during the grind-
ing/removal of ceramic bracket fragments [10, 55]. Furthermore, high-volume suction next to 
the area of grinding has been emphasized in order to minimize the spreading of ceramic 
particles [10, 55]. These particles have been reported to cause irritation of the eyes as well as 
itching of the hands [55]. After the removal of these fragments, the clinician can proceed with 
adhesive remnant removal.

Loose, fractured ceramic bracket fragments may create serious problems, such as aspiration 
or ingestion of these radiolucent fragments. Furthermore, during debracketing, the “popping 
off” of fragments may occur. This may subject the patient as well as the orthodontist to eye 
injury. The use of protective eyewear and a mask is indispensable for the orthodontist. The 
patient should be given protective eyewear as well [21, 34, 56].

The force applied during debracketing may cause discomfort. Therefore, the orthodon-
tist should always support the teeth with his or her fingers or make the patient bite firmly 
into a cotton roll during debracketing. Biting firmly into a cotton roll and/or gauze not only 
minimizes discomfort but also minimizes the risk of brackets and/or fragments from getting 
displaced into the oral cavity [21, 34]. Colored cotton rolls may facilitate the detection of frac-
tured ceramic bracket fragments.

If pliers are used for debracketing, Bishara and Fehr [21] advised the renewal of the plier 
blades after the removal of 50 brackets. Pliers with nonexchangeable blades should be sharp-
ened on a regular basis [21]. Sharp-edged plier blades are required for safe debracketing, i.e., 
for the induction of crack propagation within the bonding adhesive rather than the enamel or 
the ceramic bracket. The orthodontist should never delegate ceramic bracket debracketing to 
auxiliaries [21, 56].

It has been emphasized that every informed consent form signed by the patient/parents 
(and the orthodontist) should specifically outline the potential risks of ceramic brackets, 
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particularly in an ever-increasing litigious society [56]. Also, the brand of the ceramic bracket 
should always be recorded on the patient’s file. This is of particular importance in the case of 
transfer to another orthodontist.

6.3. Adjunctive methods proposed for mechanical debracketing

Larmour and Chadwick [57] evaluated the ability of a commercial debonding agent, post-
debonding agent (P-de-A) (Oradent Ltd., Eton, Berks, UK). This green gel, containing a deriv-
ative of peppermint oil, was claimed to facilitate ceramic bracket debracketing and adhesive 
residue removal. The manufacturer of P-de-A advised an application time of 1–2 min to soften 
the resin. Nevertheless, the P-de-A research results did not support these claims [57, 58].

In 1997, Arici et al. [59, 60] proposed the use of a crushable porous ceramic lamella as a means 
of facilitating debracketing. These porous lamellae were attached to the bracket base with 
adhesive resin. Subsequently, these bracket/lamella assemblies were bonded to the enamel of 
the experimental teeth (bovine incisor teeth). The authors [60] of this in vitro study reported 
the safe removal of these ceramic bracket/lamella assemblies, i.e., no fractures of the ceramic 
bracket or any evidence of enamel damage was observed. Commercial production of this type 
of ceramic bracket/lamella assembly was not undertaken.

In 1998, Larmour et al. [61] evaluated the possibility of reducing the complications of ceramic 
bracket debracketing by introducing a notch in the composite bond layer. A section of Mylar® 
matrix strip (0.01 mm thick and 0.75 mm wide) was placed within the bonding agent in this 
ex vivo investigation. After the bonding agent had set, the matrix strip was removed creating 
a “notched” bond layer. Larmour et al. [61] concluded that notching the bonding agent does 
facilitate ceramic bracket removal. Nevertheless, they emphasized that this modification is 
not feasible in a clinical setting due to the time needed and the technical difficulty of creating 
a “notched” bond layer. Furthermore, they cautioned that such a “notched” adhesive layer 
may lead to plaque accumulation.

In 2003, Carter [62] suggested that a hot-water bath might facilitate ceramic bracket debrack-
eting. Patients were given a cup of hot water, supplied from a coffeemaker, and were asked 
to hold this water in their mouths for 1 min without swallowing. Subsequently, debracketing 
with suitable pliers was performed. Carter [62] emphasized that since 1986 no enamel fracture 
or any other iatrogenic damage occurred with this application in his clinic. Unfortunately, the 
exact temperature of this “hot-water bath” was not stated.

6.4. Ultrasonic debracketing

It was reported that the ultrasonic debracketing technique presents a decreased probability of 
enamel damage as well as a decreased probability of bracket fracture. Also, the residual adhe-
sive remaining after debracketing can be removed with the same ultrasonic tip. Nevertheless, 
the debracketing time is the longest when compared with the mechanical or electrothermal 
debracketing techniques. It was reported that the debracketing time of the ultrasonic debond-
ing technique is 38–50 s per bracket, when compared with 1 s per bracket with the mechanical 
debracketing technique. Furthermore, the contact between the “hard” ceramic bracket and 
the ultrasonic tip has been reported to cause wear of this expensive tip. During the ultrasonic 
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debracketing procedure, water spray is mandatory to prevent pulp damage. This method 
requires further testing and is not yet recommended for clinical use [11, 21]. No clinical stud-
ies were encountered upon a literature search.

6.5. Electrothermal debracketing

In 1986, Sheridan et al. [63] were the first who described electrothermal debracketing (ETD) 
for the removal of metallic brackets.

With ceramic brackets, ETD has been reported to cause a reduced incidence of bracket fracture. 
The reduced incidence of bracket fracture is ascribed to the small amount of force needed to 
break the bond after the heat-induced tip has promoted bond failure by softening/weakening 
the adhesive material. A relatively short debracketing time per bracket (2 ± 1 s) was reported. 
The possibility of pulp damage has been mentioned. Fortunately, no signs of irreversible pulp 
damage with ETD were described [11, 64–66]. Patient acceptance was generally positive [64].

6.6. Laser debracketing

Different types of lasers have been used for the debracketing of ceramic brackets [67]. The 
application of laser irradiation causes the softening of the adhesive material. This seems to 
be quite similar to ETD; however, with laser-assisted debracketing, the amount of thermal 
energy delivered to the ceramic bracket can be carefully controlled, thereby preventing the 
possibility of overheating [21, 68]. The time spent for ceramic bracket removal with the laser-
based technique is 1–5 s. Debracketing forces are significantly reduced with lasers. As a result, 
enamel damage and bracket fracture risks are significantly reduced [67, 69]. The high cost of 
this device may be a disadvantage for the orthodontist [11, 21].

7. Last but not least

The physical properties as well as rebonding and debonding of monocrystalline and poly-
crystalline alumina ceramic brackets were reviewed. Ceramic brackets fabricated from poly-
crystalline zirconium oxide (zirconia) were not mentioned. Thus, we would like to add a short 
paragraph about these brackets for the interested reader.

Zirconia ceramic brackets, manufactured in Japan and Australia, have attracted interest in the 
past [12]. Nevertheless, problems concerning color (yellowish tint) and opacity (nontranslucency) 
were reported approximately three decades ago [12, 70]. Furthermore, no significant advantage 
of zirconia brackets over alumina brackets with regard to their frictional characteristics were 
reported [71]. Limited published research on zirconia (zirconium oxide) brackets exists [72].

8. Conclusion

In an increasingly demanding and litigious society, it is mandatory for the orthodontist to use 
carefully designed ceramic brackets. As a simple risk management strategy, ceramic brackets 
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that are not accompanied by detailed instructions for bonding and bracket removal should 
definitely not be used. These products might not have been exposed to appropriate, detailed 
testing procedures prior to their sale. Thus, be alert and keep updated!

Author details

Selma Elekdag-Türk1†* and Hüdanur Yilmaz (née Huda Ebulkbash)2

*Address all correspondence to: elekdagturk@yahoo.com

1 Faculty of Dentistry, Department of Orthodontics, University of Ondokuz Mayis, Samsun, 
Republic of Turkey

2 Anadolu Mahallesi, Samsun, Republic of Turkey

† I, Selma, dedicate this chapter to the memory of my grandmother, Anna Kirschner  
(1915–2004). My heart will always miss you....

References

[1] Available from: https://spacetechdevelopment.weebly.com/invisible-braces.html

[2] Swartz ML. Ceramic brackets. Journal of Clinical Orthodontics. 1988;22:82-88

[3] Reimann S, Bourauel C, Weber A, Dirk C, Lietz T. Friction behavior of ceramic injection-
molded (CIM) brackets. Journal of Orofacial Orthopedics. 2016;77:262-271

[4] Russell JS. Aesthetic orthodontic brackets. Journal of Orthodontics. 2005;32:146-163

[5] Gautam P, Valiathan A. Ceramic brackets: In search of an ideal! Biomaterials and Arti-
ficial Organs. 2007;20:122-126

[6] Scott GE Jr. Fracture toughness and surface cracks—The key to understanding ceramic 
brackets. The Angle Orthodontist. 1988;58:5-8

[7] Birnie D. Ceramic brackets. British Journal of Orthodontics. 1990;17:71-74

[8] Viazis AD, DeLong R, Bevis RR, Douglas WH, Speidel TM. Enamel surface abrasion from 
ceramic orthodontic brackets: A special case report. American Journal of Orthodontics 
and Dentofacial Orthopedics. 1989;96:514-518

[9] O’Brien WJ. Dental Materials and Their Selection. 2nd ed. Chicago: Quintessence; 1997. 
p. 16, 199

[10] Graber LW, Vanarsdall RL Jr, Vig KWL. Orthodontics Current Principles and Techniques. 
5th ed. Philadelphia: Mosby/Elsevier; 2012. p. 114, 749-755, 1028-1030

[11] Graber TM, Eliades T, Athanasiou AE, editors. Risk Management in Orthodontics: 
Experts’ Guide to Malpractice. Chicago: Quintessence; 2004. pp. 36-40

Current Approaches in Orthodontics18



[12] Brantley WA, Eliades T, editors. Orthodontic Materials: Scientific and Clinical Aspects. 
Stuttgart: Thieme; 2001. p. 22, 23, 146, 151, 159, 160

[13] Karamouzos A, Athanasiou AE, Papadopoulos MA. Clinical characteristics and proper-
ties of ceramic brackets: A comprehensive review. American Journal of Orthodontics 
and Dentofacial Orthopedics. 1997;112:34-40

[14] Verstrynge A, Ghesquiere A, Willems G. Clinical comparison of an adhesive precoated vs. 
an uncoated ceramic bracket system. Orthodontics & Craniofacial Research. 2004;7:15-20

[15] Jena AK, Duggal R, Mehrotra AK. Physical properties and clinical characteristics of ceramic 
brackets; a comprehensive review. Biomaterials and Artificial Organs. 2007;20:101-115

[16] Sanchez DJ, Walker MP, Kula K, Williams KB, Eick JD. Fluoride prophylactic agents effect 
on ceramic bracket tie-wing fracture strength. The Angle Orthodontist. 2008;78:524-530

[17] Johnson G, Walker MP, Kula K. Fracture strength of ceramic bracket tie wings subjected 
to tension. The Angle Orthodontist. 2005;75:95-100

[18] Proffit WR, Fields HW, Sarver DM, Ackerman JL. Contemporary Orthodontics. 5th ed. 
Vol. 2013. St. Louis: Mosby/Elsevier. pp. 370-372

[19] Devanathan D. Design and Development of Ultimate Ceramic Brackets. La Porte: TP 
Orthodontic, Inc; 2003; 996-372E Apr

[20] Thorstenson GA, Kusy RP. Resistance to sliding of orthodontic brackets with bumps in the 
slot floors and walls: Effects of second-order angulation. Dental Materials. 2004;20:881-892

[21] Bishara SE, Fehr DE. Ceramic brackets: Something old, something new, a review. 
Seminars in Orthodontics. 1997;3:178-188

[22] Eliades T, Johnston WM, Eliades G. Direct light transmission through ceramic brackets. 
American Journal of Orthodontics and Dentofacial Orthopedics. 1995;107:11-19

[23] de Oliveira CB, Maia LG, Santos-Pinto A, Gandini Junior LG. In vitro study of color 
stability of polycrystalline and monocrystalline ceramic brackets. Dental Press Journal 
of Orthodontics. 2014;19:114-121

[24] Guignone BC, Silva LK, Soares RV, Akaki E, Goiato MC, Pithon MM, Oliveira DD. Color 
stability of ceramic brackets immersed in potentially staining solutions. Dental Press 
Journal of Orthodontics. 2015;20:32-38

[25] Lindel ID, Elter C, Heuer W, Heidenblut T, Stiesch M, Schwestka-Polly R, Demling AP.  
Comparative analysis of long-term biofilm formation on metal and ceramic brackets. 
The Angle Orthodontist. 2011;81:907-914

[26] Retamoso LB, Luz TB, Marinowic DR, Machado DC, De Menezes LM, Freitas MP, 
Oshima HM. Cytotoxicity of esthetic, metallic, and nickel-free orthodontic brackets: 
Cellular behavior and viability. American Journal of Orthodontics and Dentofacial 
Orthopedics. 2012;142:70-74

[27] Beau A, Bossard D, Gebeile-Chauty S. Magnetic resonance imaging artefacts and fixed 
orthodontic attachments. European Journal of Orthodontics. 2015;37:105-110

Ceramic Brackets Revisited
http://dx.doi.org/10.5772/intechopen.79638

19



[28] Bishara SE, Fehr DE, Jakobsen JR. A comparative study of the debonding strengths of 
different ceramic brackets, enamel conditioners, and adhesives. American Journal of 
Orthodontics and Dentofacial Orthopedics. 1993;104:170-179

[29] Bishara SE, Trulove TS. Comparisons of different debonding techniques for ceramic 
brackets: An in vitro study. Part I. Background and methods. American Journal of 
Orthodontics and Dentofacial Orthopedics. 1990;98:145-153

[30] Kitahara-Céia FM, Mucha JN, Marques dos Santos PA. Assessment of enamel damage 
after removal of ceramic brackets. American Journal of Orthodontics and Dentofacial 
Orthopedics. 2008;134:548-555

[31] Ødegaard J, Segner D. Shear bond strength of metal brackets compared with a new 
ceramic bracket. American Journal of Orthodontics and Dentofacial Orthopedics. 1988; 
94:201-206

[32] Winchester LJ. Bond strengths of five different ceramic brackets: An in vitro study. 
European Journal of Orthodontics. 1991;13:293-305

[33] Ghafari J, Chen SS. Mechanical and SEM study of debonding two types of ceramic 
brackets (abstract). Journal of Dental Research. 1990;69:338

[34] Ghafari J. Problems associated with ceramic brackets suggest limiting use to selected 
teeth. The Angle Orthodontist. 1992;62:145-152

[35] Dentaurum. Available from: http://www.discovery pearl ceramic bracket line [Accessed: 
January 03, 2018]

[36] G&H Orthodontics. Available from: http://www.vapor ceramic bracket system [Acces-
sed: January 03, 2018]

[37] Elekdag-Turk S, Isci D, Ozkalayci N, Turk T. Debonding characteristics of a polymer 
mesh base ceramic bracket bonded with two different conditioning methods. European 
Journal of Orthodontics. 2009;31:84-89

[38] Lemke K, Xu X, Hagan JL, Armbruster PC, Ballard RW. Bond strengths and debonding 
characteristics of two types of polycrystalline ceramic brackets. Australian Orthodontic 
Journal. 2010;26:134-140

[39] Cochrane NJ, Lo TWG, Adams GG, Schneider PM. Quantitative analysis of enamel on 
debonded orthodontic brackets. American Journal of Orthodontics and Dentofacial 
Orthopedics. 2017;152:312-319

[40] Lew KK, Djeng SK. Recycling ceramic brackets. Journal of Clinical Orthodontics. 1990; 
24:44-47

[41] Lew KK, Chew CL, Lee KW. A comparison of shear bond strengths between new and 
recycled ceramic brackets. European Journal of Orthodontics. 1991;13:306-310

[42] Chung CH, Friedman SD, Mante FK. Shear bond strength of rebonded mechanically 
retentive ceramic brackets. American Journal of Orthodontics and Dentofacial Ortho-
pedics. 2002;122:282-287

Current Approaches in Orthodontics20



[43] Han RQ, Yang K, Ji LF, Ling C. Analysis of shear bond strength and morphology of 
Er:YAG laser-recycled ceramic orthodontic brackets. BioMed Research International. 
2016: 6 pp. Article ID 7276287

[44] Yassaei S, Aghili H, Hosseinzadeh Firouzabadi A, Meshkani H. Effect of Er:YAG laser 
and sandblasting in recycling of ceramic brackets. Journal of Lasers in Medical Sciences. 
2017;8:17-21

[45] Oliver RG. The effect of different methods of bracket removal on the amount of residual 
adhesive. American Journal of Orthodontics and Dentofacial Orthopedics. 1988;93:196-200

[46] Sinha PK, Nanda RS. The effect of different bonding and debonding techniques on 
debonding ceramic orthodontic brackets. American Journal of Orthodontics and 
Dentofacial Orthopedics. 1997;112:132-137

[47] Bishara SE, Fehr DE. Comparisons of the effectiveness of pliers with narrow and wide 
blades in debonding ceramic brackets. American Journal of Orthodontics and Dentofacial 
Orthopedics. 1993;103:253-257

[48] Bishara SE, Fonseca JM, Fehr DE, Boyer DB. Debonding forces applied to ceramic brack-
ets simulating clinical conditions. The Angle Orthodontist. 1994;64:277-282

[49] Retief DH. Failure at the dental adhesive-etched enamel interface. Journal of Oral 
Rehabilitation. 1974;1:265-284

[50] Arici S, Minors C. The force levels required to mechanically debond ceramic brackets: 
An in vitro comparative study. European Journal of Orthodontics. 2000;22:327-334

[51] Machen DE. Legal aspects of orthodontic practice: Risk management concepts. Ceramic 
bracket update. American Journal of Orthodontics and Dentofacial Orthopedics. 
1990;98:185-186

[52] Bishara SE. Ceramic brackets and the need to develop national standards. American 
Journal of Orthodontics and Dentofacial Orthopedics. 2000;117:595-597

[53] Keim RG. Primum non nocere. Journal of Clinical Orthodontics. 2008;42:193-194

[54] Cinader DK, Aung M, Ugai R, Conley A. APC™ flash-free adhesive: A technical over-
view. Orthodontic Perspectives Innova. 2013;XX(1):7-9

[55] Vukovich ME, Wood DP, Daley TD. Heat generated by grinding during removal of 
ceramic brackets. American Journal of Orthodontics and Dentofacial Orthopedics. 1991; 
99:505-512

[56] Abdelkarim A, Jerrold L. Risk management strategies in orthodontics. Part 1: Clinical consid-
erations. American Journal of Orthodontics and Dentofacial Orthopedics. 2015;148:345-349

[57] Larmour CJ, Chadwick RG. Effects of a commercial orthodontic debonding agent upon 
the surface microhardness of two orthodontic bonding resins. Journal of Dentistry. 
1995;23:37-40

[58] Larmour CJ, McCabe JF, Gordon PH. An ex vivo investigation into the effects of chemi-
cal solvents on the debond behaviour of ceramic orthodontic brackets. British Journal of 
Orthodontics. 1998;25:35-39

Ceramic Brackets Revisited
http://dx.doi.org/10.5772/intechopen.79638

21



[59] Arici S, Minors CJ, Messer PF. Porous ceramic lamellae for orthodontic ceramic brack-
ets: Part I: Fabrication and characterization. Journal of Materials Science. Materials in 
Medicine. 1997;8:441-446

[60] Arici S, Minors CJ, Messer PF. Porous ceramic lamellae for orthodontic ceramic brackets: 
Part II: In vitro performance testing. Journal of Materials Science. Materials in Medicine. 
1997;8:447-453

[61] Larmour CJ, McCabe JF, Gordon PH. Notching of orthodontic bonding resin to facili-
tate ceramic bracket debond--an ex vivo investigation. British Journal of Orthodontics. 
1998;25:289-291

[62] Carter RN. Hot-water bath facilitates ceramic debracketing. Journal of Clinical Orthodontics. 
2003;37:620

[63] Sheridan JJ, Brawley G, Hastings J. Electrothermal debracketing. Part I. An in vitro 
study. American Journal of Orthodontics. 1986;89:21-27

[64] Dovgan JS, Walton RE, Bishara SE. Electrothermal debracketing: Patient acceptance 
and effects on the dental pulp. American Journal of Orthodontics and Dentofacial 
Orthopedics. 1995;108:249-255

[65] Jost-Brinkmann PG, Radlanski RJ, Artun J, Loidl H. Risk of pulp damage due to tem-
perature increase during thermodebonding of ceramic brackets. European Journal of 
Orthodontics. 1997;19:623-628

[66] Kailasam V, Valiathan A, Rao N. Histological evaluation after electrothermal debonding 
of ceramic brackets. Indian Journal of Dental Research. 2014;25:143-146

[67] Ghazanfari R, Nokhbatolfoghahaei H, Alikhasi M. Laser-aided ceramic bracket debond-
ing: A comprehensive review. Journal of Lasers in Medical Sciences. 2016;7:2-11

[68] 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. American Journal of Orthodontics and Dentofacial Orthopedics. 1997;111:203-210

[69] Azzeh E, Feldon PJ. Laser debonding of ceramic brackets: A comprehensive review. 
American Journal of Orthodontics and Dentofacial Orthopedics. 2003;123:79-83

[70] Springate SD, Winchester LJ. An evaluation of zirconium oxide brackets: A preliminary 
laboratory and clinical report. British Journal of Orthodontics. 1991;18:203-208

[71] Keith O, Kusy RP, Whitley JQ. Zirconia brackets: An evaluation of morphology and 
coefficients of friction. American Journal of Orthodontics and Dentofacial Orthopedics. 
1994;106:605-614

[72] Alrejaye N, Pober R, Giordano R II. Torsional strength of computer-aided design/
computer-aided manufacturing-fabricated esthetic orthodontic brackets. The Angle 
Orthodontist. 2017;87:125-130

Current Approaches in Orthodontics22


	Chapter 2
Ceramic Brackets Revisited

