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Abstract
During fixed orthodontic treatment, there is great possibility that the dental enamel could be damaged due to the process ofdebonding the bracket. Enamel cracks are one of the most common aspects that can develop or increase during debonding. Thisreview aimed to conduct an examination of cracks in the enamel that occur both prior to and following metal or ceramic bracketsbeing debonded.
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Introduction

During fixed orthodontic treatment, there is great possibility thatthe dental enamel could be damaged due to the process of debond-ing the bracket. Enamel cracks are one of the most common as-pects that can develop or increase during debonding. 1–3 It is knownthat enamel cracks may result in a reduction in the integrity of theenamel. They can cause stains, plaque accumulation, weaknessof the enamel surface, and carious lesions, and they can also takeaway from the appearance of the teeth. 4,5
The literature comprises a number of studies regarding this con-cern. Some researchers have investigated different types of bracketbases in terms of retention. 6–10 Others have evaluated differentdebonding methods in order to find the one that would result in lessdamage being done to the enamel, 11–14 and some have evaluatedthe bonding strength of metal and ceramic brackets, 6,7 showingthat enamel cracks are associated with the bonding strength. Thisreview aimed to conduct an examination of cracks in the enamelthat occur both prior to and following metal or ceramic bracketsbeing debonded.

Brackets

Orthodontic brackets are small fixed devices that are used for lev-elling and aligning the teeth. 9 They are often used to correct mal-occlusions, such as increased or reversed overjets, crowded teeth,open bites, cross bites, deep bites, and a number of other flaws thatoccur in the jaw and teeth. Dental brackets are quite commonlyused in combination with other orthodontic appliances to aid in the

correction of jaw discrepancies while aligning the teeth at the sametime.

Evolution of the Brackets

Orthodontic brackets that have been bonded to the surface of theenamel can provide a tool that can be used in the transfer of theforce that is applied by the activated arch wire to the teeth. 15Aspart of the original approach toward treatment, a slot was used andthen attached onto the stainless-steel band. This comprised thegold-standard of practice that was used until late into the1970s. Atthat time, a new and widely-accepted practice began to be used,which entailed direct bonding of the bracket onto the enamel, whichbecame the standard method that was in lieu of the banding. 16
The next step in the evolution of brackets included modifyingthe base design, so as to provide increased bond strength throughthe use of adhesives. 17 Aesthetic brackets became very popular as aresult of the fact that the number of adults who required orthodon-tic treatment increased significantly. This treatment populationdramatically increased in the middle of the1980s, to the point thatadults consisted of 25% of the total percentage of orthodontic pa-tients when a comparison was made with the much lower numberof adult patients that existed during the 1970s. 18

Metal Brackets

Stainless-steel brackets have been in use for a number of decadesnow and have been shown to have clinically successful results. 19
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The bracket base morphology comprises mesh made of metal andcan provide sufficient adhesive bond strength to the surface of theenamel surface, so as to meet the demand of the forces that resultorthodontically. Research studies that were conducted early on,including that conducted by Gwinnett, 20 presented reports thatthe size of the mesh was optimum for attaining increased bondstrength. A number of extensive analyses were conducted regardingthe rheological properties of the adhesive pastes that were used,in which it was reported that the viscosity is, to a great extent,controlled by the volume of the filler.

Ceramic Brackets

Even though the term ceramics comprises the inclusion of differentcompounds, currently, most of the ceramic brackets that are avail-able today comprise aluminum oxide. Basically, there are 2 brackettypes, and the production of these brackets entails 2 manufacturingprocesses that are very different from each other. 21
The process that is used to make polycrystalline brackets entailsthe use of fused or sintered particles of aluminum oxide. Duringthis process, the particles are first are blended in a blender. Next,the mixture is molded in such a way that the critical bracket partscan be rammed. The part that was molded is then subjected to afiring process, at a temperature that facilitates burning of the binderand fusing, but not melting, of the aluminum oxide particles. Thisprocess of firing is known as sintering.Aluminum oxide is also used in the manufacturing of monocrys-talline ceramic brackets. This process first entails a melting processinvolving the oxide particles, after which they are slowly cooleddown 19 Monocrystalline bracket is shaped into a similar form asthat of a single aluminum oxide crystal. This manufacturing pro-cess is much more expensive and difficult due to the fact that thisceramic material is so hard. 20 The milling process, as well as thepresence of sharp corners, results in stresses being placed on thematerial, and it also predisposes the brackets to the formation offractures.

Types of Retention Mechanisms Incorporated in the Ce-
ramic Bracket Base

Aluminum oxide is used to manufacture ceramic brackets, andit is a material that is inert. As a result of this, it is not able tochemically form direct adhesion to any of the resins that are used forbonding that are currently available. As a result, there are two basicmechanisms that have been developed in which brackets made ofceramic can be attached to adhesives. 22
The first of these methods is mechanical retention, which isachieved as a result of recesses or indentations that exist in the baseof the bracket, in very much the same way as the mesh that is on themetal bracket base. The benefit of these indentations is that theycan provide a kind of mechanical interlocking between the bracketand the adhesive resin. The second method entails the use of anintermediate glass layer at the bracket base, which is done using asilane coupler. This allows for the facilitation of a chemical bond toform between the bracket and the resin that is used as the adhesive.Hence, there are 3 very different mechanisms that can be usedfor retention when attaching brackets that are made of ceramicto the agent used for bonding. These are 1) chemical retention,which is performed using silane, 2) mechanical retention, and 3)the combination of both methods. 23

Effects of the Retention Mechanism on Bond Strengths

The possibility of enamel damage occurring during the process ofthe debonding of ceramic brackets may be the result of numerousfactors. One of these significant factors comprises an increase in

the bond strength at the interface of the bracket and the adhesive.A number of the studies that have been conducted have reportedthe fact that ceramic brackets that have been retained chemicallyprovide a bonding strength that is significantly stronger when com-pared with conventional metal brackets. 24,25 This increased bond-ing strength, as a result of the use of ceramic brackets, thus resultsin the bond failing to form at the enamel-to-adhesive interface,instead of at the ‘safer’ bracket-to-adhesive interface, which oc-curs quite commonly with brackets that are made of metal. When abond fails to form at the enamel-to-adhesive interface, this causesa higher number of enamel fractures to occur, 3,26,27 which is ofgreat concern for the patients receiving the procedure, the clini-cians performing the procedure, and the manufacturers who areproducing the appliances.
Advantages and Disadvantages of Ceramic Brackets

There is only one advantage to ceramic brackets, which is theiraesthetics. 28 On the other hand, there are many disadvantages toceramic brackets, which include the following:1) There is a greater chance that fracturing will occur during theprocess of debonding the brackets, especially with the traditionaltechniques that are used for debonding.2) Brackets such as these are not able to endure the extensivetorsional forces that are in play, especially after the bracket surfacehas been notching during treatment.3) Their use should be avoided on teeth that are vulnerable.Hence, it is necessary for clinicians to conduct a very thoroughpre-treatment examination, specifically with regard to the enamelsurface characteristics, via transillumination. This will allow forthe detection of any cracks or fractures, or any other defects withthe ability to become the sites of possible enamel fracture duringthe process of debonding brackets. An examination such as thisshould be considered as risk management prior to the orthodontictreatment.4) If the brackets come into contact with opposing tooth surfaces,this will result in enamel wear. Hence, ceramic bracket placementshould not be performed on the lower anterior teeth undercircumstances in which the patient has a deep overbite withminimal overjet. In cases such this, it is necessary to createsufficient overjet prior to bonding of the lower incisors. In the sameway, during the process of retraction of the maxillary incisors, itis necessary to first reduce the overbite, which will prevent themaxillary incisors from coming into contact with the ceramicmandibular brackets.5) It is also possible for these brackets to result in notches beingcreated in the arch wires. This would result in greater frictionoccurring between the arch wire and the bracket. This, in turn,may result in decreased tooth movement efficiency.6) Using these brackets should be avoided for patients who willundergo orthognathic surgery. Fractures in these brackets eitherprior to, during, or following the surgery, may potentially result inthe occurrence of undesirable complications.7) As a result of the potential fracture of enamel of the bracket,clinicians should be extra careful in the debonding of ceramicbrackets.

Bonding Procedure

In dentistry, the application of adhesive bonding resins has in-creased significantly as a result of the introduction of a techniquethat is known as enamel acid-etching, which was introduced byBuonocore in 1955. 29 Through the demonstration of a 100X in-crease in retention onto teeth that had been etched for 30 s via theuse of 85% phosphoric acid, Buonocore was able to develop moderndentistry techniques with regard to adhesives. 29 Over the last fifty
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years, bonding using a number of adhesive resins to enamel hasbeen researched in orthodontic studies. The technique of directbonding was centered around the notion of the attachment of or-thodontic appliances onto the enamel surface through the use ofadhesives. Since then, this technique has become the foundationthat contemporary orthodontics has been built on.
Even though the techniques and materials that are used for thebonding of the bracket have changed throughout the years, theprocedure has mainly remained the same. In general, orthodonticbonding comprises a three-step technique, which consists of anetchant, primer, and adhesive. However, more recently, these threesteps have often been combined, thus resulting in only two steps,or even just a single step. Research has revealed that the microp-orosities resulting from the acid-etching process make possiblethe incorporation of small resin tags into the surface of the enamel.This occurrence results in microscopic mechanical interlocks be-ing created between the resin and the enamel. 26,30,31 The conceptof adhesion has been extensively studied, and at the current time,there are a combination of theories, such as mechanical, adsorption,diffusion, and electrostatic, that are used in the explanation of thisphenomenon. 32 The conventional process of acid-etch bondingcomprises 4 steps, as follows: 1) cleansing of the enamel surface;2) conditioning of the enamel, i.e. etching; 3) the application of aprimer, and 4) the application of the adhesive. The purpose behindcleansing of the enamel surface is to remove any contaminants ordebris that could possibly prevent the conditioner and/or primermaterials from coming into contact with the enamel surface whileapplying them. Most often, cleansing of the enamel surface is ac-complished by applying a rubber polishing bur and pumice for 10 sper tooth. Conditioning of the enamel, i.e. etching, has generallybeen accomplished via the use of 37% orthophosphoric acid, whichis capable of dissolving enamel prisms, which is necessary to createthe microporosities that are required for development of the resintags. The application of a primer is necessary to aid in diffusing theadhesive monomers into entire depth of the etching on the enamelsurface. Following this, an adhesive resin is applied, which canbe either light-curing or self-curing. Following this standardizedprocedure allows clinicians to attain successful direct or indirectbonding of the orthodontic brackets and other appliances onto theteeth, with bonding strength that is sufficient to withstand themajority of the forces that commonly occur during orthodontictreatment within the oral cavity. 33

Debonding Procedure

The methods used to remove the bonded orthodontic brackets in-volve either deforming the bracket wings or the bracket base, and‘peeling’ the loosened bracket from the tooth, or applying a shearforce across the adhesive. Detachment of metal orthodontic brack-ets with ligature cutters is considered by some clinicians to resultin the least amount of enamel damage. 34 Adhesive failure can oc-cur in the resin used as the adhesive, which is known as cohesivefailure, at any interface between the bracket/adhesive/enamel or ata number of different sites. 35 Factors that may influence the site ofdetachment are the procedure used to prepare the tooth for bond-ing, the type of bonding material, and the type of instrument usedto remove the brackets. 36
Heravi et al. 1, reported the use of three different pliers for theprocess of debonding metal brackets, which comprised a bracketremover with a single blade, a bracket remover with a double blade,and an orthodontic ligature cutter. The results of their study showedthat all of these methods caused adhesive failure, either at the inter-face of the bracket base-to-adhesive or within the adhesive resin(cohesively). Additionally, the number of enamel cracks increased.Therefore, they concluded that despite the widespread use of thesemethods for debonding, it is necessary to define methods that willresult in there being less damage to the enamel.

Debonding methods for ceramic brackets

As a result of the brittle nature of brackets made of ceramic, theearlier methods that were used for mechanical debonding very of-ten resulted in failure of the enamel or bracket. As a result of thisoccurrence, researchers, manufacturers, and clinicians have aimedat developing new and improved techniques for debonding that arespecially designed for use with brackets made of ceramic. Thesenew techniques for debonding have included ultrasonic, mechani-cal, laser, and electrothermal.
Mechanical debonding

The earliest debonding instruments used on brackets made of ce-ramic comprised the application of heavy shear torsion forces toteeth that were already mobile and sensitive. The nature of thesudden fractures in the brackets that was associated with thesemethods resulted in the potential occurrence of fracturing or cracksin the enamel. 19 It has been stated that “This method of force con-centration is analogous to the delamination of two pieces of bondedwood. Attempting to twist one piece from the other will requiregreat forces. Wedging a chisel at the interface of the two will usuallybe less destructive and require significantly less force to separate.”At the present time, among the most popular techniques for themechanical debonding of brackets made of ceramic is one that en-tails the application of debonding plier blades near the surface of theenamel, but still within the adhesive. 15 In a normal in-vitro shear-bond strength test, however, the force must be applied to one side ofthe bracket. 25 Hence, it has been necessary to attempt to simulatethis situation in a clinical setting so as to measure the actual forcethat is being applied by the pliers throughout the debonding proce-dure, via the application of this force on both sides of the bracket atthe bracket-to-adhesive interface. 32
The application of the load, simultaneously, to both sides usingpliers causes an increased risk that a crack will be created in thebrittle adhesive. Recently conducted studies have reported thatperforming this method results in the transmission of one-thirdless force onto the enamel when a comparison was made with a pureshear force. This is a very significant reduction in the debondingforce, which, in turn, puts much less stress on the surface of theenamel, which reduces the chance that fracture damage will occur.The plier blade width can have an effect on the debonding forces.Either narrow, 2.0-mm, blades or the wide, 3.2-mm, blades can beused by the clinician when debonding a bracket made of ceramicwith a debonding instrument that has a sharp edge. Using narrowblades means that there is lower debonding stress, at about 120kg/cm2, than what would occur when using wider blades, whichwould result in 150 kg/cm2. That is to say, a reduction in the debond-ing force occurs when narrow plier blades are used.

Ultrasonic debonding

The ultrasonic technique uses specially designed tips applied at thebracket-adhesive interface to erode the adhesive layer between theenamel surface and bracket base. 36 The force magnitudes requiredwith the ultrasonic approach are significantly lower than those re-quired for the conventional methods of bracket removal. However,the ultrasonic technique has a major disadvantage. The debondingtime using this technique is 30 to 60 s per bracket, which is signifi-cantly more when compared with 1 to 5 s for other bracket removalmethods. In addition, there is excessive wear of the relatively expen-sive ultrasonic tips. This wear is the result of the friction betweenthe softer steel tip moving against the much harder ceramic sur-face. 23 There is also the potential for gouging the enamel surfaceduring the erosion process. Consequently, this method of removalfor brackets made of ceramic has recently not been recommendedfor clinical use.
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Laser debonding (electrothermal debonding)

The application of laser technology in dentistry was not consideredpractical until recently, because early research had shown that laserirradiation of teeth generated too much heat, which resulted inpulpal damage and enamel fracturing. 37 Within the past few years,significant advances in laser technology and in our understandingof how the energy in a laser light beam interacts with certain mate-rials has greatly decreased the undesirable thermal effects. Hence,these developments have resulted in the successful application oflasers in dentistry. 32 This new knowledge has allowed the selectionof a laser with the proper characteristics to assure the rapid debond-ing of brackets made of ceramic without damaging the tooth, thebracket, or the soft tissues. With the development of such systems,bonding strengths can be maximized, facilitating both the use ofnew treatment modalities and small brackets with larger forces,without the fear of undesirable damage during debonding. 38,39
Any process that degrades the bonding resin will facilitatedebonding. Laser-initiated degradation can occur as the result ofthermal softening, thermal ablation, and photoablation. Thermalsoftening, which occurs at relatively low rates of laser energy depo-sition, heats the bonding agent up until it softens, and the bracketsdebond by sliding off the tooth. Heating could occur directly in theresin, the bracket, or the tooth, depending on how these compo-nents absorbed the light energy. Since the process is relatively slow,it would be expected that this type of debonding would result in asignificant increase in both the tooth and the bracket temperature.
Debonding brackets made of ceramic has been attempted usingboth CO2 and YAG lasers in combination with mechanical torque.The use of a laser is conceptually similar to the use of the elec-trothermal approach, that is, through heat generation to softenthe adhesive. With the laser, the torque force required to debondpolycrystalline brackets was lowered by a factor of 27 for molarsand a factor of 16 for incisors when compared with the mechani-cal debonding forces used without the laser. The polycrystallinebrackets were illuminated for 2 s with a focused CO2 laser beam of14 W, whereas the monocrystalline brackets needed only half thatamount of energy. The laser approach, although still experimental,is more precise with regard to time and the amount of heat applica-tion, and therefore would have better control of the amount of heattransmitted to the tooth. A major disadvantage, in addition to theside effects of the thermal energy on the pulp, is the high cost ofthe laser instrument.
The short- and long-term effects of laser (electrothermal)debonding on the underlying pulp and the degree of patient dis-comfort have been examined in some studies. 40–44 Forty-eightpremolars planned for orthodontic extraction were bonded withmonocrystalline brackets and debonded using the electrothermal(laser) instrument. Patients were questioned about the sensationsduring debonding. The teeth were extracted at 1 or 4 weeks afterbracket removal and were then histologically examined. The find-ings indicated that at the end of 1 week, the predominant inflam-matory cells were lymphocytes, with no pulpal necrosis observed.At 4 weeks, chronic inflammation decreased over time, indicatingrepair of the damaged areas. The odontoblast tic layer was intact,although some evidence of the earlier damage remained in 12% ofthe specimens. A similar reaction occurs when a tooth has a cavitypreparation. The histological evidence indicated that the pulp dam-age was mostly reversible, and the pulp injury, when it occurred,was relatively mild in the premolar teeth. In the clinical tests, thepatients experienced minimum discomfort. Generally, the sensa-tion was described as "warmer than normal body temperature,"but was well-tolerated. 45

Enamel cracks

The origin of the cracks that have been observed in the enamelof human teeth has been a subject of great controversy, as thesecracks are believed to be multi-causal. According to the currentliterature, there are two basic possibilities for this, which comprise:1) developmental disturbances and 2) some type of mechanical fail-ure. 39 Developmental disturbances imply that there was a fault inthe development of one of the ameloblast sectors, while mechanicalfailure implies that there was a fracture that occurred in the enamelcap at some point, either prior to or following the eruption. Highstress placed on the surface of the tooth, as a result of mechanicalloads or fast thermal changes, are transferred onto the dentinoe-namel junction. Enamel cracks may occur as a result of the evidentdifference that exists between the rigidity in the enamel and thedentin. 34 In addition, traumatic injury that occurs directly to theteeth may also cause cracks. Fractures such as this generally occurin the direction of the enamel prisms, and usually do not surpassthe enamel-dentin border. They usually do not require treatment,with the exception of a vitality check-up at 6 to 8 weeks followingthe procedure.

The incidence of enamel cracks after mechanical debond-
ing

Zachrisson et al. 46 analyzed and compared the prevalence and ap-pearance of enamel cracks in teeth of 2 post-orthodontic groups anda matched untreated group of adolescents. Using fiber-optic tran-sillumination, they made a clinical assessment of enamel cracks(prevalence, localization, expression, direction) in the three groupsof adolescents representing debonded, debanded, and orthodonti-cally untreated teeth. The findings indicated that enamel crackswere extremely common in all three groups. Most of the crackswere not prominent and could easily be overlooked on routine clini-cal examination. The majority of the cracks were vertical and, withthe exception of the mandibular incisors, were most frequently lo-calized in the gingival two-thirds of the facial tooth surfaces. Themarked cracks were observe mostly on maxillary canines and cen-tral incisors in all of the groups. The few horizontal cracks thatwere noted were mostly located in the maxillary and mandibularcentral incisors.
Heravi et al. 1 compared the adhesive remnant scores (ARI) inaddition to the number, lengths, and directions of enamel cracksbefore bonding and after debonding of metal orthodontic bracketswith 3 different methods, which included a side cutter, a single-blade bracket remover, or a double-blade bracket remover. Afterdebonding, the number of enamel cracks and pronounced cracks, aswell as the lengths of the enamel cracks increased in all of the groups.The ARI scores and the direction of propagation of the enamel crackswere not influenced by the debonding method used. They concludedthat the enamel damage caused by the 3 methods proved that thedebonding procedures must be realized with caution, and despitethe widespread use of these methods, new techniques that result inless enamel damage should be developed.

Incidence of enamel cracks after laser debonding

Electrothermal (laser) debracketing, requires the application of thehot tip of a soldering gun-like device to the bracket until debond-ing occurs. Dovgan et al. 40 used the electrothermal technique fordebonding and found that brackets made of ceramic could be re-moved in less than 4 °C with no significant pulpal damage accordingto histologic examination. However, Rueggeberg et al. 43 found thatthe time required for the same technique exceeded 1 min, and thebonding interface temperature exceeded 160 °C for all 9 of the bond-ing agents tested. They noted that the increased debonding times
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and high interface temperatures, which are characteristics of elec-trothermal debonding, would be clinically inconvenient and wouldhave the potential to damage the pulp.Strobl et al. 44 investigated the in vitro removal of both polycrys-talline and monocrystalline brackets made of ceramic that werebonded to human premolars and molars with a highly filled com-posite resin. The debonding torque was applied after the bracketsmade of ceramic were lased with CO2 and Nd: YAG lasers. The lasingtime was set at 2 s. The results of their study showed that laser-aided debonding significantly reduced the debonding force and therisk of enamel damage.Rickabaugh et al. 42 investigated the effects of varying lasingtimes, debonding forces and their effects on intrapulpal temper-ature increase. The results of their study showed that the tensiledebonding force could be reduced by a factor of 12 if an intrapulpaltemperature increase of approximately 5.5 °C was accepted.Obata 41 studied the effects of the CO2 laser on the removal ofbrackets made of ceramic using 2 different bonding adhesives. Af-ter measuring the shear forces, the enamel and bracket fractureswere observed in the specimens. The laser-irradiated group, whichincluded the use of either 4-META MMA resin or Bis-GMA resin,had no fractures.

Conclusion

All clinically and commercially acceptable braces must demonstratean optimum bonding strength for successful orthodontic treatment.However, ceramic brackets show higher bonding strength whencompared to metal brackets. This increases the risk of possibleenamel damage during deboning, especially when higher shearbond strength values are achieved. There is a high risk of newenamel crack formation when ceramic brackets are debonded us-ing traditional debonding methods. On the other hand, the risk ofnew enamel crack formation significantly reduces if debonding ofceramic brackets is realized by using Er: YAG laser. Nevertheless,the side effects of laser irradiation still must be clarified. Furtherresearch is required to overcome the problems related with thedebonding of orthodontic brackets and enhance the adhesive sys-tems used for the bonding of ceramic brackets especially.
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