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ABSTRACT
AN INVESTIGATION INTO THE BONDING PROPERTIES OF NEVWENERATION
CERAMIC BRACKETS AS COMPARED TO A STAINLESS STEELRB\CKET

Ami Inoue, D.D.S.

Marquette University, 2014

Introduction: More patients are seeking esthetic alternatiwesiteir orthodontic
treatment options, which has led to increased tiseramic brackets in recent years.
These brackets were marketed before independamttsic research was completed.
Many of the early ceramic brackets used a silanplony agent to allow for a chemical
bond between the bracket and the adhesive regily. feaorts from clinicians of
increased bond strengths and iatrogenic tooth daratigr bracket removal were
common. Manufacturers have made changes to thegr designs, relying more on
mechanical retention for bond strength. The godhisfstudy was to test the shear bond
strength of two newer generations of mechanicallgined ceramic brackets and
compare them to a traditional stainless steel latack

Materialsand Methods: Two types of ceramic brackets, Clarity Advanceld (3nitek,
Monrovia, CA), and Avex CX (Opal Orthodontics, Sodbrdan, UT) and one type of
metal bracket, Victory Series MBT (3M, Unitek, Morra, CA) were used in this study.
Exemption from IRB Application was granted by thamguette University Institutional
Review Board (IRB) on 7-12-13. The shear bond gtitenf the three groups of brackets
were examined after bonding to extracted premoBnackets were debonded with a
universal testing machine (Instron Corporation, t8anMA) in a motion parallel to the
bracket/tooth interface. Each tooth and bracketwi@sed under an optical
stereomicroscope at 10x magnification and giveadiresive remnant index (ARI) score.
The one way ANOVA and Tukey’s post hoc tests weseduio determine significant
differences in bond strengths, and the Kruskal-&aihd Mann-Whitney post hoc tests
were used to analyze the difference in ARI scores.

Results: Statistically significant (p<0.01) differences wdound between the shear bond
strengths of the Victory Series and Clarity Advahgeoups, with the Victory Series
having a mean strength of 199.4 N and the Clardyafhced having an average of 136.0
N. Significant (p<0.0001) differences in ARI scoresre found between the Victory
Series and both ceramic groups, with an average s£¢d. for the Victory Series and an
average score of 2 for both ceramic groups. Thecevamic brackets were not
statistically different from each other in bondesigth or ARI score.

Conclusions: The shear bond strengths of the new generatioceramic brackets are
lower than those of the metal bracket tested, whigfgests a safer bond to enamel.
Further research on clinical debonding charactesisind behavior intra-orally are
needed to support the in vitro results found is gtudy.
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CHAPTER 1
INTRODUCTION

The dental specialty of orthodontics has in regears become more concerned
with esthetics. The evolution of the specialty slagwn a change in esthetic ideals, and
the commonly used materials have also evolvedt(®Briet al., 1990). Patients are not
only concerned with the appearance of their teethsaile, but also with the appearance
of the appliances that will be used. An increasia@number of adults seeking
orthodontic treatment in recent years has ledgarallel increase in demand for more

esthetic appliances (Russell, 2005).

Many options for appliances to be used in orthoddreatment are available to
practitioners. Historical appliances involved bangdevery tooth with a metal bracket
attached to the band. The development of acid rgatmamel and direct bonding by
Buonocore removed the need for banding every t@otti the bonded miniature bracket,
much preferred by patients, appeared in the 1980snocore, 1955; Kusy, 2002).
Patient desire for more esthetic options has drikierdevelopment of more esthetic
materials. The evolution of orthodontic applianbas led to the development of smaller
metal brackets, which offer some esthetic advantag®vell as lingual appliances, clear
aligner trays, and clear brackets made of cerampolymers. Patient surveys conclude
that patients find lingual and clear tray appliao®re attractive than any fixed
appliance, and that ceramic brackets were ranketbas esthetic than metal or self

ligating hybrid brackets (Rosvall et al., 2009).

Orthodontic treatment with clear aligner trays,bsas Invisalign, is a more

visible example of the market’s response to conswlamand with numerous



commercials and magazine advertisements aimedlglisgaconsumers. These trays offer
treatment with clear overlay trays, although tlcajpabilities in achieving complex
movements are limited (Rosvall et al., 2009). Mpatients with more advanced
treatment requirements end up completing theitrireat with conventional fixed
appliances (Russell, 2005). Lingual appliancesaaralternative esthetic option that may
offer more control than the clear trays of Invigaliwith the caveat of more technical
difficulties and a decrease in performance as coetpi® traditional labial appliances
(Russell, 2005). Plastic brackets were introducethé 1970s, but their performance was
limited by their lack of strength and dimensionalslity (Wang at al., 1997; Kusy,

2002; Graber et al., 2005). Their esthetics wese abmpromised by discoloration

(Bishara et al., 1997; Russell, 2005; Chen ekaDy).

The demand for an esthetic appliance with acceptadiformance has made
ceramic brackets one of the most commonly useatsthppliances (Eliades et al.,
1993). Patients like the minimal look of clear ooth colored brackets, and the strength
of the material allows for more control over toatlbvement by the clinician. Ceramic
brackets were introduced in the 1980s and have tjwoagh significant evolution over
the past 30 years (Bishara et al., 1997). Manufardthave made changes to brackets in
response to claims of excessively high bond strerwgiusing difficulties in bracket
removal. Patients also report discomfort duringckearemoval. The higher forces used
to debond ceramic brackets can also cause thenead br shatter, leaving fragments on
the teeth that must be removed with alternativeriepies. The changes that have been
made, specifically eliminating the silane treatmaith a transition to mechanical

retention, significantly decreased the bond stieagtwell as accounts of iatrogenic



enamel damage. Even with these latest developmaotsiems during debonding still
persist, including bracket breakage and portiortsratkets remaining bonded to the
tooth. Another concern with the lower bond stresgghthe possibility for more clinical
bond failures. The goal to reduce bond strength naaye led to problems with

insufficient bond strength for clinical use.

The aim of this study was to determine if the nresent ceramic brackets could
perform similarly to their metal counterparts iference to bond strength. The study
compared the shear debond strength of two of the necently developed ceramic
brackets with a standard metal bracket, as weh@socation of the bond failure. Little
research exists on the Clarity Advanced bracket (BMek, Monrovia, CA) and the
Avex CX bracket (Opal, South Jordan, UT), whileitloéinical use is growing. In vitro
studies may help predict the clinical strengthsaedknesses of these brackets, as well

as evaluate their consistency in debond strengtiparformance.



CHAPTER 2
LITERATURE REVIEW

The introduction of bonded brackets and the reduezd to band anterior teeth,
marked the beginning of esthetic orthodontics @XB60s (Kusy, 2002). In 1955,
Buonocore wrote about treating the surface of ehartle acid to make it more receptive
to adhesion of acrylic drops. The acid treatmerd pexformed with 85% phosphoric
acid for 30 seconds and dramatically increaseddinesion of acrylic filling material by
what we now know is due to an increase in surfaea éBuonocore, 1955). The success
achieved in bonding acrylic to teeth following etehwith phosphoric acid was a
milestone in esthetic dentistry. Brackets becammllble to teeth instead of attached to
bands that fit around the teeth and were hencdemnmalsize, which was the first major

step in creating more esthetic orthodontic appkanc

Orthodontic treatment has for many years been aetliwith stainless steel
appliances that are attached to the teeth andsantaent of wires of variable size and
moduli of elasticity that are then engaged in tr@th-borne appliances. The first
orthodontic material that is documented is a gigdtlire wire. The use of gold continued
throughout the early 30century, until the deficiencies of the materiarevpointed out
in 1931 at the meeting of the American Associatb@rthodontists (Kusy, 2002).
Stainless steel was available in the early 1930&Xperienced a period of development
with the start of World War I. By 1960, stainlessed was accepted as the standard

material in orthodontic appliances, due to its ddde stiffness, the ability to make



appliances smaller and seemingly more estheticitamob friction (Kusy, 2002).
Stainless steel also has better strength and spesgythan gold, while maintaining a
resistance to corrosion (Proffit et al., 2013). dsohiversally fell out of favor when

stainless steel became part of the market (Kus§2R0

A review of orthodontic supply catalogs will illuate the market dominance of
stainless steel in the orthodontic specialty. Manturers still make bands, brackets, and
wires of the material because of its predictabkk r@tiable properties. Most brackets are
either cast or milled from stainless steel, whikhien polished to obtain a smooth
surface that will be less likely to damage wirest tmust slide through the bracket
(Proffit et al., 2013). The bracket base of mostlera stainless steel brackets is welded
to the wings of the bracket and has a mesh pachattizto the base, providing mechanical
undercuts for retention, and some brackets aldodean etched metal surface by lasers
or microetching for additional retention (Graberkt 2005). Some brackets are
manufactured using a process called metal injectiolding, or MIM, which produces a
single piece bracket by combining fine metal p&tavith organic particles and

lubricants that are later removed (Zinelis et2005).

Many studies and clinical application in the moatier the past twenty years with
stainless steel brackets have proven their comsistgure of debond (Kusy, 2002).
Whether using chemical cured or light cured resstainless steel brackets show similar
bond strengths and fracture sites that illustrateteesive failure within the resin when
shear bond strength is tested (Joseph and Ros$89@). Some studies suggest more
precisely that the weakest link in the bond of aahleracket to enamel is at the bracket

adhesive interface, and the predominant pattefailofe when removing stainless steel



brackets leaves a majority of the composite bondiatgrial on the tooth. This is
described with a high Adhesive Remnant Index (AfRbre, which is an ideal pattern of
debond that decreases the risk of enamel damageyduacket removal (Odegaard and
Segner, 1988; Blalock and Powers, 1995; Bishaah ,e1997; Soderquist et al., 2006).
There are multiple scales used for the ARI scagaenlly using four to five categories.
Lower scores indicate more resin was attachededthacket after debonding, while
higher scores indicate more resin left on the todttus, a high score with more resin on
the tooth reflects a low risk of enamel damagerdudebond (Odegaard and Segner,
1988; Blalock and Powers, 1995; Bishara et al. 71$®derquist et al., 2006). One study
suggests that air entrapment within the mesh op#teand the inability of visible light to
cure underneath a metal bracket may be resporisitileis weakness, though others
claim that transillumination through the enamebat for complete polymerization of
the resin under these brackets (Greenlaw et @9;1Bradburn and Pender, 1992; Wang
and Meng, 1992). While excess adhesive requireagthier removal process, it is
generally safer than if the bond between the bitaaké adhesive is stronger than the
adhesive to enamel. Metal brackets also have thentéalge of deformation before the
cohesive failure of the resin, which allows thediet to remain intact during the
debonding procedure (Joseph and Rossouw, 1990yuatks strength during treatment
S0 as to resist distortion while possessing a musdod elasticity that enables deformation
and bending under excess force is one of the pesitiaracteristics of stainless steel,
making it a desirable and frequently used materiarthodontics (Bordeaux et al., 1994;

Kusy, 2002).



The desire for more esthetic brackets helped pihygetlevelopment of the plastic
bracket in the 1970s (Bordeaux et al., 1994; K@892). Plastic brackets are most often
made of an injection-molded polymer called polycasdite, a material that lacks strength
and stability (Wang et al., 1997; Kusy, 2002; Gradteal., 2005). These brackets have
fallen out of popular use due to distortion causgdavater absorption and creep, unstable
slot size, and staining (Britton et al., 1990; Beadx et al., 1994, Blalock and Powers,
1995; Wang et al., 1997; Graber et al., 2005; GHel., 2007). The brackets also require
the use of a plastic primer when using diacryla@ments (Blalock and Powers, 1995).
Attempts to improve the performance of the bracketge been unsuccessful in
overcoming their weaknesses. Polycarbonate brabkets been reinforced with ceramic
and fiberglass fillers to increase the strength @extease the distortion, in addition to
lining the slot with metal to increase rigidity @iara et al., 1999; Russell, 2005). These
changes have improved the technical specificatbbiise brackets, but the problems with
torque movements and resisting distortion remaiaving their clinical performance less
than satisfactory (Russell, 2005). The limited ssaaf bond strength of polycarbonate
brackets demonstrated significantly lower bondrgjtle for polycarbonate versus
ceramic brackets. The location of bond failuredolycarbonate brackets in the study
cited showed a similar debond behavior to metatksts with most of the adhesive

remaining on the enamel (Ozcan et al., 2008).

The limiting physical properties of esthetic polgmanate brackets led to further
development of esthetic appliances and the intdogluof ceramic brackets in the mid-
1980s (Kusy, 2002; Chen et al., 2007). These btacke made from either a single

crystal, also called monocrystalline sapphire,fqgatycrystalline aluminum oxide



(Kusy, 2002; Graber et al., 2005; Russell, 200%rCét al., 2007; Reddy et al., 2013).
Brackets made of polycrystalline zirconia have &sen developed, and they are
reported to have the greatest toughness of ceramitshey do not exhibit the same
translucent characteristic of the alumina cerararcd are used less frequently (Kusy,

2002; Russell, 2005).

The difference between the two types of aluminahets is in the manufacturing
process. Monocrystalline brackets are machined &xa@imgle crystal of aluminum oxide
that has been heated and cooled slowly. Polyctiystdirackets use either injection
molding or a sintering process that blends alumixide particles with a binder,
creating a mixture that is formed into a shape fwnich the bracket is then machined
and heated to remove the imperfections and stréisaeare created by the cutting
process. Injection molding removes the cutting pssdrom manufacturing and therefore
eliminates structural imperfections and the nedaetat the brackets after machining
(Bordeaux et al., 1994; Russell, 2005). Monocryisialceramics are the more translucent
of the two types of alumina brackets, and therefoight be considered more esthetic,
but they are also more susceptible to the propagati cracks from any imperfections or

scratches (Russell, 2005).

Some of the positive features of ceramics inclasleolor stability and resistance
to staining, as well as its strength and resistéamckeformation and slot distortion
(Chaconas et al., 1991; Merrill et al., 1994; Bishet al., 1997; Kukiattrakoon and
Samruajbenjakul, 2010). The nature of the cerasic lends itself to brittleness, which
is due to low fracture toughness and may be coresidée limiting physical property of

the material (Bordeaux et al., 1994; Bishara etl&l97). This property alone makes the



material more prone to fracture during debondirsgwall as fracture of the bracket
and/or wings during treatment (Chaconas et al.11B%hara et al., 1997;
Theodorakopoulou et al., 2004; Russell, 2005). Nooe studies on the debonding
characteristics of ceramic brackets have showmpgmsity for bracket fracture when
applying force to debond the bracket (Chaconak,et391; Eliades et al., 1993; Bishara
et al., 1997; Liu et al., 2005; Kitahara-Céia et 2008). The facture toughness of
alumina ceramic brackets has been reported ab&@BtMPa x i while the fracture
toughness of steel is around 80 to 90 MPa% (i{usy, 1990; Bordeaux et al., 1994).
The difference between the two materials is madk@tia cause for concern when
applying force to remove orthodontic brackets Hratbonded to teeth. Increased friction
is another drawback when using ceramic bracketiegsshow the highest amount of

friction when used with any type of arch wire exicejgkel-titanium (Kusy, 2002).

The low fracture toughness of alumina ceramics sstzes a bulkier design with
a larger profile and wings to resist fracture, arelteristic that is generally considered
unesthetic and undesirable (Kusy, 2002). Withoetadte mass of material, especially
in the mono-crystalline bracket types, the tie-vgilngd a propensity to break while tying
in a wire, or when torque was added to the arck.winother consequence of a larger
profile was the increased incidence of wear angpihg of maxillary teeth opposing

ceramic brackets that were bonded to the lowesarsiand canines (Kusy, 2002).

Alumina ceramics are by nature an inert materaigering them unable to be
chemically bonded to any adhesive resin that id (Beshara et al., 1997,
Theodorakopoulou et al., 2004; Russell, 2005; KitaFCéia et al., 2008). Lack of a

chemical bond caused early ceramic bracket manutastto use a silane-coupling agent
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to mediate a chemical bond between the ceramicesid (Bishara and Trulove, 1990;
Britton et al., 1990; Bishara et al., 1997; Thead#opoulou et al., 2004; Russell, 2005;
Chen et al., 2007; Habibi et al., 2007; Reddy ¢t28113). One end of the silane molecule
bonds strongly to acrylic resins while the othed emds to glass (silica). The inert
aluminum oxide bracket crystals must be coated withyer of glass in order for the
silane to work as a coupler, therefore each braskstcoated with silica glass on the
base to allow this coupling (Bishara & Trulove, 099The strength of the silane bond to
the silica base of the bracket is stronger tharettaamel bond to the resin, which forces
the bond failure into the enamel resin interfackesa desirable clinical outcome,
increasing the risk for failure within the enanskif (Bishara and Trulove, 1990; Habibi

et al., 2007; Kitahara-Céia et al., 2008).

Many of the early reports of silane modified ceraimiackets confirmed a clinical
finding of greater bond strengths than necessatyaarincrease in enamel damage
during bracket removal. Most literature reportshieigbond strengths for chemically
retained brackets than mechanically retained ceranaickets (Bordeaux et al., 1994;
Wang et al., 1997; Kusy, 2002; Russell, 2005; Haddilal., 2007; Ozcan et al., 2008),
though one study by Merrill et al. (1994) reportedsignificant difference between
chemically retained and mechanically retained betcKT he risk of damage to teeth has
even led some researchers to examine the methdebohding brackets, looking toward
lasers, chemical treatments, ultrasonic instrumemd electrothermal treatments to
facilitate the process without damaging teeth (8iatand Trulove, 1990; Chen et al.,
2007). Others theorize that changing the enamainrent with different etching

techniques may help avoid enamel damage (Britt@h €1990).
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The clinical drawbacks discussed above have leddmange in ceramic bracket
design, particularly in the method of retentiondusethe bracket base (Chen et al.,
2007). While some studies report mechanical reter@nd associate weak bonds in the
earliest ceramic brackets (Odegaard & Segner, 19883t studies report that early
ceramic brackets quickly moved to use of the silamgler to produce the chemical
retention described above (Bishara and TruloveQL9Ehe increased iatrogenic damage
necessitated a redesign in retention, with a lat@re to mechanical retention features in
the base of the bracket. One attempt to decreadeotind strength involved the
attachment of a flexible polycarbonate base tdtleket wings, but this decreased the
bond strength too dramatically to be clinically fus€Olsen et al., 1997; Bishara et al.,
1999). The incorporation of a metal insert in tlee of the ceramic brackets was an
attempt to increase the resistance to fracture \apeiying force to remove brackets
(Bishara et al., 1999). One of the advantageseofitbtal insert was a decrease in friction
between the archwire and the bracket (Bishara ,e1@®7; Chen et al., 2007).
Manufacturers then started making grooves and sldtge bases of the brackets to
increase surface area available for mechanicalaalang (Bordeaux et al., 1994). More
recent developments have resulted in base dedighsitlude mechanical ball base,
dimpled, and silane coated buttons (Chen et a7 2Bussell, 2005). The apparent

roughness of these designs is readily visible ¢éonthked eye on the base of the brackets.

Previous studies comparing chemically and mechlyicegained ceramic
brackets found a significant difference in failpagtern between the two retention types.
The chemically retained brackets showed the silayer reinforced the adhesive, which

fractures at a higher level than the enamel, ansl wWere more likely to result in enamel
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failures during debond. The mechanically retainestkets without silane treatment
minimized enamel fracture and increased the amaofuadhesive remaining on the tooth
after debond (Harris et al., 1992; Eliades etl&l93). Recent literature reports that even
mechanically retained ceramic brackets have gréated strengths than metal brackets
(Reddy et al., 2013). In an evaluation of the bstmdngth of ceramic brackets to glazed
aluminous and fluorapatite ceramics, it was fourat bead base ceramic brackets, a
mechanical retention design, showed the highestrsgiwnd strength of the brackets

studied (Kukiattrakoon and Samruajbenjakul, 2010).

In further attempts to improve the debond perforoeanf ceramic brackets, 3M
Unitek (Monrovia, CA) added a vertical slot to these of their polycrystalline alumina
Clarity bracket to encourage a predictable bratdiktre that would eliminate excess
stress during debond (Bishara et al., 1997; Lial.e2005; Chen et al., 2007). The more
recent version of the bracket is the Clarity Adwhovhich no longer has a metal insert
in the bracket slot, but still incorporates thetioat score line in the base for easy
debonding. The manufacturer of the Clarity Advankeatkets, like many others, have
specific instructions detailing the recommendedhoétfor debonding their brackets, and
claim that the specific pliers designed for debagdihange the direction of stress on the
enamel, making it safer for the tooth (Viazis et #090; Theodorakopoulou et al., 2004).
They also warn against bonding the ceramic bradkedsy compromised teeth with
large restorations. The bracket is claimed to usealler grain crystal than the original
Clarity (with metal inserts) when making the injeatmolded brackets, contributing to
increased strength, and allowing for a smaller ketdRetention is achieved via a

microcrystalline mechanical-locking bonding surfadech appears as roughness to the
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naked eye (3M Unitek, 2014). While there are reporipublished literature about the
Clarity brackets with metal inserts, there havenbfesv, if any, publications that tested

the Clarity Advanced brackets.

Another new ceramic bracket that has little puldéhkata is the Avex CX from
Opal Orthodontics (South Jordan, UT). This brackeiso made of polycrystalline
aluminum oxide, and the manufacturer cites a ungyuace treatment or roughening of
the bonding pads along with retention grooves twide mechanical retention and safe
debonds (Opal Orthodontics, 2014). The surfacenreat appears as two elliptical
grooves cut into the base of the bracket oriemteghiocclusal-gingival direction. They
also note an increased shoulder between the wintye dracket, which increases
strength and decreases the chance of fracturegddeinonding (Opal Orthodontics,
2014). They do not have a specific instrument ntadkebond the brackets, a notable

difference from the Clarity Advanced brackets.

The difference in debond technique makes a congraimsbond strength difficult
as the Clarity Advanced brackets are designed tpgsely fail in the middle and the
Avex CX brackets are designed to be removed api@oe without failure. Most study
designs test the shear bond strength with a Ural@essting Machine, thereby making it
the standard method of evaluating the bond stref@jten et al., 2007; Finnema et al.,
2010). Some studies have examined the debond #tremgn using different pliers,
which may provide more insight to their clinicalfeemance (Bishara et al., 1999, Chen

et al., 2007).
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CHAPTER 3
MATERIALSAND METHODS
This study compared the shear debond strengttedfictory series metal
brackets (3M Unitek, Monrovia, CA), Clarity Advartteeramic brackets (3M Unitek,
Monrovia, CA), and Avex CX ceramic brackets (Opalh©@dontics, South Jordan, UT).
Each of the three groups had a sample size oéfifteackets. A photo of the brackets

used is shown in Figure 1 from the labial surface ia Figure 2 from the bracket base.

Figure 1: View of the labial surface of bracketedif this study from left to right: Victory
Series, Clarity Advanced, and Avex CX.

Forty-five extracted human premolars that had lpewriously collected (use in
this study was approved without submission of a& Application for Human Subjects
Research as determined by the Marquette Univdrsstitutional Review Board on 7-12-
2013) and stored in distilled water were randonslyigned to each of the three groups.
The teeth were inspected and showed no signs ai@naegularities or previous

bonding on their facial surfaces.
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Brackets were bonded according to the Opal Orthtickoprotocol, using their
etchant (Opal Etch), bonding agent (Opal Seal),camient (Opal Bond MV). Each tooth
was pumiced for 10 seconds with oil free and flderiree pumice, then rinsed and dried
with oil free air. Teeth were etched with 37% pHusjic acid on their facial surface for
20 seconds, then rinsed for 15 seconds and ad dit& oil free air. The teeth were air
dried, and a chalky appearance of etched enameVevdied. Next, a thin layer of Opal
Seal was painted onto the base of the brackettenetthed surface of the tooth and
thinned with a gentle stream of air. Opal Bond M¥svapplied to the base of each
bracket, which was positioned in the middle of fdxeal surface of the tooth, and all

flash was removed before curing with an LED cutiggt for 10 seconds.

Figure 2: View of bracket base of the brackets udsmd left to right: Victory Series, Clarity
Advanced, and Avex CX. Note the surface textureartcal score line of the Clarity Advanced
and the retention grooves of the Avex CX.
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Bonded teeth were stored for 24 hours in dist¥eder before mounting them in
acrylic blocks. Each tooth was suspended in théecer a PVC cylinder by a wire tied
in the bracket slot, then mounting acrylic was atidecover the greatest convexity of the
tooth, leaving the bracket and facial tooth surfaxgosed. Photos of the setup and a

mounted tooth are seen in Figures 3 and 4, respécti

Figure 3: Bonded tooth suspended in a PVC cylihééore adding acrylic.
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Figure 4: Sample of a freshly mounted sample irR¥I€ cylinder with acrylic covering the
height of contour.

After mounting, teeth were again stored in distieater at 37 degrees Celsius
for 24 hours before debonding. Teeth were debomdida Universal Testing Machine
(Instron Corporation, Canton, MA). Each cylinderswaounted with the bonded surface
parallel to the cutting blade of the machine, whgHepicted in Figure 5. The blade was
positioned to debond in the mesial distal direcabthe tooth-adhesive interface as seen
in Figure 6 with a crosshead speed of 0.1 mm pautai The maximum force before
debond was recorded for each sample and resultiepreted in Figure 7. Teeth and
brackets were then examined under 10x magnificatfter debond and an adhesive

remnant index (ARI) score was recorded for each.
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Figure 5: View of the blade of the Instron machpaealleled to the surface of the tooth at the
bracket to tooth interface.

Figure 6: View of the Instron machine with the ldgmbsitioned to debond in a mesial distal
direction.
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Collected data was analyzed using a one way AN@Vdetermine significance
of shear bond strength values. The Tukey’s postéstovas used to determine which
groups were statistically different from the ANOWeést. The Kruskal-Wallis test was
used to analyze the ARI scores and determine signife. The post hoc analysis used
the Mann-Whitney test to determine which groupsendfferent. A Weibull analysis

was also completed to predict the probability diife of each group.
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CHAPTER 4
RESULTS

Of the 45 brackets that were debonded, there wanamel fracture noted with
the Avex CX bracket. The shear bond strength fierlthacket specimen was not used for
statistical analysis because the bracket itselfstiddonded to the tooth. Two Clarity
Advanced brackets fractured in a manner that vdraed the intended fracture along the
vertical scribe line. All of the other Clarity Adweed brackets either debonded as a
single piece or one half of the bracket debondetbupe vertical scribe line, leaving the
other half of the bracket still attached to thethod he remaining Victory and Avex CX
brackets were debonded intact.

The force values of each bracket were measuredfiarid multiplied by the
acceleration of gravity for a force value in N. Thaximum force recorded for each
sample is depicted in Figure 7. The kgf valuesreperted in Table 1 and the converted
values are reported in Table 2. The average valuhé Victory series was 199.4 N +
77.4 N; the Clarity Advanced was 136.0 N = 33.41¢, Avex CX was 178.7 N £ 32.6 N,
which are shown in Table 3. A one way ANOVA tesswsed to determine if any of
these values were significantly different from @m®ther and returned a test statistic of
F=5.611 and a p value of 0.007. The Tukey’s postthst results are detailed in Table 4

and determined the Victory Series to be signifigadifferent from the Clarity Advanced

group.
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Figure 7: Maximum force level at debo
Table 1:Shear bond stren¢ values (kgf)
Victory Serie! Clarity Advanced Avex CX
Max kgf 22.37 13.58 20.4%
17.73 10.26 14.8¢
8.66 15.53 23.2]
28.72 13.66 15.2¢
12.17 12.37 12.6¢
15.55 11.04 19.9¢
7.62 14.44 18.9¢
27.53 11.93 12.€
10 13.2 21.t
18.52 12.21 Enamel Fractui
27.61 21.03 16.3¢
27.27 21.96 20.3¢
26.5 12.96 19.5]
29.92 13.55 20.91
25.02 10.47 18.6¢
Average 20.35 13.88 18.2¢
St. Dev. 7.94 3.41 3.3z




Table 2: Shear bond strength values converted tatdves (N)

N Victory Clarity Opal
Advanced

1 219.2 133.1 200.1
2 173.8 100.5 145.4
3 84.9 152.2 227.5
4 281.5 133.9 149.8
5 119.3 121.2 124.1
6 152.4 108.2 195.9
7 74.7 141.5 185.7
8 269.8 116.9 123.5
9 98 129.4 210.7
10 181.5 119.7 Enamel fx
11 270.6 206.1 160.6
12 267.2 215.2 199.5
13 259.7 127.0 191.2
14 293.2 132.8 204.9
15 245.2 102.6 182.8
Avg 199.4 136.0 178.7
St. Dev. 779 334 32.6

Table 3: Statistical description of data in Newt@N$
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Group Bond Strength (N)
N | Mean| Std.| Std. | Lower | Upper | Min. | Max. | Range

Dev. | Error | Bound | Bound
Victory 15 199 78 20 156 243 75 293 218
Clarity 15 136 33 8.6 118 155 10 215 114
Advanced
Avex CX 14 178 33 8.7 160 198 12 227 104
Total 44 171 58 8.7 154 189 75 293 218




Table 4: Tukey’'s post hoc summary, *significantlifetent groups
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Mean 95% Confidence Interva
() Group | (J) Group | Difference | Std. Error| Sig. Lower Upper
(1-J) Bound Bound
Victory Clarity 63.37333] 19.27745| *0.006 16.4973| 110.2494
Series Advanced
Avex CX 20.6948 19.61867, 0.547 -27.011 68.4006
Clarity Victory -63.37333| 19.27745| *0.006| -110.2494| -16.4973
Advanced | Series
Avex CX | -42.67853 19.61867 0.088 -90.3843 5.0272
Avex CX | Victory -20.6948| 19.61867| 0.547 -68.4006 27.011
Series
Clarity 42.67853| 19.61867 0.088 -5.0272 90.3843
Advanced

The average ARI score for the Victory series wé@8 * 0; the Clarity Advanced

was 2.07 £ 0.26; the Avex CX was 1.86 + 0.36, gsaded in Table 6. The Kruskal-

Wallis test was used to determine if any groupsevsggnificantly different. A post hoc

analysis was performed using the Mann-Whitney tesd, found the Victory series to be

significantly different from both the Clarity Advaed and the Avex CX with a p value of

<0.0001, summarized in Table 7. The Clarity Advahard the Avex CX were not

significantly different from each other. A Weibalhalysis was completed for the data

sets to determine the probability of failure atreasing force levels. A summary of the

Weibull test is given in Table 8, followed by a ghadepicting the predicted failure

probability in Figure 8.




Table 5: Adhesive Remnant Index (ARI) Scores byigro

ARI Scores*
Group o, 1] 23
Victory 0 15| O 0
Clarity Advanced 0O 0] 14 1
Opal o] 2| 12| ©
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Table 6: Average ARI scores of each group and dheutated p-value from ANOVA analysis

Mean p-value
Group <0.0001
Victory 1.00 £ O
Avex CX 1.86 + 0.36
Clarity Advanced 2.07 +0.26

Table 7: Multiple comparison p-values via the Maihitney test

p-value
Clarity Advanced vs. Avex CX 0.0829
Avex CX vs. Victory <0.0001
Clarity Advanced vs. Victory <0.0001

Table 8: Weibull Modulus and characteristic stréngisults

\=J

Group Weibull | Characteristic Shear Bond Shear Bond
modulus| Strength &; N) | Strength (N) at | Strength (N) at 909
(B) 10% Probability Probability of
of Failure Failure
Victory 2.19 228 82 334
Clarity Advanced 3.99 148 84 182
Opal 5.24 193 126 226
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Probability of Failure (%)
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Figure 8: Weibull probability of failure
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CHAPTERS
DISCUSSION

Ceramic brackets are now the most commonly usthetss bracket, after
previous attempts with polycarbonate materials pdanadequate for clinical use. The
original concern with ceramic brackets was a bdrehgth that exceeded the strength of
the enamel to which they were bonded, creatingkafar damage to teeth during bracket
removal. This problem led to iatrogenic enameltirees during debond (Bordeaux et al.,
1994). Continuing research has led to a chandeeimdtention design of many ceramic
brackets, moving in the direction of mechanicaénéibn rather than chemical. Some
manufacturers still combine mechanical and chemim#lthe chemical treatment with a
silane coupler is usually performed only on parthef bracket.

Manufacturers have also modified the debond teglenand some companies,
such as 3M Unitek and American Orthodontics, hagghed pliers specifically for
ceramic bracket removal. The testing that was pexdd on the brackets in this study
was a shear bond test, the industry standard fodl byength testing, though it does not
mimic the clinical debond technique recommendethieymanufacturer (Finnema et al.,
2010). The 3M Unitek plier advised for use witle tblarity Advanced bracket has two
beaks that reach around the mesial and distalitigsiof the bracket with a vertical piece
of metal that fits between the wings. Upon squegitie plier and thus the bracket in a
mesial-distal direction, the bracket fails in thellme and the two halves of the bracket
peel off the tooth. This unique failure design wased during the shear debond test, as

many of the brackets failed in the middle, leaimg other half of the bracket attached to
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the tooth. While this does not accurately reprodulat happens clinically, it can still
give us an idea of the strength of the bond.

Opal Orthodontics recommends first removing aliesive flash with a high
speed handpiece, then using a Weingart plier tygsgueeze the Avex CX bracket in a
mesial distal direction, while rocking gently urttie bracket releases. It was noted all of
the brackets that were debonded in the Avex CXgreere debonded intact, without
fracture. The unique retention grooves that wetarcthe base of the bracket were often
filled with adhesive resin, while the adhesive twas sandwiched between the tooth and
the flat surfaces of the base often remained onoibid.

There is a notably large standard deviation withaVictory Series group, which
has not been reported in other studies. The laagation in bond strength could be the
result of inconsistent blade placement prior toaheb The blade was placed at the
bracket tooth interface, and because the metaketabave a much thinner base than the
ceramic brackets, it is conceivable that bladegteent may not have been as consistent
with the metal brackets. If the blade deviated ftbis interface, it may have caused the
base to deform more easily. Another possible dmuting factor to this variability is a
difference in bonding protocol. The protocol folleavfor this study involved coating the
base of the bracket with primer before adding tteeaive resin. This is not the standard
protocol used with metal brackets, which are uguadnded after applying the adhesive
resin directly to the bracket pad. It is also démest that the metal brackets all had an
adhesive remnant index (ARI) score of 1, which nsehat a majority of the adhesive
remained on the bracket. This is different thantvighaiewed clinically, when the entire

imprint of the base of the bracket can often b& se¢he adhesive resin that remains on
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the tooth. This score would also suggest that thekest part of the bond was between
the adhesive resin and the tooth. Previous stulgehsding the Victory series and

original Clarity bracket in a shear bond test shdbwaeerage ARI scores of 3, which is
different than the findings of the current studgsgibly due to differences in etching
time, adhesive, or crosshead speed used duringhdéBoderquist et al., 2006). The
slow crosshead speed used in this study may nioidozative of the faster loads applied
clinically, which is a consideration for furthersearch (Viazis et al., 1990). Both ceramic
brackets had average ARI scores closer to 2, whithe them statistically different from
the Victory Series metal bracket. A score of 2 atsans that more of the adhesive resin
was left on the tooth than the bracket, suggestiagveakest point of the bond was
between the bracket and the adhesive. Previousicakiyrbonded ceramic brackets had
a very strong bond between the adhesive resinrendracket, forcing the failure to
occur at the tooth surface (Viazis et al., 1990jsTesting shows that mechanically
retained brackets significantly decrease the risknamel damage by creating a weaker
bond between the adhesive and the bracket.

The study reports the shear bond strength in Nesyt@ unit of force. Most
studies report the shear bond strength in MPa,wtaikes into account the surface area
of the base of the bracket (Finnema et al., 2B@&yause of the unknown value of the
surface area and the inability of the cliniciarch@ange this parameter of the bracket, the
force alone, which is the concern of the cliniciaas been reported. Another concern
was the micromechanical nature of the base of thekkt, and the ability to accurately
calculate the surface area of the base of eaclkdirased. A rough calculation of the

average forces recorded for each sample using étrades reported in other studies
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resulted in MPa values ranging from 13.6 MPa t® MPa . These estimates show the
shear bond strength of all brackets in this studgtthe minimum values of clinical
acceptability, previously determined to be 6-8 MiWhen estimating the bracket base to
be 10 mm (Habibi et al., 2007). The average shear bonagtheof both ceramic groups
is less than that of the Victory series stainlésslggroup used as a control, which
suggests that mechanically retained ceramic bradethot have an unacceptably high
shear bond strength.

Another indication of safer ceramic brackets sslthwer average shear bond
strength calculated for both types of ceramic beackhe Avex CX bracket had a lower
bond strength than the Victory Series metal braaketa higher bond strength than the
Clarity Advanced. The smaller difference in bon@isgth between the Avex CX bracket
and the Victory Series was statistically insigrafit. While the difference between the
Avex CX bracket and the Victory Series metal brackaot statistically significant, the
average bond strength of the Avex CX is lower tthet of the Victory Series. While the
average bond strength of the ceramic brackets ovasr lthan metal, one enamel fracture
was still noted in the Avex CX ceramic bracket grotihe force had reached a level of
164 N before the enamel fractured. This force levér less than the maximum values
recorded for each group, which indicates that dlo¢ht may have had a pre-existing flaw
in the enamel that was not detected at the tin®ntling. Due to the variability of
possible causes of failure, this sample was ndudsa in the calculations.

The Weibull analysis was performed to evaluater¢fiability of each group.
Higher Weibull modulus values are more favorabie] the results showed the Opal

Avex CX group performed better than the others. Rigber values of the Opal group
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can be seen in the graph presented in the resuali®is. Mean values provide an
overview of bracket performance, but clinicians ra#so be interested in the percentage
of brackets that have a lower bond strength out$idenean, as these would be more
likely to exhibit bond failures. Opal also perforthieetter with a lower percentage of
brackets exhibiting a low bond strength, withowpdiying an excessively high bond

strength, which would also be undesirable.
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CHAPTER 6
CONCLUSION

This study demonstrated the shear debond chasditteiof newer generations of
ceramic brackets have improved in safety compargudviously chemically bonded
brackets. Not only has the shear debond force deedeto a level less than a commonly
used metal bracket, but a cohesive bond failurecgasistently demonstrated with more
resin remaining on the tooth, suggesting the wepé&ant of the bond was located
between the bracket and the adhesive resin. Tily shay increase the confidence of the
clinician in using mechanically retained ceramiadieets, but the direct correlation is
limited by the unique methods of debond employethieyclinician and recommended by
the manufacturer. Further research on the clidebnd characteristics is needed to
support the in vitro findings of this study. Itagident that limitations of the material
toughness and the unique design of the bracketgptagnificant role in the debond

process.



32

REFERENCES

3M Unitek Company Website.
http://solutions.3m.com/wps/portal/3M/en_US/orthotics/Unitek/products/cera
mic/Clarity-advanced/. Accessed March, 2014.

Bishara, S. E., Olsen, M. E., & Von Wald, L. (199#yaluation of debonding
characteristics of a new collapsible ceramic bracka J Orthod Dentofacial
Orthop, 112(5), 552-559.

Bishara, S. E., Olsen, M. E., VonWald, L., & Jakas]. R. (1999). Comparison of the
debonding characteristics of two innovative cerabmacket designgdmJ
Orthod Dentofacial Orthop, 116(1), 86-92.

Bishara, S. E., & Trulove, T. S. (1990a). Comparssof different debonding techniques
for ceramic brackets: an in vitro study. Part IcBground and methoddm J
Orthod Dentofacial Orthop, 98(2), 145-153.

Bishara, S. E., & Trulove, T. S. (1990b). Comparsof different debonding techniques
for ceramic brackets: an in vitro study. Part ihdings and clinical implications.
Am J Orthod Dentofacial Orthop, 98(3), 263-273.

Blalock, K. A., & Powers, J. M. (1995). Retenticapacity of the bracket bases of new
esthetic orthodontic bracke#sm J Orthod Dentofacial Orthop, 107(6), 596-603.

Bordeaux, J. M., Moore, R. N., & Bagby, M. D. (199@omparative evaluation of
ceramic bracket base desigAm J Orthod Dentofacial Orthop, 105(6), 552-560.

Bradburn, G., & Pender, N. (1992). An in vitro sguaf the bond strength of two light-
cured composites used in the direct bonding ofoaltintic brackets to molardm
J Orthod Dentofacial Orthop, 102(5), 418-426.

Britton, J. C., Mclnnes, P., Weinberg, R., Ledodk,R., & Retief, D. H. (1990). Shear
bond strength of ceramic orthodontic brackets tnesi.Am J Orthod
Dentofacial Orthop, 98(4), 348-353.

Buonocore, M. G. (1955). A simple method of incnregshe adhesion of acrylic filling
materials to enamel surfacdDent Res, 34(6), 849-853.

Chaconas, S. J., Caputo, A. A., & Niu, G. S. (198bnd strength of ceramic brackets
with various bonding systemangle Orthod, 61(1), 35-42.

Chen, H. Y., Su, M. Z., Chang, H. F., Chen, YLan, W. H., & Lin, C. P. (2007).
Effects of different debonding techniques on thieaieling forces and failure
modes of ceramic brackets in simulated clinicaluget. Am J Orthod Dentofacial
Orthop, 132(5), 680-686.



33

Eliades, T., Viazis, A. D., & Lekka, M. (1993). lkaie mode analysis of ceramic brackets
bonded to enamehm J Orthod Dentofacial Orthop, 104(1), 21-26.

Finnema, K. J., Ozcan, M., Post, W. J., Ren, YDif&stra, P. U. (2010). In-vitro
orthodontic bond strength testing: a systematieere\and meta-analysigmJ
Orthod Dentofacial Orthop, 137(5), 615-622 e613.

Graber, T. M., Vanarsdall, R. L., & Vig, K. W. [2Q05).Orthodontics : current
principles & techniques (4th ed.). St. Louis: Elsevier Mosby.

Greenlaw, R., Way, D. C., & Galil, K. A. (1989). Amvitro evaluation of a visible light-
cured resin as an alternative to conventional resimding system#m J Orthod
Dentofacial Orthop, 96(3), 214-220.

Habibi, M., Nik, T. H., & Hooshmand, T. (2007). Cparison of debonding
characteristics of metal and ceramic orthodontackets to enamel: an in-vitro
study.Am J Orthod Dentofacial Orthop, 132(5), 675-679.

Harris, A. M., Joseph, V. P., & Rossouw, P. E. @9%hear peel bond strengths of
esthetic orthodontic bracke#sm J Orthod Dentofacial Orthop, 102(3), 215-219.

Joseph, V. P., & Rossouw, E. (1990). The shear stnredgths of stainless steel and
ceramic brackets used with chemically and lightvatéd composite resindm J
Orthod Dentofacial Orthop, 97(2), 121-125.

Kitahara-Ceia, F. M., Mucha, J. N., & Marques dast8s, P. A. (2008). Assessment of
enamel damage after removal of ceramic brackets] Orthod Dentofacial
Orthop, 134(4), 548-555.

Kukiattrakoon, B., & Samruajbenjakul, B. (2010).e8hbond strength of ceramic
brackets with various base designs bonded to alwmsiand fluorapatite
ceramicsEur J Orthod, 32(1), 87-93.

Kusy, R. P. (2002). Orthodontic biomaterials: fridm past to the preseringle Orthod,
72(6), 501-512.

Liu, J. K., Chung, C. H., Chang, C. Y., & Shieh,H.(2005). Bond strength and
debonding characteristics of a new ceramic braéiat] Orthod Dentofacial
Orthop, 128(6), 761-765; quiz 802.

Merrill, S. W., Oesterle, L. J., & Hermesch, C.(B994). Ceramic bracket bonding: a
comparison of shear, tensile, and torsional borehgths of ceramic bracke#sm
J Orthod Dentofacial Orthop, 106(3), 290-297.



34

Odegaard, J., & Segner, D. (1988). Shear bondgitreaf metal brackets compared with
a new ceramic brackeim J Orthod Dentofacial Orthop, 94(3), 201-206.

Olsen, M. E., Bishara, S. E., & Jakobsen, J. ROTL9%Evaluation of the shear bond
strength of different ceramic bracket base designgle Orthod, 67(3), 179-182.

Opal Orthodontics Website. http://www.opalorthodosicom/esthetic/avexcx.php.
Accessed March, 2014.

Ozcan, M., Finnema, K., & Ybema, A. (2008). Evaioatof failure characteristics and
bond strength after ceramic and polycarbonate letatddonding: effect of
bracket base silanizatioBur J Orthod, 30(2), 176-182.

Proffit, W. R., Fields, H. W., & Sarver, D. M. (281 Contemporary orthodontics (5th
ed.). St. Louis, Mo.: Elsevier/Mosby.

Reddy, Y. G., Sharma, R., Singh, A., Agrawal, Vgréwal, V., & Chaturvedi, S. (2013).
The shear bond strengths of metal and ceramic étsichn in-vitro comparative
study.J Clin Diagn Res, 7(7), 1495-1497.

Reicheneder, C. A., Gedrange, T., Lange, A., Bayrier & Proff, P. (2009). Shear and
tensile bond strength comparison of various conteany orthodontic adhesive
systems: an in-vitro studyAm J Orthod Dentofacial Orthop, 135(4), 422 e421-
426; discussion 422-423.

Rosvall, M. D., Fields, H. W., Ziuchkovski, J., Rostiel, S. F., & Johnston, W. M.
(2009). Attractiveness, acceptability, and valuemhodontic appliance&m J
Orthod Dentofacial Orthop, 135(3), 276 e€271-212; discussion 276-277.

Russell, J. S. (2005). Aesthetic orthodontic bréekeOrthod, 32(2), 146-163.

Soderquist, S. A., Drummond, J. L., & Evans, C(Z006). Bond strength evaluation of
ceramic and stainless steel bracket bases subjectsdlic tensile loadingAm J
Orthod Dentofacial Orthop, 129(2), 175 el177-175 el12.

Stumpf Ade, S., Bergmann, C., Prietsch, J. R., &¥iei, J. (2013). Shear bond strength
of metallic and ceramic brackets using color chaadjeesivesDental Press J
Orthod, 18(2), 76-80.

Theodorakopoulou, L. P., Sadowsky, P. L., Jacob&gr& Lacefield, W., Jr. (2004).
Evaluation of the debonding characteristics of iacgc brackets: an in vitro
study.Am J Orthod Dentofacial Orthop, 125(3), 329-336.

Viazis, A. D., Cavanaugh, G., & Bevis, R. R. (199nd strength of ceramic brackets
under shear stress: an in vitro repérh J Orthod Dentofacial Orthop, 98(3),
214-221.



35

Wang, W. N., & Meng, C. L. (1992). A study of bositength between light- and self-
cured orthodontic residm J Orthod Dentofacial Orthop, 101(4), 350-354.

Wang, W. N., Meng, C. L., & Tarng, T. H. (1997).mbstrength: a comparison between
chemical coated and mechanical interlock basesraiic and metal brackets.
Am J Orthod Dentofacial Orthop, 111(4), 374-381.

Zinelis, S., Annousaki, O., Makou, M., & Eliades,(Z005). Metallurgical
characterization of orthodontic brackets producgedketal Injection Molding
(MIM). Angle Orthod, 75(6), 1024-1031.



	Marquette University
	e-Publications@Marquette
	An Investigation into the Bonding Properties of New Generation Ceramic Brackets As Compared to a Stainless Steel Bracket
	Ami Inoue
	Recommended Citation


	Microsoft Word - 299328_supp_FCEEC448-06BB-11E4-88F0-C37EEF8616FA.docx

