NOTE TO USERS

Page(s) not included in the original manuscript
are unavailable from the author or university. The
manuscript was microfilmed as received.

This reproduction is the best copy available

UMI

TWNTY-POUR HOUR AND SIX MONTH EVALUATION OF PORCELAIN

SURFACE PREPARAT'ION AND ORTHODONTIC BOND STRENGTH

BY

TODD J. JAROTSKI

A Thesis

Submitted to the Faculty of Graduate Studies
in Partial Fulfilment of the Requirements

for the Degree of

MASTER OF SCIENCE

Section of Orthodonties
Faculty of Dentistry
University of Manitoba
Winnipeg, Manitoba

Marcb, 2OOO

1+1

National Library
of =amda

Bibliothèque nationale
du Canada

Acquisitions and
Bibliographie Services

Acquisitions et
services bibliographiques

395 Wellington Street
Ottawa O N K I A ON4

395. rue Woiiingtori
-ON
K l A W
canada

canada

The author has granted a nonexclusive licence allowing the
National Library of Canada to
reproduce, loan, distribute or seli
copies of this thesis in microform,
paper or electronic formats.

L'auteur a accordé une licence non
exclusive permettant a la
Bibliothèque nationale du Canada de
reproduire, prêter, disûiiuer ou
vendre des copies de cette thèse sous
la forme de microfiche/fiim, de
reproduction sur papier ou sur format
électronique.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor s u b s t d a i extracts fiom it
may be printed or otherwise
reproduced without the author's
permission.

L'auteur conserve la propriété du
droit d'auteur qui protège cette thèse.
Ni la thèse ni des extraits substantiels
de celle-ci ne doivent être imprimés
ou autrement reproduits sans son
autorisation.

THE UNWEIUITY OF MANITOBA
FACULTY OF GRADUATE STUDIES
**te*

COPYRIGHT PERMESSION PAGE

Twenty-Four Hour and S u Month Evdaation of PorceMn Sauface Prcpantion and
Orthodontie Bond Strengtb

Todd J. Jarotski

A ThesidPracticum submitted to the Faculty of Gnduate Studics of The University

of Manitoba in partial fiiitillmtnt of the requiremenk of the dcgree

of
Master of Science

TODD J. JAROTSKI 02000

Permission has been gnnted to the Libnry of The University of Manitoba to lend or seU
copies of this thesis/practicum, to the National Libnry of Canada to micronIm t h i s thesis m d
to lend or seii copies of the füm, and to Dissertations Abetrricts Intern8tion.l to publish an
abstract of tbis thesis/pncticam.
The author reserves otber publicrtion rights, and neithtr this thesidpndcam nor extensive
extracts from it may bt priated or otherwise repmducd without the author's written
permission,

ABSTRACT

Bonding orthodontic attachments to porcelain can be challenging. The purpose of
this study was to investigate the 24 hour and 6 mont. shear bond strengths of
.

orthodontic buttons bonded to porcelain using six different surface
preparations:(l) Pumice polish for 5 seconds and 37% phosphoric acid etch with
or (2) without the use of a silane primer, (3) microabrasion with 90p aluminum
oside for 5 seconds with or (4) without the use of a silane primer and ( 5 )
hydrofluoric acid etch for 120 seconds with or ( 6 ) without the use of a silane
primer.

For each of the six experirnental surface treatment groups, two orthodontic
buttons were bonded to each of ten flat porcelain surfaces. The bonded test

assemblies were shear tested to failure after 24 hour and 6 month storage at 37 OC
and 100% R.H.. The shear bond strengths were calculated and analysed using the
single ANOVA and Tukey 's multiple cornparison test. When compared to 24 hour
results, the samples treated with microabrasion and silane, hydrofluoric etch and
silane and hydrofluoric etch alone underwent no significant reduction in mean

bond strength (p0.05). The samples treated with microabrasion and silane,
microabrasion alone and pumice polish alone underwent significant reductions in

mean bond strength @<0.05), with tiramatic reductions being seen in the
microabrasion alone and pumice polish alone test groups . Samples treated with
microabrasion and silane and hydrofluoric acid etch and silane expenenced
unacceptably high incidences of porcelain fiachire. Caution is advised when

extrapolating the in viho results to the dinical situation.
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INTRODUCTION

Contemporary orthodontic practices are treating an increasing number of patients
with porcelain restorations such as porcelain fised to metal crowns. Maintaining
banded and bonded orthodontic appliances to teeth with porcelain restorations can

be problematic. Posterior teeth can be fitted with conventional cemented metal
bands but patients usually prefer a less unsightly appliance on their anterior teeth.

Bonding an orthodontic bracket to restored anterior teeth is a more attractive
alternative. Achieving adequate irnmediate and long term bond strengths of
orthodontic attachments to these restorations is a clinical concern. EquaIly
important is subsequent irreparable damage to the porcelain upon removal of these
attachments (Kao and lohnston, 1991; Nebbe and Stein, 1996).

Attempts to bond directly to porcelain are challenging because porcelain does not

respond to routine etching using 37% phosphonc acid. A direct bonding system
that would allow the development of an adequate bond strength to porcelain for
the duration of orthodontic treatmetit, without creating a situation where

unacceptable damage is likely to occur upon removal of the orthodontic appliance
would be ideal.(Major, Koehler and Manning, 1995; Zachrisson, Zachrisson and
Buyulqilmaz, 1996)

2. REVIEW O F THE LITERATURE

2.0 Orthodontic Bonding

2.0.1 Orthodontic bond strength

The bond strengths of orthodontic attachments to any bonding surface must be
adequate to withstand orthodontic forces. The forces placed on attachments are

derived fiom functional stresses and operator directed forces. The orthodontist is
also concerned with the bond strength of the attachments because at the
cornpletion of treatment, the attachments will have to be intentionally removed.
An excessive bond strength could do unwanted damage to the porcelain

restoration. An acceptable range of bond strengths should be high enough so that
inadvertent debonding of brackets would be minimized, while debonding of the

bracket by the clinician would be simple, clean and not h m the bonded

restoration.

The evaluation of the bond strength of a bonding system begins with an in vitro
evaluation. Laboratory studies can be designed to indicate the risk of clinical
bracket failure by quantitating the bond strength of the system. Although it has

been attempted, it is very difficult to determine the orthodontic bond in vivo
situation (Voss, Hickel and Molkner, 1993). In v i ~ testing
o
allows for the use of
more sensitive equiprnent to measure bond strength. In the literature, bond
strength is reported in the unit of megapascals (1Pa= lN/m2, 1MPa=lN/mm?. It is
also important to note the area of the bracket base that is bonded to the tooth

surface as it will also determine the ultimate load at which debonding will occur.

The classic clinical simulation mode1 for bond strength testing in orthodontics

involves bonding an orthodontic attachent to an extracted tooth (Powea, HwaBong and Turner, 1997). The attachent is then debonded using a universal
testing machine. The force required (N) to debond the attachment can be divided
by the surface area of the attachment's bonding surface (mm2)to give a bond

strength value (N/mm2 or MPA). In the clinical situation, a bracket will debond
under a combination of shear, peel, temile and torsional forces. In a laboratory
study, it is important that the investigator reports the method of debonding as they
differ significantly. The different methods of laboratory debond produce four
different basic types of bond strength studies:

a. Shear Bond Strength

The debonding force is applied directly and perpendicular to the junction of the

bracket and composite. This method cornes closest to applying a true shear force,
which may never occur clinically. The debond force is usually to the bracket
which acts as an intennediary to deliver the force to the adhesive interfaces.

Because of the unavoidable inherent bending moment,this method does not apply
a pure shear load tc a bracket (Katona, 1994).

b. Shear-Peel Bond Strength

The debonding force is applied at some distance fiom and perpendicular to the
adhesive-attachent junction. This technique will result in shear stress and some
component of "peel" force being applied to the adhesive interfaces. The amount

of shear and the amount of peel will depend on the distance the force applied is
fiom the adhesive-attachment interfaces. It is dificult to determine how much

shear and how much peel is being applied to the adhesive interfaces. Many
studies reporting to determine shear bond strength are in fact testing shear-peel
bond strength (Katona, 1994; Katona, 1997).

c. Tensile Strength
The debonding force is applied perpendicularly to the enamel surface, 'bpulling"
the bracket away nom the adhesive interfaces. This technique, which is reported

to record tensile strength, in fact detemines '?ensile-peel" strength (which is

considered by some to be equivalent to "shear-peel" strength) (Katona, 1997).

d. Torsional Strength
The debonding force is applied in a torquing manner and the bracket is
'misted" off (Katona, 1997).

There are many criticisms of bond strength testing in dentistry and orthodonties in

particular (Van Noort et al, 1989; Solderholm, 1991;Fox, McCabe and Buckley,
1994). Many cnticisms centre around the fact that none of the testing methods, by

themselves, accurately reflect a clinical debond of an orthodontic bracket. The
different forces applied in the different debonding methods place different stresses

on the bracket/adhesive/enarnel interface (Katona, 1997).

When undertaking a laboratory study, it is important to control as many variables

as possible. However, many variables exist that need to be controlled, such as:
type of tooth, fluoride content, storage medium for teeth, elapsed time after
bonding, type of loading, crosshead speed, type of bracket, type of bracket base
and bonding area of the bracket. No specifications currently exist to standardize

testing protocols for orthodontic bond strength measurements. It is therefore

difficult to compare the results fiom one study to another because of the lack of
standardized testing conditions. Nevertheless, a laboratory study gives us an
indication of how well an orthodontic bonding system might perfonn clinically.

2.0.2 Minimum recommended bond strength

A "bond strength" is only clinically rneaningfûl when we can relate it to what an

acceptable bond strength is for an orthodontic bracket. A minimum tensile bond
strength of 5.9 to 7.9MPa has been stated to be adequate to resist treatment forces
(Reynolds, 1979; Powers, Hwa-Bong and Turner, 1997). The value of 6-8 MPA
has been stated as an adequate bond strength in many orthodontic bond strength
studies (Reynolds, 1975; Whitlock et al, 1994). The original paper fiom which

this value was derived does not state any scientific method for calculating this
value (Reynolds, 1975). However, the bond strength value of 6-8MPa remains a
commonly quoted value for minimal orthodontic bond strength. It must be noted
that while this value can be applied to sheadpeel and tensile values, it cannot be
applied to torsion because the units for torsion are N-m and become Nlm when
divided by the bracket base area (Katona, 1997).

The maximum orthodontic force seldom if ever exceec -44.8Nshear force

(Greeff, 1996). This can be significant if the force is applied over a small area (eg.
rectangular wire in slot resulting in a high MPA value). Maximum bite forces Vary
fkom 244N to 1200N in the molar region to about 40% of maximum biting force
in the anterior region (Mohl et al, 1988). The average force transmitted to a
bracket dunng mastication has been reported to be between 40 and 120 N
(Powers, Hwa-Bong and Turner, 1997). If the suggested minimum bond strength
value is 6-8MPa (= 6N/mm2), then a 1 6 m 2bracket should withstand a force of
96N to 128N (6 to 8 N/mm2X 16mm2). However, if a smaller bracket is used,

for example 10mm2,it will withstand a debond force of 60 to 80N. Therefore, if
we use smaller brackets we can theoretically expect more inadvertent debonds.

The size of the bracket base is as important as the calculated bond strength of the
adhesive system. However, in orthodontics, stronger bond strength does not
necessarily mean better clinical performance (Kusy, L 994).

2.0.3 Maximum recommended bond strength

Although a reasonably high bond strength of an orthodontic attachent is
desirable, there is a point at which a bond strength can be too great. As the bond
strength of an enamel-adhesive interface increases, the potential for damage to the
tooth surface also increases (Kusy, 1994). Enamel is weakest under tensile forces,

failing at forces as low as lOMPa to 14.8MPa (Phillips, 1982). Experbnentally,
enamel fractures can occur with orthodontic bond strengths as low as l3.8MPa
(Retief, 1974) . Porcelain is also weakest under tensile forces(Craig, 1989).
Porcelain fiactures can occur with bond strengths as low as lOMPa to 12.4MPa
(Major, Koeler and Manning 1995, Zachrisson, Zachrisson and Buyukyilmaz,

1996). Significant '%exout" cm occur if the bonded porcelain surface is
subjected to force levels exceeding its tolerance and this factor tends limit how
high a maximum bond strength should be.

Bond failure location is also important. The incidence of bonding surface darnage
can be limited if the system c m be controlled so that bond failure occlws at the
bracket / adhesive interface. This location of failure results in a trade off in that

this type of debond will result in more adhesive remaining on the bonding surface
and more clean-up will be necessary (Powers, Hwa-Bong, Turner, 1997).

2.1 Conventional Enamel Bonding

Bonding of orthodontic attachments, rather than cementing bands, has been used
since the development of acid etching of enamel and the placement of sealants in
the 1960's (Buonocore, 1963). Bonding of an attachment to a tooth relies on

micro-mechanical interlocking of an adhesive to undercuts in the bonding base of
the attachment and to irregularities in the enarnel surface. Successful bonding to

enamel thus relies on adequate tooth surface preparation, proper attachment base
design and an adequate bonding matenal (Proffit, 1993).

Preparation of the enamel surface involves removing any contaminants and then
creating irregularities within the enamel. This process is accomplished by
cleaning the enarnel followed by acid etching, which usually involves the
application of unbuffered phosphoric acid etchant. The application of phosphoric
acid removes a small amount of softer interprismatic enamel between the enarnel
prisms, thus creating minute irregulatities in the enarnel surface. When the
bonding agent is applied, penetrating tags of adhesive mechanically interlock with
the enamel (Proffit, 1993).

The bonding base of an orthodontie attachment must also have a surface that is
capable of rnechanically interlocking or chemically bonding with the bonding
adhesive. Manufacturers achieve the mechanical interlocking with the use of a

fine wire mesh welded to the base of stainless steel brackets or mechanical
undercuts for cerarnic brackets and chernical adhesion to ceramic brackets by
using a silane coupling agent (Proffit,1993).

The bonding material itself must be capable of flowing into the created undercuts
in the base, must be dhensionally stable, must be strong and must be easy to

handle (Proffit, 1993). Manufacturets continually develop new products with
better properties than previous generations of adhesives. Today, the most

commonly used bonding agents are the light-cured and chemically-cured
composite resins, which are essentially Bis-GMA or urethane dimethacrylate
resins containing a high percentage of g l a s filler particles (Powers, Hwa-Bong,
Turner, 1997).

2.2 Bonding to Dental Porcelain

2.2.1 Composition and physical properties of dental porcelain

In general, ceramics can be classified as feldspathic ceramics or aluminous

ceramics. Feldspathic ceramics are composed primarily of feldspar, silica and
kaolin (clay). Feldspar is crystalline in structure and is capable of retainhg its
form upon heating, which is an important property when creating dental
restorations. Another important ingredient in dental porcelains is silica (SiOz)
which can exist as quartz or an amorphous g l a s called fused silica. Pure quartz is
used in dental porcelain. Kaolin is added to porcelain for its opaqueness and to aid

in workability of porcelain. Glass modifiers are added to porcelain in order to alter
their melting points and opacity. Dental porcelains are thus classified as either
hi&, medium or low k i n g . The porcelains used for porcelain fbsed to metal
crowns are most often of the medium to low fushg variety (Craig, 1989).

Pomelain restorations are created by firing the formed porcelain buildup,
controlling for temperature and tirne of f h g . During its initial construction,
porcelain is fired under vacuum to create form and is air fired to create an extemal

glaze. Porcelain is preâried to remove excess moisture. Upon firing under
vacuum the porcelain is cornpress to remove any entrapped au. The temperature is
then raised and the process of sintering occurs. During sintering, the individual
porcelain particles fuse together to form a continuous m a s . Glazing of the
porcelain is then done in the final firing in order to form an extemal surface of

elass. The porcelain restoration is then slowly cooled in order to prevent surface

C-

crazing or cracking (Craig, 1989).

The strength of the final restoration is influenced by both the degree of

condensation during shaping of the restoration and by the firing procedure used to
fuse the porcelain mass. The compressive strength of porcelain is approximately
1 10 MN/m2 (1 IOMPa) while the tensile strength is much lower at 34 MWm2

(3 4 MPa ) (Craig, 1989). However, several factors within the porcelain structure

itself can influence its ultimate failure strength. Water is ofien inadvertently
incorporated into the final porcelain restoration. The hydrogen, or specifically the
hydronium ion can replace sodium or other metal ions of the glass modifiers. This
process is responsible for the growth of rnicroscopic cracks of porcelains stored in
moisture. The growth of these minute cracks is oflen responsible for ultimate

failure of a porcelain restoration (Craig, 1989; Hondnim, 1992).

Defects found on the porcelain surface lower its strength. These surface defects
often result in rnicroscopic cracks whose tips are only 1 0 0 wide
~
(Hondnim,
1992). The rnicroscopic cracks progress through the porcelain as the failure
strength of the porcelain is reached and atomic bonds break. When the crack
progresses completely through the porcelain it fractures. This phenornenon

explains how many brittle matenals, including ceramics, can fail far below their
expected strength (Craig, 1989). Ceramics have no mechanism for yielding to
stress and cracks can propagate at relatively low stress levels. Ceramics thus have
much lower tensile strengths compared to compressive strengths (Craig, 1989).
Tende stresses are generally only created by bending forces, with maximal tensile

stress being generated on the outer surface of the porcelain. For this reason, it is
important to remove surface flaws duMg the construction of porcelain

restorations. One way to remove these surface flaws is through glazing or
polishing the porcelain. In addition to adding strength, g l u e s ofien have stains
added to them in order to characterize restorations (Craig, 1989, Al- Wahadni and

Martin 1998).

The porcelain surface itself has been developed to resist mechanical and chemical
breakdown. For this reason, bonding to a porcelain surface c m be challenging.
Conventional methods of orthodontic bonding to enamel are largely unsuccessfùl
when employed in an attempt to bond an orthodontic attachment to porcelain

(Nebbe and Stein, 1996; Zachrisson, Zachrisson and BtiyiUrVilmaz, 1996).
Porcelain does not respond to the application of 37% phosphoric acid used to
obtain micromechanical retention when bonding to enamel. Mechanical retention
has there fore been obtained by mechanical roughening with sandpaper disks,

sandblasting / microabrasion or use of a diarnond bur (Zachrisson, Zachrisson and
Büyükyilmaz 1996; Cochran et al 1997) or by chemical etching using various
concentrations, 2.5% to 52%, of hydrofluoric acid (Stangel, Nathanson and Hsu,
1987).

The use of silane agents have also been reported to enhance bond strengths to

porcelain. Silane application to a porcelain surface results in an enhanced bond to

composite by altered surface energy and improved chernical wetting of the
porcelain surface. Betîer penetration of the bonding resin into the microporosity
of the porcelain then results in an enhanced bond (Major, Koeler and Manning,
1995).

2.2.2 Mechanical roughening

Mechanical roughening, through the use of a diamond bur, abrasive disc or air
abrasion, can be used to create micromechanical retention in the porcelain surface.
Roughening the porcelain surface removes the glaze layer on the porcelain,
resulting in a reduction in the strength of the ceramic restoration (Al-Wahadni and
Martin, 1998). Removing the glaze layer may also create a rougher porcelain

surface that increases plaque retention (Clayton and Green, 1970). The roughened
surface can usually be restored to an adequate smoothness with fuie grade
polishing Stones and discs followed by final polish with a diarnond paste (AIWahadni and Martin, 1998). However, if the glazing process has been used to
custom stain the ceramic surface, removal of the glaze through mechanical means
c m result in an unesthetic and du11 restoration (Al-Wahadni and Martin, 1998).

2.2.3 Hydrofluoric Acid Etch

The use of hydrofluoric acid to etch porcelain was k t proposed by Perelmuter
and Montagnon in 198 1 (Jardel et al, 1999). Application of hydrofluoric acid gel

results in dissolution of one of the phases of porcelain. Higher concentrations
(52%) appear to have an affinity for the glassy phase while lower concentrations
( ~ 2 0 % )seem to dissolve the crystalline phase preferentially. (Stangel, Nathanson

and Hsu 1987). Scanning electron micrograph investigations suggest that a more

optimal bonding structure of etched porcelain is achieved with shorter etch times.
The shear strength of composite to porcelain is two to three times greater when a
2.5 minute etch is used venus a 20 minute etch. (Calamia et al, 1985). The depth
of porcelain etching has been estirnated to only be in the range of 5 to 7 p yet the

use of hydrofluoric acid provides excellent micromechanical retention for bonding
to feldspathic porcelain. This effect has not been shown for high-aluminous

porcelains (Yen, Blackman and Baez, 1993). The etching of porcelain with
hydrofluoric acid is considered to be the most significant factor in creating high
bond strengths of composite to porcelain (Stangel, Nathanson and Hsu, 1987).

Despite the effect of enhanced resin-porcelain bond strength, the use hydrofluoric
acid intraorally m u t be undertaken with caution with use of rubber dam isolation,

eye-protection and high volume air evacuation (Zachrisson and Buyukyilmaz,

2.2.4 Silane coupling agents

In order to bondxomposite resin to porcelain the porcelain surface must be
modified to enhance the compatibility between the two matenals (Suh, 1991).
Porcelain is largely made up of silica (Si&) and other silica oxides. The surface
of porcelain is covered with a layer of adsorbed water, resulting in hydroxy 1

groups to which water molecules fonn hydrogen bonds. A relatively thick layer of
water san then build up on a porcelain surface (Suh, 1991). The purpose of silane

is to displace the adsorbed water, thus improving composite wetting of the
porcelain and increasing penetration of the resin into microporosity in the
porcelain surface (Sorensen, Kang and Avera, 199 1). Additionally the silane
fùnctions to provide a chemical link between the oxide groups in the porcelain
and the polymer molecules of the resin (Major, Koeler and Manning, 1995).

Silane agents have the general chemical formula (Van Noort, 1994):

where: R= an organo-functional group

X= hydrolysable groups bonded to the silane

In the presence of an acid and water, the "X" groups of the silane are hydrolysed
to fomi a silanol. It io important to note that an acid group must be present for the
reaction to occur adequately. Therefore, the porcelain surface must be acidified
for the desired reaction to occur:

The trihydroxy-silanols are able to compete with the water bonded to the porcelain
surface and displace the water, forming hydrogen bonds with the hydroxyl groups
on the porcelain surface. When the silane coated porcelain is then dried, the water

is removed and a covalent bond is formed between the porcelain and silanol.

When the composite resin is placed in contact with the silane treated porcelain, the

organo-tùnctional group (R) reacts with the resin and forms a strong bond
between the porcelain and the composite resin. The result is a strong,water

resistant bond. Without the use of a coupling agenf water would diffuse &ou&

the weakly b o n d 4 resin-porcelain interface and re-adsorb ont0 the porcelriin
surface. displacing the restn (Van N o o r t 1994).

Ghassemi-Tmy (1979) described an in vitro çhidy in which orthodontic bracketç
were bonded to prepared porcelain samples wtth an adhesion promoter (Fusion,

George Taub Products) and an a c ~ l i resh
c
(SeMitron, Amalgamated Dental Trade

Distributon). When test& in shear, tensik end rotational debond modes, the

m a n siiear value (7.41bs) was geater tftw tke other two groups (tensile=46lbs,

rotational=3 -0Ibs). although no statistics were stated. The study was one of the

otthodontic attachmenif~

first t o discuss the clinitd probleet of
porcelain

Johnson ( 1 980) discussed the use of silane ceuplhg for porcelain b&ng

in

orthodontics. N o values were given f o rke
~ bond st~erigthsof the testai groups.
The conclusions reached in the presented a k a c t were that the use of

conventional orthodméic bonding techmqtieç restllted in minimal bond strengths
however the use of a silane systerrt e n h ô ~ ~ ethe
d bond strength to acceptable levels

for orthodontic bonding. The +r

al% concl&& by stohg wunpleç for 30

days in moisture and the quivalent of 30 days of hmocycIùig that expoçure to
moisture and temperature change presented n o challenge to the silane enhanced
bond.
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Newman (1983) published a clinical technique paper discussing the use of a silane
bonding agent (Bondpor, General Orthociontic Supplies) to overcome the
difficulty in bonding to a porcelain crown. In the article, the author discussed a
clinical case in which the bond achieved was of such strength that the porcelain
facing was pulled off the crown when the bracket was removed.

Newman, Dressler and Grenadier (1984) compared the in virro shear bond
strene@s of brackets bonded to glazed porcelain denture teeth, with or without
silane treatment (2-6030, Dow Coming), to brackets bonded to enamel using a
composite resin bonding material (Concise, 3M). The bond strengths to enarnel
(1 120p.s.i.) were much higher than the bond strengths to denture tooth porcelain,

whether a silane coupling agent was used (430p.s.i.) or not (0p.s.i.). The authon
concluded that although the silane coupling agent enhanced the bond strengths of
orthodontic attachrnents to porcelain, the bond strengths achieved might still not
be adequate for use in clinical orthodonties.

Stokes, Hood and Tidmarsh (1986) investigated the effect of surface roughening
and application of two different silane primers (Scotchprime, 3M and Fusion,

George Taub) on the bond strength of orthodontic brackets to porcelain. The

authors concluded that the silane treated samples had adequate bond strengths
( 10-63MPa to 1 1.1 8MPa) and surface roughening was not necessary if silane was

used. However, the possibility of porcelain h c t u r e on debonding warranted
caution whenever used clinically.

Wood, Jordan, Way and Galil(1986) tested the effectiveness of bonding
orthodontic attachments to porcelain denture teeth using two different chemically
activated adhesives (Endur, Omco and Phase II, Reliance), three porcelain
bonding agents (Ormco Porcelain Primer, Ormco; Reliance Porcelain Primer,
Reliance; and Fusion, George Taub Products) and two different surface
preparations (glazed and deglazed). The authors concluded that when the
porcelain surface was roughened with a diarnond bur, the use of porcelain primer
resulted in mean bond strengths (28.5 to 32.2 lbs.) comparable to those obtained
with conventional acid etch techniques to enarnel(28.8 to 48.7 lbs.). As bond

strengths increased the likelihood of porcelain h c t u r e also increased. The study

also suggested that using a highly filled resin on an intact glazed surface without
using a porcelain primer might allow bond strengths adequate for use in clinical

orthodonties. The use of a porcelain primer or roughening the crown surface
could be considered if a higher bond strength was required.

Andreasen and Stieg (1988) indicated in a clinicd report that the use of silane
coupling agents when bonding orthodontie attachments could result in bond
strengths so great that porcelain fracture upon debond was a risk. They suggested
the use of a debonding technique in which the tie wings of the bracket are pinched

together using a Weingart utility plier. The suggested technique wodd create a

peeling force along with a tensile force thereby preventing hi@ stress
concentration buildup within the porcelain surface.

Eustaquio, Garner and Moore (1988) tested five different adhesive systems
(Systern 1 and porcelain primer, Ormco; Enamelite 500 and porcelain repair, Lee
Phannaceuticals; Ultra-bond restorative, Den-Mat Corp.; Isopast and Silanit,
Vivadent; Concise and Scotchprime, 3M) for bonding attachments to glazed and

deglazed porcelain surfaces. Sarnples were initially stored in water for 24 hours
then thermocycled 2500 times fiom 16' to 56°C. The samples were then

subjected to tensile bond strength testing. The authors concluded that bonding to a

glazed (0.593MPa to 6.58MPa) or deglazed (0.466MPa to 5.77MPa) surface made
no difference in bond strength. The authors also recommended bonding to an

intact porcelain surface to minimize the risk of porcelain darnage.

Kao, Boltz and Johnston (1988) perfoxmed bond strength testing of brackets
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bonded to veneered bovine teeth. The results obtained in this study revealed
stronger bond strengths for samples receiving silane primer (Scotchprime, 3M)
and surface roughening (34 lbs) when compared to an unprimed, intact porcelain

surface (16.4 Ibs.). When comparing bond strengths of a highly filled resin
(Concise, 3M) to a microfilled resin (Unite, 3M), the highly filled composite gave
higher bond strengths (34 Ibs.) than the microfilled resin (2 1 lbs.) . The use of a

silane priming agent and a highly filled resin resulted in bond strengths similar to
those obtained with conventional bonding to enamel (35 lbs.)at 24 hours. The nsk
of porcelain fracture d s o increased with the use of a silane primer. The authon
concluded that the polish or surface finish of the porcelain surface could best be
restored with the use of a diamond impregnated polishing wheel (Meissinger
polishing wheel, Jan Dental) and diamond polishing paste (Vident diamond
polishing paste, Vident).

Smith, McImes-Ledoux, Ledoux and Weinberg (1988) investigated the effect of
thermocycling on onhodontic bonding to porcelain. They compared groups of
porcelain sarnples receiving three different surface treatments (silane, roughening
and silane, and roughening) to a control group of extracted teeth receiving two

conventional acid-etch bonding agents (Concise, 3M; System 1, Ormco) to
enarnel. The study concluded that themocycling had no significant effect on the

bond strengths to porcelain of the materials studied when compared samples
which were not thermocycled. The mem bond strengths to porcelain varied
meatly arnong the matenals and surface treatments used (l.8MPa to 11.IMPa).

C

The authors attempted to refinish the debonded porcelain surfaces but none of the

techniques used (fhe diamond bur, mbber wheel, polishing disks, polishing

stones) could reproduce a glared porcelain appearance.

Winchester (1 99 1) compared sheadpeel and tensile/peel bond strengths of
porcelain samples treated with four different silane primers (Scotchprime, 3M;
Cornmanci, Kerr; Fusion, Orthomax; Lee, Lee Phamaceuticals). The author
reported that al1 silane bonding systems used provide adequate mean shear-peel
bond strencgths (155.9N to 242.3N). The sheadpeel debond mode was deterrnined

to more likely to cause porcelain darnage.

Zachrisson and Buytüqilmaz (1993) recommended deglazing of the porcelain
surface using 50p aluminum oxide air abrasion, etching with 9.6% hydrofluoric
acid gel (Pulpdent) for 2 to 4 minutes followed by application of a silane priming

agent for orthodontic bonding to porcelain. Using a highly filied resin (Concise)

to enhance bond strength was also suggested. The authon also raised the need for
cl inical evaluation of the proposed techniques.

Whitlock, Eick, Ackerman, Glaros and Chappe11 (1994)investigated bond
strengths of ceramic brackets to porcelain. The study reported that the three
different resin bonding systems (Transbond, 3M; Unite, 3M; Concise, 3M) had

simi lar mean bond strengths (Trambond= 1.8MPa,Unite=Z.oMPa and
Concise=3.8MPa) and bond strengths were significantly enhanced when a silane
primer (Porcelain Bonding Primer, Ormco) was used (Transbond=6.3MPa,

Unit~6.5MPaand Concise=7SMPa).

Barbosa, Almeida, Chevitarese and Keith (1995)compared the effects on bond
strength of three different porcelain surface preparations (acidulated phosphate

fluoride (APF) etch for 5 minutes, APF etch and sandpaper disk polish, diamond
bur polish). The authon reported that the predominant site of bond failure was the

porcelain/composite interface. Removal of the porcelain glaze with a diamond bur
and application of silane primer resulted in the highest mean bond strength

(47.1kg/cm2).

Major, Koeler and Manning (1 995)compared bond strengths of orthodontie

brackets to porcelain using three adhesion promoters (Ormco Porcelain Primer,
Ormco; All-Bond 2, Bisco; Scotchprime, 3M) and two adhesives (Phase II,
Reliance; Rely-a-bond, Reliance, hc.). Al1 samples were also etched with 2.5%

hydrofluoric acid for 90 seconds. The samples treated with an adhesion promoter
resulted in mean bond strengths (4.34MPa to 13.53MPa) much higher than those
treated without an adhesive primer (0.4 1MPa to 0.44MPa). Higher bond strengths
were also associated with a higher incidence of porcelain damage.

Greeff (1 996) investigated the sheadpeel bond strengths of five different resin
systems (right-On, TP; Orthodontic Concise, 3M; Concise, 3M; Super-C, Arnco;
Transbond XT, 3M) to porcelain surfaces treated with a silane coupling agent
(Scotchprime, 3M). No statistically significant differences were found between

-

mean bond strengths (12.99MPa 19.53MPa) of the different materials tested.
The author also detennined that there was no statistically significant difference in

incidence of porcelain fracture among the groups.

Nebbe and Stein (1996) investigated the sheadpeel bond strength of silane treated
glazed and deglazed porcelain samples and various tirne intervals over a period of

72 hours. Initial mean bond strengths were higher in the deglazed sarnples
(1 1.36MPa) when cornpared to glazed samples (6.03MPa) but after 10 minutes,

bond strengths were higher in the glazed samples (18.80MPa) than in the deglazed
sarnples (15.0 IMPa). Approximately 3 times as many porcelain fractures occurred
in the deglazed sarnples compared to the glazed samples. The authors concluded

that deglazing the samples might not be necessary when bonding orthodontic

brackets to porcelah.

Zachrisson, Zachnsson and Bfiyakyilmaz (1996) evaluated the effect of six
porcelain surface treatments on the tensile bond strength of orthodontic
attachments to feldspathic porcelain. Porcelain samples had the glaze removed
with air abrasion and received either silane application, 9.6% hydrofluoric acid
etch, 4% APF gel etch or intennediate resin application (All-Bond 2, Bisco Dental
) The samples were bonded (Concise, 3M) and were thermocycled 1000 times

fiom 5 to 55 and tested in tension. The study concluded that treatrnent with
O

O

silane @lus hydrofluoric acid or sandblasting) significantly increased the mean
bond strength of the brackets to porcelain when compared to
controls(I.FF+silane=11SMPa, sandblasting+silane=l1.6MPa vs.

Control=2.5MPa). The authors also reported that, according to a pilot study,
thermocycling the bonded samples prior to testing significantly decreased the
overall bond strengths of the various adhesives and resulted in no porcelain
fractures occurring on debond. The authors concluded that thermocycling more
closely represented the clinical situation and leaving a thermocycling process out
of bond strength testing resulted in excessively high bond strengths. Problems that
exist in orthodontic bond strength testing, including different types of porcelain

used in different studies and how debonding during in vitro testing does not
simulate the intraoral debonding conditions were also discussed.

Cochran, O'Keefe, Turner and Powers (1997) investigated the effect of bonding

orthodontic attachments to porcelain treated with five different surface treatments
(air abrasion, air abrasion and silane, hydrofluoric acid etch, hydrofluoric acid etch

and silane and 600-grit polish and silane). M e r orthodontic buttons were bonded
to the samples (Concise, 3M), they were stored for 24 hours in water and

debonded in tension. The samples treated with a silanating agent resulted in the
highest bond strengths (28.3MPa - 39. IMPa). However, the authors stated that
the bond strengths achieved for samples treated without silane may be within the

range of clinical acceptability (6.5MPa - 17.8MPa). The samples not treated with
silane also had a lower incidence of porcelain fkacture in debonding and it was
concluded that the use of silanating agents may not be necessary for orthodontic
direct bonding.

Lee-Knight, Wylie, Major, Glover and Grace (1997) investigated three different
debonding techniques (Howe pliers, lift off debonding instrument (LODI) or
electrothermal debonder) for metal and ceramic brackets bonded to ceramic
veneers using 2.5% hydrofluoric acid etch (Porcelok, Den-Mat)for 2 minutes and

silane primer (Scotchbond, 3M). The study revealed that porcelain damage was
found in 2 1% of Howe plier debonds, 35% of LODI debonds and 13% of
electrothermal debonds. Unfortunately,the authorssuggested that 46% of the
teeth debonded with the electrothemal debonder would have suffered irreversible
pulp damage.

Gillis and Redlich (1998) investigated the shear bond strengths of three different
porcelain surface preparations (diamond bur, a u abrasion and hydrofluoric acid
etch) bonded with three different adhesives (silane and right-On, silane and
Concise, and High-Q-Bond). The highest mean bond strengths were achieved
using concise and silane in combination with hydrotluoric acid etch (16.24MPa)

or microetching (17.90MPa). The lowest mean bond strengths were found in the
sample groups treated with Hia-Q-Bond in combination with microetching

(5.68MPa) or coarse diamond bur roughening (6.78MPa). Al1 groups receiving
hydrofluoric acid etch in combination with any adhesive were judged to have

mean bond strengths adequate to withstand orthodontie treatment (10.12MPa to
1 1.03MPa). A higher rnean shear bond strength of an adhesive treatment resulted

in higher incidence of porcelain fiachire. Of the surface preparations used, under

SEM examination, only hydrofluoric acid etch produced a deep penetrating pattern
of mechanical retention.

Chung, Bredlinger, Bredlinger, Berna1 and Mante (1999) investigated the ability

of resin modified glass ionomer cements (Geristore, Denmat and Fuji Ortho LC,
GC America) to bond to porcelain. Al1 porcelain sarnples received surface
treatrnent of 9% hydrofluoric acid etch for 3 minutes and had orthodontic brackets
bonded using one of six different bonding protocols (Concise, Concise and silane,
Geristore, Geristore and silane, Fuji and Fuji and silane). When subjected to shear
testing, the samples treated with silane had significantly higher mean bond
strengths (Concise+silane= 1>.79MPa, Geristore+silane= 19.43 MPa,
Fuj i+silane= 18.47MPa). The authors concluded that with proper surface

preparation, resin modified GIC's gave adequate orthodontic bond strengths to
porcelain.

The prosthodontic literature is another source of studies using silane adhesion

promoters as they are utilized in porcelain repair. A review of the prosthodontic
literature reveais sorne articles with information not available in the orthodontic
literature. Specifically, a few articles in the prosthodontic literature have
examined bond strengths of composite to porcelain, using various adhesion
promoters, for periods of 24 hours to 6 months.

An article by Stokes, Hood and Tidmarsh (1988) compared the 24 hour and 6

month bond strengths of a prehydrolysed, single component silane primer

(Scotchprime, 3M) to an operator-activated silane primer (Fusion, George Taub
Products). Interestingly, this article used bonded orthodontie buttons for bond
strength evaluation in a study comparing two porcelain repair methods. The study
recorded tensile-peel bond strengths at 24 hours and at 6 rnonths for both silane .
primers. The prehydrolysed silane primer gave a consistently high mean bond
strength at both 24 hours (14.0MPa) and 6 months (1 1. lMPa) while the operator
activated silane had a significant reduction in bond strength fiom 24 hours
( 13.2MPa) to 6 months (1.1 MPa). The authon suggest that for porcelain repair,

the prehydrolysed silane primer is superior to the operator activated primer.

A study by Berry, Barghi and Chung (1999) investigated the effect of 3 months of

water storage on the bond strength of a dual cure composite resin ( Mirage,
Chameleon Dental Products ) to porcelain. When comparing premixed silane
promoten (to operator activated silane primers, the authors found no difference
between the premixed (4.3 8MPa-8.25MPa) and operator activated (8.62MPa11S9MPa) silane promoters in the ability to enhance the bond strength of

composite resin to porcelain at 24 hours. With the exception of one premixed
system, the mean bond strengths of the tested groups increased when testing was
performed at 3 months (14.36MPa- 16.24MPa vs. 17.16MPa to 23.90MPa). The

authors concluded that premixed silane systems are stable during water storage.

A thorough review of the pertinent literature reveals that numerous advances have

been made in understanding how to bond orthodontic attachments to porcelain
more effectively. The use of mechanical roughening or hydrofluoric acid etching
are good alternatives to conventional 37% phosphoric acid etch. The use of silane

primen enhances both the chernical and micromechanical bond of orthodontic
resin to porcelain. Thermocycling has also been used to more accurately
reproduce intraoral conditions, as its use tends to underestimate bond strength
(Zachrisson, Zachrisson and Bliyükyilmaz, 1996). Some of the prosthodontic
literature suggests that long terni water storage might compromise composite resin
bond strengths to porcelain. However, there has been no investigation of the
effect of long term storage in water on orthodontic bond strength to porcelain.

The storage conditions recommended in 1993 by the International Organization

for Standardization, the ISO document, gives three possibilities: short term storage
(24 hour), long terni storage (6 months) and thermocycling 500 times from 5 OC to
55 OC and back. A study investigating the effects long term water storage on the

various methods used to enhance orthodontic bond strength to porcelain would
add to our understanding of adhesion promotion to porcelain.

2.4 Objective of the Shidy

The purpose of this study is twofold:
1. To determine the effects of 6 different porcelain surface treatments on the

shear-peel bond strength at 24 hours and at 6 months
2. To determine the effect that storage in 37' water for 6 months will have on the

shear-peel bond strength of orthodontic attachments bonded to porcelain

2.5 Nul1 Hypothesis

The null hypothesis for this study states that there are no statistically significant
differences in the orthodontic shear-peel bond strengths resulting fkom various
porcelain surface treatments. The null hypothesis also states that storage of the
samples in water for 6 months will have no effect on the bond strengths of the
individual surface treatment groups.

3. MATERLU AND METHODS

3.1 Experimentai Design Outline

The products selected for this shidy, the manufacturers' details and relevant batch
numbers are listed in Table 3.1.
60 porcelain (Omega 900, Vita Zahnfabrik, Bad Sackingen, Germany)

samples with flat bonding surfaces were prepared in a standardized die.
The 60 samples were divided into groups of 10 and received one of the

following surface treatrnents: 1. Pumice polish (Control)

2. Pumice polish + Silane primer
3. Air abrasion
4. Air abrasion + Silane primer

5. Hydrofluoric acid etch
6. Hydrofluoric acid etch + Silane primer

Two stainless steel, flat base orthodontic buttons (GAC) were bonded to
each sample with an autocure orthodontic bonding resin (Concise, 3M Unitek).

Shear bond strength testing was perfomed, with one button of each

sample being tested at 24 hours and the other button being tested at 6 months.
Storage of the bonded samples was in an incubator under conditions of 37 OC

distilled and deionized water.

Light-optical stereomicroscope evaluation of the hcture sites was
performed in order to evaluate the amount of adhesive remaining and porcelain
damage after each button was debonded.

Scanning electron microscope (Hummer V, Technics) evaluation of the

different porcelain surface preparations was also done to firther analyse the effect
that the procedures had on the porcelain sarnples.

Table 3.1 :
Materials, Manufacturem and Batch Numbers

1

Material
Vita Omega 900 Porcelain

1

Flat Lingual Orthodontic
Buttons

l

Hydrofluoric Acid

1

1
1

I

Manufacturer

I

Batch Number

Vita Zahnfabrik, Bad
Sackingen, Germany
GAC International, Inc.
New Yoh, NY, USA
Pulpdent Corp.
Watertown, MA, USA
-

-

Silane Coupling Agent
Ceramic Primer
Activator
Catalyst

3M Oental Products
St. Paul, MN, USA

Concise Orthodontic
Bonding Resin
Resin
Paste

3M Dental Products
St. Paul, MN, USA

37% Phosphoric Acid Gel

3M Dental Products
St. Paul, MN, USA

-

-

1

Ceramic Primer: #2721
Activator: #7546
Catalyst: #7547
-

Resin A: #1922A
Resin B: #1922B
Paste A: #1961A
Paste 8: #1961 B

3.2 Porcelain Samples

Porcelain samples 1lmm long, 7mm wide and 4mm thick were prepared nom
Omega 900 feldspathic dentin body porcelain (Vita Zahnfabrik), shade C4 (Figure
3.1 ). The samples were manufactured by condensing the porcelain into a shade

mould with a highly polished flat surface. The samples were removed fkom the
mouid and exarnined for a smooth bonding surface. Any sarnples exhibiting
surface defects were discarded. The selected samples were then f ~ e d
in a crramic
oven (Vita Vacumat 2500) according to manufacturers recommendations (Table

3.2). AAer fuing, the samples were visually inspected under stereomicroscope at

10x for a smooth and flat bonding surface. Any sarnples exhibiting surface
defects were discarded. The selected samples were then glazed using a natural

daze with a glycerine coat and were f w d once again according to manufacturers
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recommendations (Table 3.2). Samples were inspected for a fmal time under
stereomicroscope for a unifonn bonding surface. Al1 porcelain preparation and
sample inspection was carried out under the direct supervision of a dental
technician with 18 years of ceramic preparation experience.

Figure 3.1 Omega 900 Porcelain Sonrples

Porcelain Firing Chart

Table 3.2

Vita O u r 1 1 9 0 Firing
0
Cycle Chatt

Pte-dry
(minutes)

Pre-dry
( O c )

Maturation
Temp

Time to
Maturation
Temp

(Oc)

(minutes)

Hold at
Manvation
Temp
(minutes)

Vacuum
(minutes)

Dentine
Firing

600

6.00

6.00

900

1.00

6 .O0

j 2nd Dentine

600

6-00

6.00

890

1-00

6.00

1

Firing
Glaze

1

600

1

4.00

1

4.00

1

900

1

2.00

1

-

3.3 Mounting Procedure

Al1 selected porcelain samples were randomly assigned to one of the six surface

treatment groups. The porcelain samples were then embedded in cold cure acrylic
in mounting rings (Figure 3.2). The porcelain samples were positioned into the

acrylic using a dental sweyor in order to ensure that the Bat porcelain bonding

surfaces would be oriented parallel with the direction of the applied shear force.

Figure 3.2 Mounted PorcelPin Samples
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3.4 Porcelain Surface Preparation

3.4.1 Pumice Polish

The glazed porcelain samples were polished with a pumice and water sluw polish

for 5 seconds with a slow speed dental handpiece and rubber polishing cup
(Figure 3.3). The sarnples were then thoroughly rinsed with water and dned with

oil-free compressed air.

Figure 3.3 Pumice Polish

3.4.2 Microabrasion

The glazed porcelain samples were air abraded using 90p ahiminum oxide for 5
seconds at a distance of lOmm at 3.5kg/cm2(501bs/inch2)of air pressure with a
Microetcher (Danville Engineering) held 5mm nom the porcelain sample (Figure
3.4). Samples were then thoroughly rinsed with water and dried with oil-fiee

compressed air.

Figure 3.4 Microabrasion

3.4.3 Hydrofluoric acid

The glazed porcelain samples were etched with 9.6% Hydrofluoric acid etch
(Pulpdent) for 120 seconds (Figure 3.5). The samples were then washed with
water for 30 seconds and air dried with oil-fiee compressed air.

Figure 3.5 Hydrofluoric Acid Etch

3.4.4 Silane coupling agent

The clean porcelain surfaces were etched for 15 seconds wiîh 37% phosphoric
acid gel (3M), rinsed for 15 seconds, lightîy dried for 2 seconds and were left

moist. Cerarnic primer was applied to the' prepared surface and dried. Activator

was applied to the etched surface and dned for 5 seconds. The catalyst was then

applied to the primed porcelain surface and to the bonding surface of the bracket
(Figure 3.6). The bonding procedure was then undertaken.

Figure 3.6 Silane Primer

3.5 Bondable Lingual Orthodontie Buttons

Round orthodontie lingual buttons (GAC) with a flat base and mesh backing were
used for al1 tests (Figure 3.7). The base areas of 10 randornly selected buttons
were measured 5 times each using digital micrometer calipee (Mitutoyo, Tokyo,
Japan). The mean nominal area of the mesh was calculated to be 9.18mm2.The

base area was used to calculate the stress in MPA at bond failure.

Figure 3.7 Flat Bondable Lingual Buttons
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3.6 Bonding Materials

Surfaces not previously etched were etched with 37% phosphoric acid gel (3M

Unitek) for 15 seconds, rinsed for 15 seconds and thoroughly dried (Figure 3 3).
Equal amounts of enamel bond resin A and B (Concise, 3M) were mixed for 10
seconds with the supplied applicator. The mixed resin was then applied to the

porcelain surface. Equal amounts of orthodontie paste A and B (Concise, 3M)
were then mixed with a spatula for 20 seconds. The bonding surface of the button
was then coated with a self-cured bonding resin paste and positioned into place
with firm finger pressure. Al1 excess bonding resin was thoroughly removed

using an explorer under close visual inspection.

Figure 3.8 Orthodontie Bonding Rcrin

3.7 Storage of Snmples

The bonded samples were stored in distilled deionised water for 24 hours at 3 7 O C
in an incubator pnor to the 24 hour bond strength measurements being taken.

Immediately after the 24 hour debonding procedure, the samples with one
remaining button were retumed to the 37°C water where they were stored for a
fûrther 6 months (minus one day), afier which tirne the 6 month debonding
procedure was perfonned.

3.8 Debonding Procedure

The shear bond strengths were determined using a shear stress testing device
(Bencor Multi-T, Danville Engineering, San Ramon,Ca, USA) in a Zwick

univenal testing machine (Zwick GmbH & Co. Ulm, Gerrnany) (Figure 3.9). The
debond load was applied with a crosshead speed of O.Srnm/minute using a 1OW
load cell. The load was applied to the porcelain-resin-bracket interface using a
custom shearing blade aligned parallel to the test surface. The samples were

Ioaded until bond failure and the shear stress was recorded in MPA.

Figure 3.9 Bencor Multi-t Testing Apparatus
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3.9 Evaluation of Fracture Sigbts

Visual inspection of al1 debond interfaces was carried out using a light-optical
stereo microscope (Nikon, Tokyo, Japan) at 10x magnification by three
and
independent evaluators. A modified Adhesive Remnant Index (ARI) (b

Bergland, 1994) was used to evaluate the amount of adhesive left on the porcelain
sample and to evaluate damage to the porcelain after debonding. The score
assigned to each debond interface was used to classi@ the site of bond failure.

Modified Adhesive Remnant Index (Artun and Bergland, 1994):
Score O = No adhesive lefl on the porcelain surface (adhesive/porcelain interface

failure)
Score 1 = Less than half the adhesive left on the porcelain surface
Score 2 = More than half the adhesive left on the porcelain surface
Score 3 = Al1 the adhesive ieft on the porcelain surface, with a distinct impression

of the bracket mesh (adhesive/bracket interface failure)
Score 4 = Darnage to the porcelain sample
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3.1 1 Statistical Analysis of Data

The results of the shear bond strength testing at 24 hours and at 6 months were

analysed using an analysis of variance (ANOVA)at the 0.05 level of significance
to determine if differences existed among the mean bond strengths of the samples
treated with various surfaces preparations. The means were then compared by

Tukey intervals to determine where statistically significant differences existed
arnong the various surface preparations.

The 24 hour and 6 month mean bond strengths for each surface preparation were
then compared using a repeated measures ANOVA at the 0.05 level of
significance to determine if significant differences existed between the bond
strengths mezured at different times on the individual samples. A paired t-test
was then carried out for each surface preparation group to determine which groups

had a significant difference in bond strengths at 24 hours vs 6 months.

The Adhesive Remnant Index scores of the six surface preparations were
compared using a chi squared analysis at the 0.05 level of significance to
determine if significantly different incidences of porcelain fiachire resulted fkom
the different surface preparations.

4.

RESULTS

4.1 Shear Bond Strengths

4.1.1 Twenty-four hour bond strengths

Differences among the mean shear-peel bond sti ngths of the different surface
treatment groups was determined statistically using the ANOVA analysis and a
Tukey 's multiple cornparison test.

The highest mean bond strengths were obtained in samples treated with

microabrasion and silane (17.08

* 2.3 1MPa) and in samples treated with

hydrofluoric acid etch and silane (16.64I 3.19MPa). Using the ANOVA analysis
and a Tukey's test no statistically significant differences could be found between

these treatment groups at the 5% level of confidence @>0.05).

* 2.8SMPa), hydrofluonc acid
etch (9.25 * 2.91 MPA) and microabrasion (8.32 * 1.73MPa)had mean bond

The samples treated with purnice and silane (12.0

strengths of similar statistical magnitude. Using ANOVA analysis and a Tukey's
test no statistically significant differences could be found between these treatment
groups at the 5% level of confidence @>O.OS).

Samples treated with pumice alone (3.97

* 1.33MPa) achieved the lowest mean

bond strenL@ which statistically was significantly less than any other surface
treatment group @>O.OS).

The individual shear-peel bond strengths of each specimen, as well as mean shear
bond strengths, maximum, minimum, standard deviations and coefficients of

variance for each group are listed in Tables 4.1 to 4.6.

The comparative data for the mean shear-peel bond strengths, standard deviations

and coefficients of variation are listed in Table 4.7 and Figure 4.1.

Table 4.1:
24 Hour Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Pumice Polish

.

Pumice
Samde No.

SheaCPeel Bond Strength
in MPa

Minimum
Maximum
Mean
Standard Deviation
Variance

2-17
6.02
3.97
1.33
1-77
-

-

Table 4.2:
24 Hour Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Pumice and Silane

r

Pumice and Silane
Sainple No.

Shear-Peel Bond Strength
in MPa

pumice 8 silane-1
pumice & silane2
oumice & silane-3
pumice & silane-4
oumice & silane-5

11.80
8.33
6.30
13.95
10.99

1

Minimum
Maximum
Mean
Standard Oeviation
Variance

I

6-30
15.63
12.00
2-85
8.13

Table 4.3:
24 Hour Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Microabrasion

Microabrasion
Sample No.

1

Shear-Peel Bond Strength
.
in MPa

icroabras
icroabras
icroabras
icroabras
icroabras
icroabras
icroabras
icroabras
icroabras
xoa brasi
Minimum
Maximum
Mean
Standard Deviation
Variance

5.76
10.24

8.32
1

1-73
--- -

1

2.99

Table 4.4:
24 Hour Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Microabrasion and Silane

1
1

I

t
1
1

Microabrasion and Silane
Sample No.

microabrasion & silane-1
microabrasion & silane-2
microabrasion & silane-3
microabrasion & silane-4
microabrasion & silane4
microabrasion & silane-6
microabrasion & silane-7
microabrasion & silane-8
microabrasion & silane-9
microabrasion & silane-10

1

1

1

1

Shear-Peel Bond Strength
in MPa .
13.52
14.87
15.58
16.82
19.75
17.59
15.59
17.30
21.O6
18.70
-

-

-

- -

l

Minimum
Maximum
Mean
Standard Deviation
Variance

1

l

I

13.52
21.O6
17.08
2.31
5.33
-

Table 4.5:
24 Hour Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Hydrofluoric Acid Etch

1

1

L

1

1

Hydrofluoric Etch
Sampie No.

1

Shear-Peel Bond Strength
in MPa

1

hvdrofluoric etch-1
hydrofluoric etch-2
hydrofluoric etch-3
hvdrofluoric etch-4
hydrofluoric etchd
hydrofluoric etch-6
hvdrofluoric etch-7
hydrofluoric etchd
hydrofluoric etch-9
hvdrofluoric etch-10

Minimum
Maximum
Mean
Standard Deviation
Variance

1

I

1,

1

6.25
5.90
8.07
9.87
12.78
8.29
15.48
8.79
9.21
7.86

5.90
15.48
9.25
2.91
8.48
-

- -

Table 4.6:
24 Hour Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Hydrofluoric Acid Etch and Silane

1 Hydrofluoric Etch and Silane 1

1

1

Sample No.

Shear-Peel Bond Strength
in MPa

hydrofluonc etch 8 silane-2
hydrofluoric etch & silane3
hvdrofluoric etch & silane4
hydrofluoric etch & silane-5
hydrofluoric etch & silane-6
hvdrofiuoric etch & silane-7
hydrofluoric etch 8 silane4
hydrofluoric etch 8 silane9
hvdrofluoric etch & silane-10

20.25
18.56
15.41
19.65
11.86
17.53
17.36
11.91
14.18
I

Minimum
Maximum
Mean
Standard Deviation
Variance

1

1

11.86
20.25
16.66
3.16
10.01

Table 4.7:

Comparative Data for 24 Hour Bond Strsngths
Variance

'korcelain Surface Tnrtment
Pumice
Microabrasion
Hydrofluoric Etch
Pumice 8 Silane
Hydrofluoric Etch & Silane
Microabrasion& Silane

8.13

10.01

groups joinad by r vertical line are statistically similar
at the 95% confidence level

figure 4.1 :
Graph Cornparing 24 Hour Mean Bond Strengths
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1.1.2 Six month bond strengths

Differences arnong the mean shear-peel bond strengths of the different surface
treatment groups was determined statistically using the ANOVA analysis and a

Tukey9smultiple cornparison test.

The highest mean bond strengths were obtained in sarnples treated with

*

microabrasion and silane (16.64 3.1 1MPa) and in sarnples treated with
hydrofluoric acid etch and silane (1 6.32

* 3.14MPa).

Using ANOVA analysis and

a Tukey's test no statistically significant differences could be found between these
treatment groups at the 5% level of confidence (p0.05).

*

The samples treated with pumice and silane (10.06 2.42MPa) and hydrofluonc

acid etch (9.34

* 1.93MPa) had mean bond strengths of similar magnitude.

Using

ANOVA analysis and a Tukey's test no statistically significant differences could

be found between these treatment groups at the 5% level of confidence Q ~ 0 . 0 5 ) .

Samples treated with pumice alone (2.16

* 0.5 SMPa) and microabrasion (4.67 I

62

0.42MPa) achieved the lowest mean bond strengths which were significantly
lower statistically than the other surface treatment goups. Using ANOVA
analysis and a Tukey's test no statistically significant differences could be found

between these treatment groups at the 5% level of confidence (p>0.05).

The individual shear-peel bond strengths of each specimen, as well as mean shear
bond strengths, maximum, minimum, standard deviations and coefficients of

variance for each g o u p are listed in Tables 4.8 to 4.13.

The comparative data for the mean shear-peel bond strengths, standard deviations

and coefficients of variation are listed in Table 4.14 and Figure 4.2.

Table 4.8:
6 Month Shear-Peel Bond Strengths in MPa of Porcelain

Samples Treated With Pumice Polish

.

Purnice
Sarn~leNo.

Shear-Peel Bond Strength
in MPa

Minimum
Maximum
Mean
Standard Deviation
Variance

1.40
3.03
2.16
0.55
0.30

1

1

1

Table 4.9:
6 Month Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Pumice and Silane

1
1

Pumice and Silane
Sample No.

pumice 8 silane4
~ u m i c e& silane-2
pumice & silane-3
pumice & silane4
~umice
& silane-5
pumice 8 silane*
pumice & silane-7
& silane-8
~umice
pumice & silane9
pumice 8 silane40
Minimum
Maximum
Mean
Standard Deviation
Variance

1

1

Shear-Peel Bond Strength
in MPa
-

7.25
9.83
6.17
10.80
8.10
9.87
10.42
11.47
12.40
14.28
6.1 7
14.28
10.06
2.42
5.88

Table 4.10:
6 Month Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Microabrasion

h

1

1

l
I

Microabrasion
Sample No.

Shear-Peel Bond Strength
in MPa

microabrasion-6
microabrasion-7
microabrasion-8
microabrasion-9
microabrasion-10

4.79
4.13
4.62
5.04
4.29

Minimum
Maximum
Mean
Standard Deviation
Variance

1
I

1
m

1

4.09
5.41
4.67
0.42
0.18
- -

- -

Table 4.1 1:
6 Month Shear-Peel Bond Strengths in MPa of Porcelain

Samples Treated With Microabrasion and Silane

.

1

Microabrasion and Silane
Sample No.
microabrasion & silane-1
microabrasion & silane-2
microabrasion & silane-3
microabrasion & silane4
microabrasion & silane-5
microabrasion & silane4
microabrasion & silane-7
microabrasion & silane-8
microabrasion & silane-9
microabrasion & silane-10

Minimum
Maximum
Mean
Standard Deviation
Variance

Shear-Peel Bond Strength
in MPa

1

16.71
17.76
17.47
12-20
20.99
14.42
21.81
13.68
17.12
14.24
12.20
21.81
16.64
3.1 1
9.67

Table 4.12:
6 Month ShearPeel Bond Strengths in MPa of Porcelain
Samples Treeted With Hydrcfluoric Acid Etch

Hydrofluoric Etch
Sample No.

Shear-Peel Bond Strength
in MPa

hydrofluonc etch-1
hydrofluoric etch-2
hvdrofluoric etch-3

6.67
8.76
7.70

hidrofluoric etch-5
hydrofluoric etch-6
hvdrofluoric etch-7
hydrofluoric etch-8
hydrofluoric etch-9
hvdrofluoric etch- 10

10.49
10.50
7.50
13.28
8.42
10.10

Minimum
Maximum
Mean
Standard Deviation
Variance

6-67
13.28
9-34
1.93
3.73

L

1

1

7

Table 4.13:
6 Month Shear-Peel Bond Strengths in MPa of Porcelain
Samples Treated With Hydrofluoric Acid Etch and Silane

1

Hydrofluoric Etch and Silane
Sarn~leNo.

Shear-Peel Bond Strength
in MPa

hydrofiuoric etch & silane-1
hvdrofluoric etch & silane-2
h;drofluoric etch & silane3
hvdrofluoric etch & silane4
hidrofluoric etch & silane-5
hvdrofluoric etch & silane4
hydrofluoric etch & silane-7
hydrofluoric etch & silane-8
hvdrofluoric etch & silane-9

18.85
14.53
17.58
13.89
17.90
11.94
21.78
11.79
14.67

Minimum
Maximum
Mean
Standard Deviation
Variance

1

.

11.79
21.78
16.32
3.46
11.95

Table 4.14:
Comparative Data for 6 Month Bond Strengths
Variance

Porcelsin Surface Tnatmant 1Shear-Pnl Bond Stnnqth

Pumice
Microabrasion
Hydrofluoric Etch
Pumice & Silane
Hydrofluoric Etch & Silane
Microabrasion & Silane

11 -95

groups joinid by r vertical line are statistically similar
95V0 confidence Ievel

rit the

-

Figure 4.2:
Graph Comparing 6 Month Mean Bond Strengths
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4.1.3 Twenty-four hour vs six month bond strengths

Using repeated measures ANOVA and a paired t-test for each group at the 5%
level of confidence, the bond strengths measured at 24 hours and 6 months were
found to be significantly different for the porcelain sarnples receiving pumice
polish (3.97MPa vs 2.16MPa), pumice polish and silane ( 12.00MPa vs

10.06MPa ) and for the group receiving microabrasion (8.32MPa vs 4.67MPa)
(p<O.Oj). There were no significant differences between the 24 hour and 6 month
bond strengths for the porcelain samples receiving microabrasion and silane,

hydrofluoric acid etch and hydrofluoric acid etch and silane (pXI.05). The mean
bond strengths decreased in magnitude after six months for al1 the groups tested,

with the exception of the hydrofluonc acid etch group where the mean bond

strength increased fiom 9.25MPa to 9.34MPa. However, the changes in bond
strength were only significant in sarnple groups treated with pumice polish,

pumice polish and silane and microabrasion.

The comparative data for the mean shear-peel bond strengths, standard deviations

and coefficients of variation are listed in Table 4.15 and Figure 4.3.

Table 4.1 5:
Comparative Data for 24 Hour and 6 Month Bond Smrigths

6hmrr-PealBorid Stmngth Standard Devktkn VadanCe
(*Pr)
(+Pa)

'Porcelain Surface Tn8tm8nt

individual surface treatment groups exhibit a statistical
d w r r n c a ln maan bond strength from 24 Hour Testing
to 6 Month Tmting at the 95% conMence kvel

Figure 4.3:
Graph Comparing 24 Hour and 6 Month Mean Bond Strongths
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4.2 Adhesive Remnant Index (ARI) Scores modified

The adhesive remnant index scores calculated for each of the 6 groups are listed in
Table 4.16.

The most comrnon type of debond was one in which no adhesive remained on the
porcelain surface and no damage was done to the porcelain surface (Figure 4.4).

occuming in 56% (67/120) of the tested sarnples. Overall, porcelain fiactures
occurred in 2 1% (îYl2O) of the tested sarnples (Figure 4.5). The majority of
porcelain fkactures were seen on the porcelain samples treated with silane in
combination with microabrasion or hydrofluoric acid etch, making up 40%
( 1O / X ) and 48% (12/25) of the total porcelain hctures respectively. Samples

treated with microabrasion and silane had porcelain fractures in 10 of 20 sites or

50% of debonds within the group. Sarnples treated with hydrofluoric acid etch
and silane had porcelain fkactures in 12 o f 20 sites or 60% of debonds within the

group. The remaining porcelain Eractures occurred in the group treated with
hydrofluoric acid only, 10% (2/20) of debonds within the group and 8% of total
porcelain fractures, and in the group treated with pumice and silane, 5% (1/20) of

debonds within the group and 4% of total porcelain fractures.

Chi squared analysis was used to compare porcelain fracture incidence between

groups at 24 hours and at 6 months. Significant differences existed among the
different porcelain surface treatrnents, with the surfaces treated with the
hydrofluoric acid / silane combination and microabrasion / silane combination
having the highest incidence of porcelain fiacture (pc0.05). Sample groups
treated with hydrofiuoric acid only and with the purnice / silane combination had

low incidences of porcelain fracture which were not significantly different f?om
the sarnple groups treated with microabrasion only and pumice polish only.

The samples treated with purnice polish had no occurrences of adhesive remnants
(Score O) after debonding while the other five surface treatrnent groups had a
similar incidence (20 to 30% of debond sites) of adhesive remnants (Scores 1-3).

The comparative data for the incidence of porcelain fiachire for each of the six

groups at 24 hours and at 6 months are listed in Tables 4.17 and 4.18 and Figures
4.6 and 4.7.

Table 4.16:
Adhesive Remnant Index (ARI) Scores modified
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Figure 4.4 Typical Debond at Porcehin Adhesive Junction (Score O on AR1 Scale)

Figure 4.5 Typical Pomlain Fracture (Score 4 on AR1 Scale)
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Table 4.1 7:
Comparative Data for 24 Hour Porcdain Fractun Incidanw
L

Porcdain Fractura
v
1
no

f Surface Treatment
-

.

--

1

Hydrofluoric
Microabrasion
Pumice 8 Silane
Hydrofluonc 8 Silane
Micro 8 Silane

-

2
O
O
7
7

-

8
10
10

3
3

chitest value (95%confidenca Ievel)
(probability that differences b/t
groups are due ta chance)
1.28E-05
critical value= 11.O7
calculated value= 22-07

Figure 4.6:
Graph Comparing Incidence of Porcelrin Fracture Of Porcelrin Surface Trertments
at 24 Hours
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Table 4.18:

Comparative Data for 6 Month Porcolrin Fnctun Incidence
Surface Treatment

1
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-
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(probability that differences b/t
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Figure 4.7:
Graph Comparing Incidence of Porcelrin Fracture Of Porcelain Surface Treatments
at 6 Months
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4.3 Scanning Electron Microscope Evaluation of Surface Preparation

Visual evaluation of SEM photomicrograph taken of an untreated glazed porcelain
(Figure 4.8) sample reveals a smooth linear surface with no surface irregularity
that would allow for micromechanical retention. The SEM photomicrograph o f

the purnice polish treated sarnple (Figure 4.9) reveals some irregular shallow

scoring of the porcelain surface but very little surface irregularity. The SEM
photomicrographs of the porcelain samples treated with air abrasion (Figure 4.10)

and hydrofluoric acid etch (Figure 4.1 1) reveal a unifonn and complicated surface
with numerous micro-undercuts.

Figure 4.8 Untreated Porceïain Sample SEM
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Figure 4.9 Pumice Polish SEM

Figure 4.10 Micmabmsion SEM
80

Figure 4.1 1 Hydrofluoric Acid Etch

4.4 Nul1 Hypothesis

Statistically significant differences were found in shear-peel bond strengths among
the different porcelain surface treatment groups. Statistically significant

differences were also found within the sutface treatment groups between sarnples
tested at 24 hours and 6 months. The nul1 hypothesis is thus rejected and it is

concluded that both porcelain surface treatment and storage in water for 6 months
have an effect on the bond strength of orthodontie buttons to porcelain.

5.1 Twenty-four Hour Bond Stnngths

In the testing that was conducted at 24 hours, there was a statistically significant
di fference ( p<O.OS ) in the mean shear-peel bond strengths for the different
porcelain surface treatrnents. The highest mean bond strengths were obtained
when the porcelain samples were treated with microabrasion in addition to the use

of a silane primer or when the porcelain surface was etched with hydrofluonc acid

and a silane primer was applied to the etched surface. The porcelain samples
treated with pumice and silane, microabrasion only or hydrofluonc acid etch only

resulted in similar mean bond strengths @>0.05), but these mean bond strengths

were much lower than samples treated with microabrasion and silane or

hydrofluoric acid etch and silane (p<0.05). The samples treated with pumice
polish resulted in the lowest mean bond strengths (p<0.05).

As no standardized protocols exist for bond strength testing in orthodonties most
bond strength studies differ in some respect in their methodologies. In an attempt
to draw some general comparisons, the present study will be cornpared to several

published studies on orthodontic bonding to porcelain that share some basic

common elements in their methodologies. Al1 of the selected studies used a shearpeel or tensile-peel mode of debond, used feldspathic porcelain sarnples to bond
to, used a highly filled orthodontic bonding resin, used MPa to report results and
tested sarnples after storage in water for 24 to 72 hours.

Major, Koeler and Manning (1995) reported tensile-peel bond strengths for
orthodontic brackets bonded to feldspathic porcelain (Vita Omega) with Rely-abond (Reiiance) after the samples were etched with 2.5% hydrofluoric acid for 90

seconds and treated with a silane primer (Scotchprime, 3M). The mean bond
strength for samples treated with hydrofluoric acid and silane was 12.40

*

3.05MPa. The value reported is within the range of the mean bond strength for
sarnples treated with hydrofluonc acid etch and silane (1 6.64

* 3.19MPa)in the

present study.

Greeff (1996) reported shear-peel bond strengths for orthodontic buttons bonded
to feldspathic porcelain (Vita VMK 68, Vita) with Concise (3M) a k r the samples
were polished with pumice and etched 4% acidulated phosphate fluoride (APF)

gel for 2 minutes and treated with a silane primer (Scotchprime, 3M). At 24
hours, the mean bond strength for samples bonded with Concise was 15.26

*

5.56MPa. The value reported is within the range of the mean bond strength for

samples treated with hydrofluoric acid etch and silane (16.64
samples treated with pumice polish and silane (12.0

* 3.19MPa) and for

* 2.85MPa) in the present

study .

Nebbe and Stein (1996) reported shear-peel bond strengths for orthodontic

brackets bonded to glazed and deglazed feldspathic porcelain (Vivadent Vita Body
Porcelain, Degussa Corp.) with Transbond (3M) afier the samples were treated
with 37% phosphoric acid etch and silane primer (Reliance Porcelain Primer). At
24 hours, the mean bond strengths for samples bonded with Transbond and silane

were 19.36

4.52MPa for glazed samples and 15.80

* 1.88MPa for unglazed

samples. The values reported are within the range of mean bond strengths for
samples treated with microabrasion and silane (17.08

* 2.3 1MPa) of the present

study.

Cochran, O'Keefe, Turner and Powers (1 997) reported tensile-peel bond strengths
for orthodontic resin bonded to unglazed feldspathic porcelain with Concise (3M)
treated with microabrasion, microabrasion and silane primer (Scotchprime), 9.6%

hydrofluoric acid etch, 9.6% hydrofluoric acid etch and silane primer or fine grit
polish and silane polish. The authors reported mean bond strengths of 28.3MPa
for fine grit polish and silane, 6.5MPa for microabrasion, 39.1MPa for

microabrasion and silane, 17.3MPa for hydrofluoric acid etch and 35.5MPa for
hydrofluonc acid etch and silane. The bond strengths reported are of a much
greater magnitude than those in the present study and of any other porcelain
bonding study in the orthodontic literature. One reason for the differences in
values may be due to the mechanical bonding system which was used. The authors
used composite resin cones bonded to porcelain samples instead of bonding
orthodontic attachments to porcelain. The mechanical stresses developed within
this system would be very different from a bonded orthodontic anachment and a
discrepancy in bond strengths between the systems could be expected.
Additionally, the authors of this study did not glaze their porcelain samples which
may have made mechanical preparation of the porcelain surface easier.

Gillis and Redlich (1998) reported shear-peel bond strengths for orthodontic
brackets bonded to feldspathic porcelain with Concise (3M) after the samples
were treated with silane primer and either microabrasion or hydrofluoric acid etch.

*
microabrasion and silane and 16.24 * 3.55MPa for samples treated with

The mean bond strength was 17.90 3.65MPa for the samples treated with

hydrofiuoric acid etch and silane. The values reported are within the range of the

mean bond strength of samples treated with microabrasion and silane (17.08

2.3 1MPa) and hydrofluoric acid and silane (16.64 & 3.19MPa) h the present

*

study .

As discussed earlier, it is difficult to make meaningfbl conclusions by cornparhg

the bond strength data fkom one sîudy to another. However, cornparison of the
present study to published results of studies involving orthodontic bonding to
porcelain reveals several comrnon trends. Previous orthodontic bond strength
testing studies have established that the application of a silane priming agent,
especially if used in combination with mechanical surface preparation with
microabrasion or hydrofluoric acid etching, will result in the highest 24 hour
orthodontic bond strengths (Major, Koeler and Manning, 1995; Gillis and Redlich,
1998). Creation of mechanical retention, by either microabrasion or hydrofluoric
acid etch, on a porcelain surface will also result in an increase in 24 hour

orthodontic bond strengths when compared to controls (Cochran, OYKeefe,Turner
and Powen, 1997; Gillis and Redlich, 1998). Additionally, use of conventional

enamel bonding technique when bonding to a porcelain surface (ie purnice only)
results in a very low bond strength (Major, Koeler and Manning, 1995). The

present study agrees with these findings.

5.2 Six Month Bond Strengtbs

In the testing that was conducted at 6 months, there was a statistically significant
difference ( ~ ( 0 . 0 5) in the mean bond strengths for the porcelain surface
treatments. The highest mean bond strengths were obtained when the porcelain
sarnples were treated with microabrasion and silane or hydrofluoric acid etch and

silane. The porcelain samples treated with pumice and silane or hydrofluoric acid
etch resulted in similar mean bond strengths but lower strengths than samples
treated with microabrasion and silane or hydrofluoric acid etch and silane. The
sarnples treated with pumice polish or microabrasion resulted in the lowest mean
bond strengths. Only the sarnples bonded with hydrofluoric acid etch and silane.
microabrasion and silane, purnice polish and silane and hydrofluoric acid alone
had 24 hour and 6 month orthodontic bond strengths that could be considered to
be adequate to withstand the forces experienced during orthodontic tooth

movement.

There are no previously published studies which could be found in the orthodontic
literature investigating bond strengths to porcelain at 6 months. The most
appropriate comparative study was undertaken by Stokes, Hood and Tidmarsh
( 1988). The authors of this study reported tensile-peel bond strengths of

orthodontie buttons bonded to porcelain and tested at 24 hours and 6 months using

nvo different silane adhesion promoters (Scotchprime and Fusion). Both silane
primers gave adequate bond strengths at 24 hours. Scotchprime showed a mean
bond strength of 14.0MPa and Fusion a mean bond strength of 11.1MPa. At 6
months. the samples bonded using Scotchprime had a mean bond strength of
13.2MPa while the samples bonded with Fusion had a mean bond strength of only
1.1 MPa. The use of a prehydrolysed silane primer (Scotchprime) resulted in a

superior maintenance of a predictable bond. In the present study the groups of

samples that were bonded using a prehydrolysed silane primer (Scotchprime) in
combination with hydrofluoric acid etch or microabrasion resulted in a mean bond
strength that was unchanged beh~een24 hours and 6 months. The samples that
were bonded using a prehydrolysed primer and purnice polish however, underwent
a significant reduction in mean bond strength (p>O.05).

The porcelain sarnples treated with microabrasion and silane, hydrofluonc acid
etch and hydrofluonc acid etch and silane had no time related statistical difference

in bond strengths for samples tested at 24 houn and at 6 months. The samples
treated with pumice, pumice and silane and microabrasion had significant time
reiated differences in bond strengths between 24 hour and 6 month bond strengths.

The samples treated with pumice had the lowest mean bond strength. Although

statistically less than at 24 hours, the samples treated with pumice polish and
silane had a mean bond strength within the generally accepted range of adequate
bond strength for orthodontic bonding at 6 months. The samples treated with
microabrasion had an adequate level of mean bond strength at 24 hours but the
mean bond strength at 6 months had decreased by 44% which was not statistically
different fiom the mean bond strength of samples treated with pumice polish and a
conventional enarnel bonding technique.

No studies could be found which had previously been published in the orthodontic
literature investigating the effects of long tenn (6 month) water storage on the
bond strength of orthodontic attachments bonded to porcelain. An explanation for
the dramatic decrease in bond strength for samples treated with pumice only and
microabrasion only may be because of the combined effects of physical darnage to
the porcelain surface introduced through the mechanical abrasion process and 6
months of water exposure to the prepared surfaces. Bello, Myers, Graser and
Jarvis (1 985) concluded that the application of silane reduced microleakage of
composite repair material. Sorensen, Kang and Avera (1991) concluded that for
feldspathic porcelain, etching the porcelain surface with hydrofluoric acid had the
most significant effect on reduction in microleakage and both silanization and
hydrofiuoric etching greatly increase the reliability of the bond between porcelain

and composite resin. Because the samples in the groups bonded with pumice only

and microabrasion only were not treated with silane or hydrofluoric acid etch prior
to bonding, a higher degree of microleakage and a less reliable bond could be

expected. Stokes, Hood and Tidmarsh (1988) concluded that the introduction of
microleakage rnay be responsible for hydrolysis of the Si-O bonds at the porcelainsilane interface. Sarnples that did not receive a silane application or hydrofluoric

acid etch, in some combination, could be expected to have the most microleakage
afier 6 months and thus, the greatest reduction in bond strength. Samples that
were treated with hydrofluork acid etch and with a silane primer would have more
reliable bond strengths. Sorensen, Kang and Avera (1 99 1) also speculated that a
decrease in mean bond strength afier storage in water may be due to the forces of
composite polymenzation shnnkage and hygroscopic expansion of the composite
bonding resin. These findings correlate with those in the present study.

5.4 AR1 Scores

In the present study, 88% of al1 porcelain fractures were seen in the samples

treated with hydrofluonc acid etch and silane or microabrasion and silane, the

treatment groups with the highest mean bond strengths. Major, Koeler and

Manning (1995), Cochran et ai (1997) and Gillis and Redlich (1998) have noted
that porcelain sarnples in test groups with the highest bond strengths were more

likely to have porcelain damage upon debond. This fmding is in agreement with
the present study.

The incidence of fkacture on debond was highest in the samples treated with

hydrofluoric acid etch and silane with 60% (12 / 20) of debond sites exhibiting
porcelain fiacture and in samples treated with microabrasion and silane with 50%
( 10 1 20) debond sties exhibiting porcelain fkacture. Major, Koeler and Manning

observed porcelain kactures in 90% of debond sites in samples bonded with Relya-bond and treated with hydrofluoric etch and silane. Greeff (1 996) noted
porcelain fractures in 100% of the sarnples bonded with Concise and treated with
4% APF etch and silane. Gillis and Redlich (1998) observed porcelain Eractures in

60% of debond sites bonded with Concise and treated with hydrofluoric etch and

silane. The results of the present study had an incidence of porcelain fracture on
debond somewhat less than that found in the studies of Major, Koeler and
Manning and Greef'f and in the same range as the study done by Gillis and Redlich
for sarnples treated with porcelain acid etch process and silane primer. The

porcelain fiacture incidence in al1 of these studies is over 50%. Zachrisson,
Zachrisson and Buyukyilmaz reported a no porcelain fractures in their study that

included thermocycling of ail samples. The authors concluded that the absence of
porcelain fractures in their study was the result of the inclusion of thermocycling
their samples. This process resulted in a lower bond strength when compared to
studies that did not thennocycle their samples and thus a decreased chance of
reaching a bond strength in which porcelain fkacture is likely to occur. Cochran et
a1 ( 1997) reported a porcelain fracture incidence of 8% in their study. The

mechanical design of their bond strength testing did not include bonding
orthodontic attachments to porcelain but rather bonded composite cones to
porcelain. The use of a different mechanical system could be an explanation for
the lower incidence of porcelain fracture.

Gillis and Redlich (1998) reported a porcelain fracture incidence of 70% in
samples bonded with Concise and treated with microabrasion and silane
(Scotchprime). This value is within the range of porcelain fkacture incidence for
sarnples treated similarly in the present study.

The amount of porcelain damage done in the majority of the porcelain fractures
was limited to the outer 0.5 to 1.Omm of the porcelain surface and was confined to
the porcelain surface within 1-2mm of the periphery of the orthodontic button

(Figure 4.5). If the extent of darnage to a porcelain crown in a clinical debond was

of a similar degree then the entire restoration would likely need replacement,
especially if the damage was in an esthetic area or if the fracture occurred near the
margin of the crown. The sites that debonded at the adhesive-porcelain junction
experienced no or minimal damage to the porcelain surface (Figure 4.4) and in this
situation. a restoration would likely not need replacement.

It must be recognized that the samples were debonded in a shear peel rnanner in

the present study. Clinically it is rare that a shear-peel situation would occur when

an orthodontic attachrnent was intentionally or traumatically debonded. It would
be incorrect to assume a direct relationship between the in vitro and in vivo

situation regarding the porcelain hcture incidence of this study. More
importantly, porcelain fractures can occur when debonding an orthodontic
attachment from porcelain and more porcelain fractures can be expected as the
reliability of the bond strength increases. However, the high incidence of
porcelain fiacture seen in this, and other cited in vitro studies, is probably a
fùnction of the test configuration and specimen loading characteristics and
provides little data for comparative analysis and scant information on what to
expect clinically.

6. Conclusions and Recommendations

6.1 Conclusions

From this study, the following conclusions can be made:

1. Orthodontic attachments may be bonded in vitro with Concise bonding resin

(3M) to glazed feldspathic porcelain (Omega 900, Vident) after storage in 37"
water for up to a period of 6 months, using a porcelain surface treatment of 9.6%
hydrofluonc acid etch (Pulpdent) and silane (Scotchprime, 3M) or microabrasion
and silane. without a significant reduction in bond strength.

2. Onhodontic attachments may be bonded in vitro with Concise bonding resin
(3M) to glazed feldspathic porcelain (Omega 900, Vident) after storage in 37

O

water for up to a period of 6 months using a porcelain surface treatment of
hydrofluoric acid etch or pumice polish. The bond strength delivered by using

these protocols is of a lesser magnitude compared to a combination of surface
preparation, microabrasion or hydrofluoric etch, and silane. Additionally, the
combination of pumice polish and silane results in a statistically decreased bond
strength at 6 months compared to 24 hours.

3. Orthodontic attachments cannot be reliably bonded in vitro with Concise

bonding resin (3M) to glazed feldspathic porcelain (Omega 900, Vident) after
storage in 37 water for up to a period of 6 months using a porcelain surface
O

treatrnent of pumice polish or microabrasion without the use of a silane primer.

4. The use of microabrasion with a silane primer or hydrofluonc acid etch with a

silane primer results in an unacceptably high incidence of porcelain fractures when
Ioaded in a shear-peel mamer in vitro.

5. The i~ vitro data from this study may not accurately reflect the clinical situation
and should be interpreted with caution.

6.2 Recommendations

1. As orthodontic attachrnents normally need to remain in function for periods

longer than 24 hours, consideration could be given to including a test sample group
that is stored in water long term (up to 24-30 months) in orthodontic bond strength
investigations.

2. Alternative debonding methods should be investigated to provide a method of

clinical debonding orthodontie attachments fkom porcelain without damaging the
porcelain surface.

3. Methods o f appropriate finishing and polishing should be investigated for

porcelain surfaces that have been superficially darnaged during the debond process.

4. In vivo studies should be done to test the reliability o f in vitro findings.

REFERENCES

Al-Wahadni A, Martin DM. Glazing and finishing dental porcelain: A literature
review. J Can Dent Assoc 1998;64:580-583.

Andreasen GF, Stieg MA. Bonding and debonding brackets to porcelain and gold.
Am J Orthod Dentofac Orthop 1988;93:341-345

h

.

n J, Bergland S. Clinical trials with crystal growth conditioning as an

alternative to acid-etch enamel pretreatment. Am J Orthod. 1994; 85: 333-340.

Barbosa VL. Almeida MA, Chevitarese O, Keith O. Direct bonding to porcelain.
Am J Orthod Dento facial Orthop. 1995;107 :159- 164.

Berry T, Barghi N, Chung K. Effect of water storage on the silanization in
porcelain repair strength. J Oral Rehabil 1999; 26:459-463.

Buonocore MG. Principles of adhesive retention and adhesive restorative
materials. J Dent Res l963;67:382-39 1.

Calarnia JR, Vaidyanathan J, Vaidyanathan TK,Hirsch SM. Shear bond strength of
etched porcelains. J Dent Res 1985;64:296, Abst. No. 1096.

Chung CH, Brendlinger EJ, Brendlinger DL, Berna1 V, Mante FK. Shear bond

strengths of two resin modified glass ionomer cements to porcelain. Am J Orthod
Dentofac Orthop 1999;115533-535.

CIayton J, Green E. Roughness of pontic materials and dental plaque. J Prosthet
Dent lWO,23:407-4 11.

Cochran D, O'Keefe KL, Turner DT, Powers IM. Bond strength of orthodontic

composite cernent to treated porcelain. Am J Orthod Dentofacial Orthop.
1997;1 1 1:297-300.

Craig RG. Ceramics. In: Craig RG. Restorative dental materials. St Louis: CV
Mosby 1989.p.48 1-498.

Eustaquio R, Garner LD, Moore BK. Comparative tensile strengths of brackets
bonded to porcelain with orthodontic adhesive and porcelain repair systems. Am J
Orthod Dentofac Orthop 1988;94:42 1-425.

Fox NA, McCabe IF, Buckley JG. A critique of bond strength testing in

orthodonties. Br J Orthod l994;2 1:33-43.

Ghassemi-Tary B. Direct- bonding to porcelain: an in vitro study . Am J Orthod
1979:76:80-83.

Gillis 1, Redlich M. The effect of different porcelain conditioning techniques on
shear bond strength of stainless steel brackets. Am J Orthod Dentofac
Orthop 1998 114:387-392.

Greeff CL. Shear bond strengths of orthodontic attachrnents to etched porcelain.
Master's Thesis, University of Pretoria, 1996.

Hondrum SO. A review of the strength properties of dental ceramics. J Prosthet
Dent 1992;67:859-865.

Jardel V, Degrange M, Picard B, Derrien G. Correlation of topography to bond

strength of etched enamel. Int J Prosthodont 1999; 12 :59-64.

Johnson RG. A new method for direct bonding orthodontic attachments to
porcelain teeth using a silane coupling agent: an in vitro study. Am J Orthod
1980:78:233-234.

Kao EC. Boltz KC. Johnston WM. Direct bonding of orthodontic brackets to
porcel ain laminate veneers. Am J Orthod Dentofac Orthop 198 8;94:4S 8-468.

Kao EC. Johnston WM. Fracture incidence on debonding of orthodontic brackets
from porcelain veneer laminates. J Prosthet Dent. 199 1;66:63 1-637.

Katona TR. The effects of load location and misallignment on shear / peel testing

-

of direct bonded orthodontic brackets a finite element model. Am J Orthod

Dentofac Orthop 1994; 106:395-402

Katona TR. A cornparison of the stresses developed in tension, shear peel, and
torsion strength testing of direct bonded orthodontic brackets. Am J Orthod
Dentofac Orthop 1997;112:244-25 1.

Kusy. W. Commentary on Dr. Wiltshire's article: When is stronger better?. Letter
to editor. Am J Orthod Dentofac Orthop 1994; 106:17A.

Lee-Knight CT, Wylie SG, Major PW, Glover KE, Grace M. Mechanical and
electr~thexmaidebonding: Effect on ceramic veneers and dental pulp. Am I Orthod
Dentofac Orthop 1997;112 :263-270.

Major PW. Koehler JR, Manning KE.24-hour shear bond strength of metal
orthodontie brackets bonded to porcelain using various adhesion promoters. Am J

Orthod Dentofacial Orthop. 1995;108:322-329.

Matsumura H, Kawahara M, Tanaka T, Atsuta M. A new porcelain repair system
with a silane coupler, femc chloride, and adhesive opaque resin. J Dent Res
l989;68:8 13-838.

Mohl ND. Mastication. In: Mohl ND, Zarb GA, Carlsson GE, Rugh JD, editors. A
testbook of occlusion. Chicago: Quintessence Books; 1988. p. 143- 152.

Nebbe B, Stein E. Orthodontic brackets bonded to glazed and deglazed porcelain
surfaces. Am J Orthod Dentofac Orthop 1996; L O9:43 1-436.

Newman GV. Bonding to porcelain. J Clin Orthod i 983; 1753-55.

Newman SM, Dressler KB,Grenadier MR. Direct bonding of orthodontic brackets
to esthetic restorative materials using a silane. Am J Orthod Dentofac Orthop
1984;86:503-506.

Powers JM, Hwa-Bong K, Turner DS. Orthodontic adhesives and bond strength
testing. Seminars in Orthod 1997;3: 147-156.

Proffit WR. Contemporary fixed appliances. In: Profit WR, editor. Contemporary
orthodonties. St. Louis:Mosby; 1993. p.342-375.

Retief DH. Failure at the dental adhesive-etched enamel interface. J Oral Rehabil
1973;1 365-284.

-

Reynolds IR. A review of direct orthodontic bonding. Br J Orthod 197512:1 7 1
178.

Smith GA, McInnes-Ledoux P, Ledoux W R and Weinberg R. Orthodontic
bonding to porcelain - bond strength and refinishing. Am J Orthod Dentofac
Orthop l988;94:245-252.

Soderholm KJM. Correlation of in vivo and in viîro performance of adhesive
restorative materials: A report of the ASC MD 156 Task Group on Test Methods
for the Adhesion of Restorative Materials. Dent Mater 1991;4:74-83.

Sorensen JA, Kang SK,Avera SP. Porcelain-composite interface microleakage
with various porcelain surface treatments. Dent Mater 1991;7: 118- 123.

Stangel 1, Nathanson D, Hsu CS, Shear strength of the composite bond to etched

porcelain. J Dent Res 1987;66: 1460- 1465.

Stokes AN. Hood JAA, Tidmarsh BG. Surface preparation for bonding to
porcelain and gold. Austr Orthod J l986;9:32 1-323.

Stokes AN, Hood JAA, Tidmarsh BG. Effect of 6-month water storage on silanetreated residporcelain bonds. J Dent 1988;16:294-296.

Suh BI. All-Bond - Fourth Generation Dentin Bonding System. J Esthet Dent

1991;3:135-147.

Van Noort R. Principles of adhesion. In: Van Noort, editor. Introduction to dental
materials. St. Louis:Mosby.pd 1-7 1.

Voss A, Hickel R Mokner S. In vivo bonding of orthodontic brackets with glass

ionomer cernent. Angle Orthod l993;63: 149- 153.

Whitlock BO, Eick JD, Ackerman RI, Glaros AG, Chappe11 RP. Shear strength of
ceramic brackets bonded to porcelain. Am J Orthod Dentofac Orthop
1994;106:358-64.

Winchester L. Direct orthodontic bonding to porcelain: an in vitro study. Br J
Orthod. 1991;18:299-308.

Wood DP, Jordan DC, Way DC, Galil KA. Bonding to porcelain and gold. Am J
Orthod l986;89: 194-205.

Yen TW, Blackman RB, Baez RJ.Effect of acid etching on the flexural strength of
feldspathic porcelain and a castable glass ceramic. J Prosthet Dent 1993;70:224233.

Zachrisson BU, BUyükyilmaz T. Recent advances in bonding to gold, amalgam and
porcelain. J Clin Orthod l993;27:661-675.

Zachrisson YO, Zachrisson BU, Buyukyilmaz T. Surface preparation for
orthodontic bonding to porcelain. Am J Orthod Dentofacial Orthop. 1996; 1O9:42O430.

