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Historical Overview of the Development of
he Acid-Etch Bonding System in Orthodontics
. Emile Rossouw

Orthodontic treatment was revolutionized with the development of the acid-

etch technique. This article will provide some historical perspectives of the

evolution of orthodontic bonding as well as refer to some significant research

contributions to the process. In addition current perspectives will be addressed.
(Semin Orthod 2010;16:2-23.) © 2010 Published by Elsevier Inc.
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he Early Years—An Era of Ideas and
ignificant Developments

rthodontic treatment with fixed appliances
requires the proverbial “handle on the

eeth” to enable a force system to be applied to the
eeth. Brackets, either welded to bands or bonded
o enamel, provide these attachments to the teeth.
his article presents an overview of the develop-
ent of bonding over the last 50 years. It:

. Uses the published data to demonstrate how
laboratory and clinical testing has affected orth-
odontic treatment, and most importantly,

. Encourages further investigations and discus-
sions among clinicians and researchers alike.

rthodontic Bands

he development of circumferential bands on
eeth followed an interesting pathway. Edward
. Angle (1907)1 introduced custom clamp
ands of gold to provide attachment for his
dgewise appliance. These were soon replaced
y pinch-fit bands to simplify the arduous task of
ull-mouth banding. This task was further en-
anced as stainless steel was introduced in the

ate 1920s and currently orthodontic bands are
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anufactured from stainless steel. Throughout
his process, dental luting cements for bands
lso evolved and the lineage went from Ames
lack copper phosphate cement, to polycarboxy-

ate cement, zinc phosphate cement, zinc oxide
ugenol cement, and currently the popular lut-
ng cement is glass ionomer cement (GIC) or
ome derivate of the latter.

A visual comparison of bands vs directly
onded attachments illustrates why direct bond-

ng became popular (Fig 1).

cid-Etching of the Enamel

ichael G Buonocore (1955)2 revolutionized den-
istry with his historical paper: “A simple method
f increasing the adhesion of acrylic filling mate-
ials to enamel surfaces” depicting the advantage
f etching and bonding of acrylic to enamel.2 It
orever changed the practice of dentistry. Buono-
ore looked at the painting industry for his ideas
bout bonding to enamel. The painting industry
elied on phosphoric acid and preparations con-
aining this acid to treat metal surfaces, so as to
btain better adhesion of paint and resin coatings,
emove surface and other contaminants, convert
urface metal or oxides to phosphates, promote
dsorption of phosphate groups on the metal, and
ventually enhance this adhesion effect. In prepa-
ation of the dental enamel surface, Buonocore
bserved that various ions and saliva affect the
uperficial enamel surface making it different
rom the underlying enamel, and thus any recep-
ivity of the superficial enamel surface for acrylic

aterial is lost. Buonocore suggested a surface
cid treatment of the enamel, similar to that used

n the paint industry, which he believed would

o 1 (March), 2010: pp 2-23
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3Overview of the Development of the Acid-Etch Bonding System
ender the enamel more receptive to adhesion in
similar manner as metals. He embarked on his

onding research in July 1954 by etching the
namel for 30 seconds with 85% phosphoric acid,
nd then rinsing the surface with water. Drops of
crylic were placed on the etched surface and com-
ared with an unetched surface. The acrylic ad-
ered for a long time on the etched surface; fur-

hermore, it was noted that mechanical force was
equired to debond the acrylic material from the
reviously etched enamel surface. On the con-
rary, the acrylic spontaneously debonded from
he unetched surface.

The acid-etch technique was thus devel-
ped—a contribution that would spearhead nu-
erous additional developments to facilitate

rthodontic treatment, a significant milestone
n orthodontics.

The ease of the clinical management of the
onding process ensured that bonding was a
iable clinical option irrespective of the occa-
ional bond failure. Because replacing loose
rackets is inefficient, time-consuming, and
ostly, the search for better bond strengths, bet-
er adhesives, simpler bonding procedures, as
ell as bonding in moist conditions is ongoing
Note: refer to the article on deproteinization in
his issue of Seminars in Orthodontics).

It is imperative to execute the bonding pro-

ess meticulously to achieve a low failure rate. t
he contemporary bonding process to enamel
ncludes the following steps:

. A thorough prophylaxis to provide a clean
bonding surface

. A 37% phosphoric acid gel or aqueous solu-
tion applied for approximately 15 seconds to
etch and provide a surface for mechanical
retention/bonding (see later in the text)

. Rinsing with copious amounts of water to
remove all acid

. Dry with moisture and oil-free air to show the
frosty, chalky white demarcated etched enamel
surface

. Apply the sealant/primer (preferably filled—see
later in the text)

. Bond the bracket with composite cement un-
der a dry field (autopolymerizing composites
are still in use; however, light-cure or dual-
cure are the preferred choice today)

. Cure the composite; light-curing is the choice
of most clinicians in the modern orthodontic
clinic.

ote that the gel etch is available in different
olors, which not only shows where the etch
aterial is applied, but more importantly, it re-

tricts the flow of the etch material. The gel and
queous solutions show similar etch patterns on

igure 1. A comparison of a (A) contemporary self-
gating fixed orthodontic appliance (Speed System
rthodontics, Strite Industries, Canada); (B) Ceramic
lf-ligation appliance (In-Ovation C, Dentsply GAC
ternational, Bohemia, NY) (C) traditional full-

anded appliance (Unitek, Monrovia, CA) with elastic
-ring ties to secure the arch wire in the bracket slot.

Color version of figure is available online.)
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4 P.E. Rossouw
he Development of Bonding Materials

he basis of bonding materials, the bisphenyl A
lycidyl dimethacrylate (Bis-GMA) resin, was in-
roduced in 1956. It is better known as Bowen’s
esin and aptly named after its inventor, Rafael
. Bowen.3 Bowen launched his research in the
950s and synthesized the Bis-GMA epoxy resin
hich led to the first successful production of a
omposite resin for filling teeth. Acrylic acid was
iscovered in 1843. The earlier acrylic fillings of

he 1940s proved to have been unsatisfactory
ecause they discolored, shrank, contributed to
ulpal inflammation, and allowed extensive de-
ay to recur. Bowen’s product demonstrated
ore stable properties and better cosmetic qual-

ties. Because Bis-GMA could be made to resem-
le the color of natural teeth, it proved espe-
ially useful for restorations in anterior teeth. In
ddition, the color was ideal for bonding orth-
dontic attachments to enamel. Bonding was a
apidly developing technology. Newman (1965)4

ntroduced direct bonding as a viable clinical
echnique in a progress report in the American
ournal of Orthodontics. Subsequently, orthodon-
ic bonding developed as an excellent alterna-
ive to banding, and its popularity increased sig-
ificantly over the next years.

The 1970s brought clarification of bonding
efinitions.

dhesion, Wetting, and Contact Angles

etief et al (1970)5 emphasized that adhesion is
he molecular attraction between surfaces or be-
ween molecules and that this attraction is en-
anced by various forces; that is,

. Physical adhesion by Van der Waal’s forces
and hydrogen bonds, and,

. Chemical adhesion by covalent and electrova-
lent bonds.

These researchers also showed that surface
ontact was important in adhesion. Good sur-
ace contact between bracket base and enamel
urface requires very short distances between the
ase and enamel surface, measured in Ångström
nits; thus, the smaller the distance the better
dapted is the bracket base. Spontaneous adher-
nce is thus possible at an atomic level if this
lose approximation occurs clinically when the

urfaces are brought into contact. However, k
ooth surfaces are not smooth surfaces and the
olecular closeness for successful adhesion is

ubsequently achieved by introducing a liquid
dhesive between the bracket and the enamel
urface. This liquid can be micro- or macro-
lled, and if attracting forces are strong, wetting
ccurs which is expressed as a very thin layer of

iquid or cement distributed in all the surface
revices of the enamel and the bracket base.
his liquid or cement forms a specific contact
ngle with the enamel surface. The smaller the
ontact angle the better the wetting, and thus
he better the adhesion.

ond Strength

etief et al5 also illustrated that fresh adhesive
utperformed a similar old sample; moreover,
his research also emphasized that surface con-
itioning is essential for increased bond
trengths to enamel. An interesting observation
s the unit of bond strength used in this 1970
aper being pounds per square inch compared
ith today’s standard unit, megapascal (MPa).
he normal conversion would be 1 MPa �
45.038 lbs force per square inch. Bond strength
sing the MPa unit is thus a reflection of the
ebond force per unit area (bracket base area).
ond strength is often still measured in kilo-
rams; thus, the MPa equivalent would be the
ilogram force per unit area; that is 1 MPa � 1
g/cm2 � 0.098 07 or 1 kg/mm2 � 9.807 MPa;
lso, 1 MPa � 1 N/mm2 and 1 N/mm2 � 100
/cm2. The modern universal testing apparatus
ill do all these conversions automatically with

he provision that the unit area is provided and
he MPa unit selected. Active treatment can be
nitiated shortly after the bonding process when
ight curing is used; however, with auto polymer-
zing or chemically cured materials one has to
roceed more cautiously before applying a force
o the bonded appliance as these materials nor-

ally take a maximum of 24 hours to reach
aximum bond strength. Conventional labora-

ory bond strength testing has been described in
umerous peer-reviewed manuscripts.6-9 It is im-
ortant to review the methodology before apply-

ng the results of a project clinically. Bond
trength studies, irrespective whether shear
ond strength (SBS) or tensile bond strength
TSB), use the “mechanical mouth,” better

now scientifically as the Universal Testing Ma-



c
m
f
t
u
t
t
b
s
o
o
l
a
t
s
i
v

B

T
t
(
p
m
c
e
f
t
“

B

A
a

F
C
t
o
d
o

5Overview of the Development of the Acid-Etch Bonding System
hine or by the manufacturer’s name, Instron
achine (Instron Corporation, Canton, MA),

or testing. It uses a tooth-bracket specimen at-
ached to a platform to which a force is applied
ntil failure by a debonding apparatus, mostly a

hin blade attached to a crosshead, at set speeds
hat is slow enough to provide standardized
ond strength results (Fig 2). To provide bond
trengths which can be compared between vari-
us studies, recordings are converted to the unit
f choice, the MPa. As noted previously, the

atter takes the base surface area in consider-
tion when the bond strength is calculated. It is
hus imperative to accurately obtain the base
urface for this calculation to facilitate a compar-
son of bonding or debonding results among the
arious bracket sizes.

igure 2. (A) The Universal testing machine repres
anton, MA). The crosshead speed is usually in the ra

ype of experiment. The bond strength is mostly meas
btained) and provided in unit of megapascals (d
ebonding test in the figure shows a blade attached

ccuso-gingivally direction similar to occlusal force in the
racket Mesh Pad

he bracket mesh pad development started in
he 1970s (Fig 3) and bonding with “Durelon”
polycarboxylate) was described. A specially pre-
ared zinc oxide powder mixed with acrylic or
ethacrylic acid resulted in this polycarboxylate

ement, which adhered chemically to dental
namel and could also be used as a luting agent
or bands as well as crowns in restorative den-
istry. This polycarboxylate cement known as
Durelon” was introduced by Smith (1968).10

racket Base Size

n improved bonding technique enhances the
bility for plaque removal by the patient; more-

by a model from the Instron Corporation (Instar,
of 1-5 mm/min, and a 50 N load cell is used for this
in a shear debond mode (shear bond strength [SBS]
ding force per bracket base surface). (B, C)The

the crosshead forcing the bracket to debond in an
ented
nge

ured
ebon
to
mouth. (Color version of figure is available online.)
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6 P.E. Rossouw
ver, soft-tissue irritation and hyperplastic gingivi-
is are also minimized. Research projects were ini-
iated to study a reduction in bracket size (Fig 4).

acColl et al (1998)7 investigated the mean SBS
s base area reduction and surface preparation
hich included untreated, micro-etched, and

and-blasted surfaces. All 3 surfaces behaved sim-
larly when the base area was reduced from 12.35
o 6.82 mm2. The SBS remained fairly stable
etween 12.35 and 6.82 mm2, but showed a sig-
ificant reduction in SBS with further base area
ecreases. However, the SBS remained signifi-
antly higher for the 2 treated base surfaces
ompared with the untreated surface through-
ut the experimental ranges.

Correct bracket positioning enhances the oc-
lusal outcome after treatment. There should be
exibility in the etch area to ensure that the
rackets can be correctly positioned. Etching
nly a base size area limits bracket positioning.
linical experience has shown that a larger
tched area is not detrimental to the enamel;
owever, it is more important to ensure that the
tched area is adequately sealed. Moreover, de-

igure 3. The mesh and early bonding base developm
Color version of figure is available online.)
alcification prevention regimens must be ad- i
ered to and this includes fluoride use and re-
oval of all plaque retentive areas, including

emoval of excess resin flash.

el and Aqueous Solution for Etching

he question is often posed as to which is ideal
or etching of the enamel, gel or aqueous solu-
ions. Urabe et al (1999)8 studied the effect of
arious acids on the bond strength of stainless
teel, ceramic and plastic brackets. It was con-
luded that in general phosphoric and/or ma-
eic acid provide similar bond strength. More-
ver, certain combinations of acid and bracket
ases proved to be ideal; for example, the com-
ination of the stainless steel brackets and the
queous acid solutions showed the highest bond
trengths. In general, the 10% Maleic acid ap-
eared to be an adequate etchant.

The adhesive remnant index (ARI) of Årtun
nd Bergland (1984)11 is another evaluation
ethod incorporated as part of contemporary

ond strength studies (Fig 5). This ARI provides
n assessment of failure site characteristics and is

circa 1970 (Courtesy: Dr PM Dallas, Campbell, TX).
ent
mperative for any bonding study. The ARI pro-
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7Overview of the Development of the Acid-Etch Bonding System
ides insight as to the resin-enamel and resin-
racket interface during debonding; that is,
here the resin fracture occurs and thus infor-
ation as to potential enamel damage (resin-

namel interface) or time required to remove
he excess resin during the debonding process
resin-bracket interface). The ARI scale reads as
ollows: categories 0-3 (0 � no resin on enamel;
� �50%, 2 � �50%; 3 � all resin on enamel).

igure 4. Mean SBS vs base area and surface prepara-
ion. The performance of the treated base surfaces,

icro-etched (short interrupted line), and grit-blasted
long interrupted line) outperformed the untreated
solid line) base surfaces during the bonding experi-
ent. As the base surfaces were reduced, the treated

ase surfaces maintained the edge over the untreated
ases. It appears that when a critical small surface is
ttained, the SBS dropped significantly. (Adapted with
ermission from MacColl GA et al.7) (Color version of
gure is available online.)

igure 5. The adhesive resin index (ARI) is used to d
scanning electron microscopy ) examples to show AR
n enamel after debonding; (B) ARI � 2, more than

ermission from Urabe H et al.8)
ipley (1988)12 and Bishara and Trulove (1990)13

roposed a variation of the ARI with an en-
anced index for bracket debonding noting a
ange between 1 and 5; 1 indicates that all ad-
esive remained on the enamel surface through
, indicating that no adhesive remained on the
namel surface. This index was proposed during
time when especially ceramic bracket use re-

ulted in iatrogenic enamel fractures during
ebonding. The additional categories provided
ore detail with respect to the enamel-resin-

racket relationship.

amage to Enamel

amage to enamel during bonding and debond-
ng is a clinical concern. The minimum damage
ith the maximum clinically useful bond

trength is optimal. Questions of the optimal
tching time and the appropriate acid concen-
ration often arise. Reduction in etching time
nd acid concentration that produce an optimal
ond should be strived for. Sadowsky et al
1990)14 showed no significant difference in the
etention of bonded orthodontic attachments
hat occurred between etching times of 60 or 15
econds, or between the acid concentrations
7% or 15% orthophosphoric acid (H3PO4).
hey thus suggested reducing both the etchant

ibe the fracture site after bracket debonding.11 SEM
terpretation; (A) ARI � 0, shows no resin remaining
resin remains on the enamel surface. (Adapted with
escr
I in

50%
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8 P.E. Rossouw
oncentration and the duration of etching for
rthodontic bonding.

epth of the Etch

egler et al (1990)15 measured the depth of etch
fter the use of:

. acid concentrations: 37%, 15%, and 5% H3PO4

. etching times: 60, 30, and 15 seconds,
respectively.

heir calculated etch depths ranged from 27.1
m with 37% H3PO4 for 60 seconds, and 3.5 �m
ith 5% H3PO4 for 15 seconds. Thus, the
mount of calcium (enamel) dissolved from the
ubsurface zones was minimal with a 15-30 sec-
nds etch and ensured an adequate bond
trength with 37% phosphoric acid. Too long an
tching time reduced the bond strength.

namel Loss

achrisson (2000)16 refers to Mannerberg (1960)17

hen he reports that the normal enamel thick-
ess where the bracket is bonded ranges be-

ween 1500 and 2000 �m. Enamel removal oc-
urs during various processes. For example,
brasive wear removes approximately 2 �m/yr,
outine etching 3-10 �m, enhanced mechanical
nterlocks remove another 25 �m. Thus, a total
f approximately 35 �m is removed in the pro-
ess of bonding and debonding; slightly more
namel can be removed depending on the in-
trument and procedure used for debonding.
he superficial 100 �m of enamel is the fluo-
ide-rich layer. It is apparent that most of the
namel loss is well within the fluoride-rich layer
eaving adequate protection of the remaining
namel.16 Normal healthy enamel is not detri-
entally affected by etching; in general, it is

onsidered essentially a reversible process.14

ontaminants

ontaminants invariably affect bond strength.
ossouw et al (1996)18 evaluated the effect on
ond strength of the obvious contaminants used
uring orthodontic treatment, which included
ental wax, dust powder from gloves, sandblast-

ng powder not properly removed, skin oil, and
aliva. They noted a reduction in bond strength

hen bracket bases were exposed to these con- y
aminants. Great care should be exercised in
racket base management during preparation
or bonding to ensure a successful outcome of
he orthodontic attachment bonding process.

ptimal Bond Strength

etief (1974)19 highlighted the different factors
ith respect to optimal bond strength. He showed

hat enamel fractures can occur with bond
trengths as low as 138 kg/cm2 (13.53 MPa). It is
omparable with the mean linear TBS of 148 kg/
m2 (14.51 MPa) for enamel reported by Bowen
nd Rodriguez (1962).20 The minimum clinically
dequate TBS according to Reynolds (1975)21 ap-
ears to be between 60 and 80 kg/cm2 (5.88-7.85
Pa). It was also shown by Bishara et al (1993)6

hat a mean safe debonding strength should be
ess than 115 kg/cm2 (11.28 MPa). The optimum
ange is thus between 5.88 and 13.53 MPa.

racket Failure

sthetics and hygiene were the driving forces to
roduce smaller appliances (Fig 1). Smaller base
reas were not necessarily better with respect to
ond strength7 (Fig 4). The bond failure rate was
ecorded as between 5% (Keim et al, 2002),22

1.6% (Dreyer and colleagues 1970)5 to 34%
Cavina, 1977).23 Zachrisson (1977)24 reported
ailure rates for the whole treatment period from
% to 10% for central and lateral incisors, canines,
nd first premolars in both dental arches. A 5 year
linical review of bond failure with a light-cured
esin adhesive by Millett et al (1999)25 using data
n 548 patients with 7118 bonded brackets was
nalyzed using a Survival Analysis. No significant
ifferences were recorded between the categories
f malocclusion. An overall failure rate of approx-

mately 6% was measured for this British study
hich compared favorably with that noted in the
nited States.
Bond failures are the result of many factors:

. Technique problems during the acid etching
and bracket bonding procedure

. Resin manipulation during bonding and cur-
ing

. Bracket base design results in retention prob-
lems because of design defects or corrosion.5,9

he specialty of Orthodontics is approaching 50

ears of successful orthodontic bonding with a
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9Overview of the Development of the Acid-Etch Bonding System
ean bond failure rate of approximately 5% in the
nited States. The success rate has prompted most
rthodontists to bond all teeth in the arch. Bond-

ng also reduces arch length need when compared
ith banding of the teeth. Bands are occasionally
sed to attach appliances, such as the headgear or
apid palatal expander, with molar and premolar
eeth being the most often used for this purpose.
ome clinicians also prefer to band at least 1 tooth
n each segment of the arch.

ond Failure Reduced by Bracket
ase Design

he influence of bracket base design or mod-
fication on bonding is of importance as the
roduction of numerous different direct bond-

ng attachments has increased significantly
ver the last 5 decades. Various recondition-

ng techniques were studied for increasing
ond strength: conditioning by green stone,
arbide bur, scaler, and sandblasting.26-33 Sand-
lasting, introduced in 1950s, uses a high
peed stream of aluminum oxide particles pro-
elled by compressed air to increase the
oughness of the bracket bases.34-36 Condition-
ng in most instances enhances bond strength,
ut sandblasting in particular increases the
ond strength.

Smith and Maijer (1983)37 introduced sin-
ered porous metal-coated brackets (Fig 6),
hich appear to be an improvement in bracket
ase design with results showing 100% increase

n bond strength compared with conventional
esh and fewer clinical failures. However, fur-

her development is needed.
Sharma-Sayal et al (2003)9 investigated the

nfluence of orthodontic bracket base design on
BS. A variety of brackets with different base
esigns and gauge sizes were evaluated, which

ncluded untreated foil mesh, micro-etched foil
esh, metal alloy spray-treated bases, nickel-free

njection molded 1-piece micro-etched bases,
nd integral 1 piece micro-etched bracket bases.
hese authors showed that bracket base design

ignificantly affects SBS. Moreover, the results of
his study also indicated that chair-side sand-

lasting significantly affects mean SBS. c
revention of Decalcification or White
pot Lesions of Enamel

namel protection is important and a review of
he published data about white spot lesion for-

ation shows that they are visible within 1
onth in the absence of fluoride treatment;

0% of orthodontic patients may show an in-
rease in decalcification and maxillary laterals
ppear to have the highest incidence of white
pot lesions.38-45 (A complete issue of Seminars in
rthodontics was devoted to this topic—Eser
üfekçi [Guest Editor]: White spot lesions and
namel demineralization in orthodontics. Se-
in Orthod 14:173-226, 2008).
The frosty, white-etched unsealed surfaces are

ery obvious in contrast to the shiny, coated, and
ealed surfaces. Zachrisson (1977)24 referred to
he advantages of sealants as a contribution to

igure 6. (A) Low-power SEM (�25) of a sintered
orous coated bracket base, (B) higher magnifica-
ion (�250) SEM image of the sintered base.
Adapted with permission from Smith DC and
aijer R.37)
aries resistance, increasing bond strength, facili-
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10 P.E. Rossouw
ation of moisture control, and aiding in debond-
ng.

The question of whether sealants seal and, if
o, which seals best was addressed by Joseph and
ossouw (1990)46 in a study on the use of vari-
us fissure sealants in an endeavor to prevent
ecalcification. Brackets bonded to a sealant ex-
ibited SBS equal to, if not higher than, the
tandard method of bonding. Moreover, the
racture sites of the fissure-sealed teeth also ap-
eared more at the resin-enamel interface with
n added advantage of less cleaning of the tooth
urface after debonding. Scanning electron mi-
roscopy (SEM) images of the sealed enamel
urfaces showed ample resin tags protruding
nto the etched enamel surface (Fig 7).47 An
nteresting phenomenon was found by Joseph et
l (1994).48 The sealed surfaces in this latter
tudy were treated with Transbond light-cured
ealant (3 M Unitek, Monrovia, CA) and were
ompared with surfaces treated with an auto-
olymerizing sealant. Only the light-cured sur-

aces were sealed. The auto-polymerizing sealant
ured only where oxygen inhibition occurred in
he deeper layers, the superficial or thin layers
ashed away and left the surfaces unsealed and
xposed to decalcification agents.47

Appropriate oral hygiene, enamel sealing,
nd fluoride application to a great extent pre-
ent decalcification in contemporary orthodon-
ics; however, irrespective of all these efforts to
ombat white spot lesions decalcification still
ccurs. Superficial decalcification may disappear

igure 7. SEM image of a sealed enamel surface.
ote resin tags showing after acid treatment to re-
ove enamel. The classic etch pattern of the enamel

urface is visible where the enamel was not sealed.

LAdapted with permission from Joseph VP et al.47)
ver time; the mineral of the dental enamel is in
quilibrium with its environment and saliva con-
ains all the necessary elements for hydroxyapa-
ite crystal growth. In the natural state, deminer-
lization and remineralization takes place
ontinuously. An excellent example of this is the
aturation of tooth enamel that occurs shortly

fter a tooth erupts. Examination of a group of 9
ears old children revealed 72 carious white le-
ions, which were carefully recorded.49 Backer-
irks (1966)49 reevaluated the sample 6 years

ater; 50% of those lesions had disappeared, in-
erring that remineralization had taken place.
emineralization varies considerably from sub-

ect to subject, and from site to site in the mouth.
These studies have shown an average reminer-

lization of 20%-30% over 2 weeks (measured as
ercent mineral change). Sometimes the amount
f remineralization cannot totally overcome the
mount of demineralization even with an effective
gent present. Wilmott (2008)50 showed that after
emoval of a fixed orthodontic appliance, some
egression of postorthodontic lesions is known to
ccur provided other etiologic factors are favor-
ble. Moreover, Joseph et al (1992)51 indicated
hat removal of white spot lesions can be facilitated
y conservative superficial acid stripping which has
een proven to be a safe procedure. This proce-
ure is an adjunct development of the acid-etching
rocedure. Polishing with up to 10 5-second appli-
ations per clinical session (the number depends
n the extent of the superficial white spots) using
n acid and pumice slurry showed adequate elim-
nation of superficial white spot lesions; a total less
han 50 seconds (5 seconds � 10 applications as
oted) ensured decalcified enamel removal well
ithin the fluoride-rich 100-�m outer layer. The
sthetic outcome of this technique revealed nor-
al enamel without the decalcification or white

pot lesions.
Studies on the development and manage-

ent of decalcification were undertaken by nu-
erous researchers during the era of the ad-

ancement of orthodontic bonding.
Bryant et al (1985)52 showed that after appli-

ation of the topical fluorides, acidulated phos-
hate fluoride (1.23%; Luride Phosphate, Da-
ies Rose, Needham, MA), freshly prepared 8%
tannous fluoride (SnF2;), topical fluoride var-
ish (Duraphat; Woelm Pharma, Eschwege, Ger-
any), or Fluor Protector (Vivadent, Schaan,

iechtenstein) enamel surfaces acquired fluo-
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11Overview of the Development of the Acid-Etch Bonding System
ide from the topical fluoride agents, and the
ond strengths to these surfaces were not signif-

cantly different. These authors concluded that
he application of topical fluoride 7 days before
onding will not have an adverse effect on bond
trength. Moreover, Thornton et al (1986)53

howed that fluoride in the etching solution re-
ulted with similar enamel etch patterns as etch-
ng solutions without fluoride, and thus did not
ffect the bond strength. A fluoride-releasing
esin was used by Underwood et al (1989).54 The
atter indicated a 93% reduction in the first
tages of enamel alteration and the resin also
erved as a promising fluoride exchanging me-
ium which could serve as a caries prevention
gent.

A recent study by Benham et al (2009)55 used
highly filled (58%) pit and fissure clear sealant
ltraseal XT Plus (Ultradent Products, Jordan,
tah) to evaluate the sealant’s efficiency of pro-

ecting against demineralization. The sealant
rovided a significant reduction in enamel
emineralization during fixed orthodontic treat-
ent, and the authors recommended that clini-

ians should consider the use of a filled sealant
efore bracket bonding to minimize white spot

esions. In addition, the authors concluded that
he highly filled light-cured sealant effectively
esisted mechanical abrasion and remained well-
ttached throughout the treatment. Moreover,
an Bebber (2009) evaluated 3 different filled

ealants and a control (no sealant; 18%; 30%
nd 50% filled) applied to enamel surfaces ex-
osed to toothbrush abrasion and acid exposure
phosphoric acid similar to that in soft drinks),
nd also showed that filled sealants provided
namel protection.56

ther Methods of Enamel Conditioning

ther methods of enamel conditioning were in-
estigated in an effort to replace acid-etching and
hus reduce enamel loss during etching.

a) Enamel air abrasion showed significantly
lower bond strength and thus was not advo-
cated as an enamel conditioner to replace
acid etching.57

) The phenomenon of crystal growth (Fig 8)
was examined by several researchers.58-62 Po-
tential advantages of the crystal growth tech-

nique included minimal loss of surface
enamel shown by SEM, and debonding and
cleanup were greatly facilitated. Årtun and
Bergland (1984) used the conventional acid-
etching pattern after an application of 37%
H3PO4 to show the significant difference of
the crystal growth pattern after crystal growth
conditioning with an ion solution containing
1% sulfuric acid buffered to pH 1.5 and 15%
anhydrous sodium sulfate for 90 seconds.11

However, Årtun and Bergland (1984)11 con-
cluded that it is a very sensitive procedure
and not a viable bonding option. Nearly all
the brackets came loose during the first 2
weeks. An interesting observation was noted
by Maijier and Smith (1986)62 who claimed
that the solution used by Årtun and Bergland
(1984)11 was not according to their prescrip-
tion, hence, the disappointing results. Maijer
and Smith62 used 40% polyacrylic acid with
3.8% sulfate ions applied to the enamel for 4
minutes. This solution resulted in the growth
of calcium sulfate dehydrate crystals. The
crystals in turn retained the resin adhesive.
However, the bond strength was relatively
low. This technique was not clinically practi-
cal and never gained popularity.

c) Combined acid and primer or the “lollipop
method” was tested by Bishara et al (1998).63

Their results showed debonding forces com-
parable to both phosphoric acid (11.8 � 4.1
MPa) and maleic acid (10.9 � 4.4 MPa).
Fracture sites showed less residual adhesive
remaining on the tooth, which is an advan-
tage to the clinician as it requires less time to
clean the teeth after debonding.

) Direct bonding provided the clinician with so
many options that many clinicians bonded all
the teeth; however, the second molar areas in
particular created moisture-control problems
in many instances. The need for a moisture-
insensitive bonding material existed. Silver-
man et al (1995)64 and Coups-Smith et al
(2003)65 used glass ionomer cements (GIC)
and resin reinforced GICs to test bonding in
moist environments. GIC serves as a reservoir
of fluoride, thus reducing the cariogenic po-
tential of plaque. These studies showed that
clinically sufficient SBSs can be obtained us-
ing the GIC in a wet environment. Wet or dry
bonding was better when conditioned with
polyacrylic acid before bonding. Fricker

(1992)66 conducted a clinical trial compar-
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12 P.E. Rossouw
ing a conventional composite bonding adhe-
sive with a GIC for direct bonding of orth-
odontic attachments. After 12 months, he
recorded a failure rate of 20% for the GIC
and 5% for the composite cement.

namel Bleaching

sthetic dentistry developed as rapidly as the
irect bonding procedure as patients pursued
traighter and whiter teeth. The question was
osed whether enamel bleaching is acceptable
efore bonding. Miles et al (1994)67 reported
hat bleaching before bonding reduced bond
trengths and is not recommended. They recom-
ended that bleaching should be discontinued

t least 1 week before bonding to avoid bond
ailures. In contrast to their results, Bishara et al

igure 8. A comparison of crystal growth to conve
onditioning methods: (A) after acid etching 37% H
olution containing 1% sulfuric acid buffered to pH
Adapted with permission from Årtun J and Bergland
1993, 2005, respectively)68,69 reported that f
ome-bleaching or in-office application do not
ppear to affect the SBS of orthodontic brackets.

ral Hygiene

rthodontic bracket systems are consistently im-
roving with the addition of the smaller direct
onding appliances, including self-ligating ap-
liances (MacColl et al 1998).7 These small self-

igating appliances have less plaque retention
reas and also eliminate the plaque attracting
lastic ties to entrap the arch wire (Fig 1). In
ddition, bonding techniques have significantly
mproved in an effort to enhance the hygiene
rocess. Direct bonding of orthodontic brackets
as thus, in general, resulted in an improved
ral environment.5,70-74 Furthermore, the ability

nal acid etch-SEM appearance � 1000 after the 2
4; (B) after crystal growth conditioning with an ion
and 15% anhydrous sodium sulfate for 90 seconds.
)

ntio
3PO
1.5
or plaque removal by the patient is enhanced,
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13Overview of the Development of the Acid-Etch Bonding System
inimizing soft-tissue irritation and hyperplastic
ingivitis.5,75

Regardless of all the efforts to provide ade-
uate hygiene care, compliance with the hy-
iene protocol is still neglected and decalcifica-
ion remains a problem. White spot lesion
nd/or decalcification development still occurs
requently. Filled sealants, as previously noted,
ithstand the effects of mastication and abra-

ives in toothpaste during tooth brushing.
herefore, it is essential to protect the enamel

urface against decalcification throughout the
rthodontic treatment period with this proce-
ure of filled sealant protection as the treatment
eriod often extends beyond 2 years.55,56

ytotoxicity

hompson et al (1982)76 observed that signifi-
ant amounts of unpolymerized material re-
ained in cured orthodontic bonding resins
hich could readily leach out by aqueous solu-

ions, such as saliva, water, soda water, and eth-
nol solutions. Direct-bonding agents thus inad-
ertently come in contact with skin, oral mucosa,
nd gingiva. However, they noted that resin
onomers were not leached from cured speci-
ens by aqueous solutions containing citrate.
hompson et al76 evaluated the resin materials
xtracted by test solutions and demonstrated
sing ultraviolet spectrophotometry that ethanol
nd dimethyl sulfoxide preferentially extracted
aterial which absorbed light in the range of

65-280 nm. They further used animal studies to
etermine whether the components of orth-
dontic bonding resins could pose a real hazard
o either the clinician or the patient. The unpo-
ymerized material extracted from cured orth-
dontic bonding resin was analyzed and under
ertain conditions, substantial amounts of the
aterial (approximately 14%) were leached

rom bracketed teeth. Allergy sensitivity to espe-
ially the unpolymerized resin is a reality.76-81

he enforcement of gloves as part of clinical
ractice has reduced this resin skin sensitivity
roblem for the clinician and staff.

The possible carcinogenicity of these unpoly-
erized materials was also noted by Thompson

t al. It was thus concluded that it is essential to
nsure that all resin is completely cured. Jonke
t al (2008)82 evaluated the cytotoxicity of 4

esin systems. The chemically cured orthodontic f
dhesive showed a high cytotoxic potential,
hereas the light-cured bonding systems had a
ell toxicity potential at a level significantly
ower. After 7 days of preincubation, all systems
ere significantly less cyotoxic than fresh speci-
ens (P � 0.001). All bonding systems showed a

linically satisfactory bond strength higher than
0 MPa, with the chemically cured system show-
ng the lowest SBS. They also experimented
gain with a 2-step bonding system with a self-
tching primer and because etching liquid was
nnecessary, concluded that the application of
he 2-step bonding system is safer for the pa-
ient.82

ight-Cure Bonding

ight-cure bonding with its light-polymerized
dhesives was introduced by Tavas and Watts
1979, 1984).83,84 Their laboratory trials con-
luded that light-cured materials compared fa-
orably with chemically cured adhesives. The
ewest addition to the various light sources is

he light-emitting diode (LED) devices.85,86

tahl et al (2000)87 described the advantages of
EDs, which included light emitted in narrow
avelengths ideally matched that of cam-
horquinone (470 nm); no light emitted in the
ltraviolet or infrared range, thus no filters or
ans required; LEDs are cordless and thus easy to
andle; the LED lights are resistant to vibration
hich secure long life spans, and little power
egradation (mW). Light curing increased the
fficiency and predictability of the bonding pro-
ess and in addition introduced new terminol-
gy to the orthodontic dictionary. Fujibayashi et
l (1998)88 pointed out that the LED at a wave-
ength of 470 nm produced a deeper cure and
reater hardness than a quartz-tungsten halogen
QTH) light source at 10, 20, 40, and 60 seconds
hen both were adjusted to 100 mW/cm2. More-
ver, more conversion of monomer to polymer
ccurred with the LED than with QTH. In a
ower density comparison of light sources,
unn and Taloumis (2002)85 and Bishara et al

2003)89 showed that the LED unit of lower
ntensity was more efficient than QTH units of
he same or higher intensity. No statistically sig-
ificant difference was found in mean SBS.

Gronberg et al (2006)90 evaluated the mean
BS vs curing time (5-40 seconds) and distance

rom the curing light source (1-10 mm).90 No
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14 P.E. Rossouw
istance effect was detected, but a significant
ime effect was noted. The SBS increased in a
urvilinear manner; that is, fewer increases oc-
urred at higher exposure times. All the re-
orded SBS exceeded the minimum clinically
cceptable levels of bond strength. Reynolds21

eported a minimum bond strength for clinical
uccess to be 6 MPa.

onding to Old and Young Teeth

ond strength to younger and older permanent
eeth was evaluated using etching times of 15
nd 60 seconds.91 Sheen et al (1993)91 observed
o significant difference in TBS between 15 and
0 seconds in younger or older permanent
eeth. However, regardless of etching time, the
ond strength of the older permanent teeth
as greater than that of the younger teeth. No

tatistically significant differences in the
ebonding interface were noted among
ounger and older permanent teeth with 15-
r 60-second etching. Enamel detachment was
ound only at etching times of 60 seconds. The
uthors recommended that to reduce enamel
estruction and save chair time, 15-second
tching on either younger or older permanent
eeth appears adequate.

onding to Nonenamel Surfaces

onding to gold and porcelain (Fig 9) was en-
anced by silane coupling agents. Wood et al
1986)92 showed that porcelain conditioned
ith silane-coupling agents produced bond

trengths similar to mechanical retention ob-
ained by acid-etching of enamel. Various metal
ond enhancers are available today which en-
ance bonding to gold and amalgam surfaces.
here are no reservations in roughening these

urfaces before bonding as both, and especially
old, are easily and highly amenable to repolish-
ng; moreover, diamond paste restores the “orig-
nal” finish.

Bond strength to amalgam can exceed that to
namel, as illustrated in a study by Sperber et al
1999).93 It was especially the restorative type
esins, such as Panavia EX (J Morita USA, Inc.,
ustin, CA) bonded to a sandblasted amalgam

urface that showed the strongest SBS (Fig 10).

his type of bonding is often experienced in the d
dult patient who has had extensive restorative
reatment.

rthodontic Bracket
emoval—Debonding

n the earliest studies, methods such as application
f a few drops of chloroform was sufficient to
islodge the brackets for removal after bonding
ith an epoxy-resin adhesive.5 Debonding mecha-
isms and procedures have significantly evolved
ver the years. Orthodontic bracket removal
sing conventional (mechanical) and ultrasonic
ebonding techniques can lead to enamel loss,
nd according to Krell et al (1993)94 it is also
ime-consuming. Electrothermal debonding was
resented as an option by Lee-Knight et al
1997)95; moreover, they showed that it provided
redictable debonding with no ceramic veneer
amage and minimal risk to the pulp when

igure 9. (A) Frontal and (B) occlusal views of fixed
ppliances bonded directly to enamel, porcelain, and
old. (Color version of figure is available online.)
ebonding ceramic brackets. However, the best



a
t
d
o
s
t
u
d

b
t
d
r
e
i
o
e

F
i
l
s
b X, J

F
a
f
i

15Overview of the Development of the Acid-Etch Bonding System
nd safest results are normally attained following
he manufacturer’s recommended instructions for
ebonding. This process is well described by The-
dorakopoulou et al (2004)96 in their debonding
tudy producing safe and effective debonding of
he esthetic brackets Clarity (3 M Unitek, CA)
sing a pair of Weingart pliers as well as a special
ebonding instrument for Inspire (Ormco, CA)

igure 10. Bonding to amalgam can be successfully
llustrations portray the adhesion/cohesion fracture o
esion illustrates a cohesive fracture within the amalga
urface. This strong bond to amalgam was attained
onding using a restorative resin material (Panavia E

igure 11. (A) Von Mises stress distribution in ename
ny red coloring which normally shows the high ia
racture.97 (B) Von Mises stress distribution in ena

ndicating stress areas which are possible enamel fracture
rackets. Rossouw and Terblance (1995)97 used
he finite element analysis to illustrate how
ebonding decisions should be made. Their study
ecorded the Von Mises stress distribution in
namel after debonding (Fig 11). The shear-torqu-
ng debonding showed the least traumatic effect
n enamel versus tremendous opportunity for
namel trauma during tensile debonding.

mplished as shown by Sperber et al (1999).93 The
amalgam surface. (A) Note the triangular amalgam
) with the mirror image attached to the bracket base

rit-blasting the surface of the amalgam followed by
Morita USA, Inc., CA).

r a shear debonding procedure. Note the absence of
enic debonding stress resulting in possible enamel
after tensile debonding. Note the red color areas
acco
f the

m, (B
by g
l afte
trog
mel
areas.97 (Color version of figure is available online.)
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16 P.E. Rossouw
After successful debonding, the enamel sur-
ace often shows resin remnants. The enamel
urface can easily be damaged after removal of
his residual resin after debonding. Tungsten
arbide fluted burs are recommended for fin-
shing. Retief and Denys (1979)98 used a 12-
laded tungsten carbide bur at high speed to

igure 12. (A) Lower incisor crowding is a natura
reatment where individuals neglected to adhere to
ommon method to maintain lower incisor alignment
Color version of figure is available online.)

igure 13. In the instance where posttreatment revis
2A can be corrected by a combination of space
rthodontic alignment. (A) The acid-etch technique a
namel removal. Enamel polishing with diamond di
ddition of 37% phosphoric acid to the polishing pro

moothness after the acid-etch procedure.104,105
emove the excess resin followed by graded
olishing disks and a water slurry of pumice to
estore the enamel glaze. Rouleau, et al
1982)99 recommended a tungsten ultra fine
arbide bur at high speed with water spray to
rovide the smoothest enamel surface. Camp-
ell (1995)100 provided a clinically useful pro-

currence which is also seen following orthodontic
ainer protocol. (B, C) A bonded fixed retainer is a
ever, (C) hygiene maintenance can be problematic.

s required the incisor irregularity as shown in Figure
tion through interproximal enamel reduction and
s in obtaining a smooth enamel surface (B) after the
nd 3M disks versus the use of the latter disks and
re is illustrated in the SEM images. Note the enamel
l oc
a ret
; how
ion i
crea
ssist
sks a
cedu
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17Overview of the Development of the Acid-Etch Bonding System
ocol following the outcome of his study com-
aring the 30- vs 12-fluted carbide finishing
ur. The enamel surfaces after orthodontic
racket debonding were evaluated using scan-
ing electron micrographs. The protocol in-
luded using the 30-fluted tungsten carbide
ur in a high speed hand piece to remove
xcess resin, followed by Enhance points and
ups (Caulk/Dentsply, Milford, DE) to remove
ross scarring, and then a water slurry of fine
umice to smooth the surface with a subse-
uent series of brown and green cups (Bras-
eler, Savannah, GA), then dry for a highly
nished polished surface. The ultimate goal is

o attain a smooth enamel surface resembling
he original surface. Eliades et al (2004)101

lso pursued this goal and tested an 8 bladed
arbide bur versus an ultra fine diamond bur
o remove the remaining composite after re-

oval of the orthodontic fixed appliances.
liades et al showed no significant difference
etween the two methods because both re-
ulted with a smooth enamel surface as an
utcome. However, they reported that they
ook half the time to reach the same result
ith the ultra fine diamond bur.
ther Roles of Acid-Etching in
rthodontics Besides Bracket Bonding

andibular incisor crowding after correction
eeds to be maintained by either fixed bonded
etainers or removable retainers (Fig 12 A and B).
onding a fixed retainer is selected by many
linicians; however, the fixed bonded retainer
ften has hygiene concerns, such as calculus
eposits (Fig 12B). Appropriate hygiene and

ong-term maintenance of the fixed retainer is
hus important. Eslambolchi et al (2008)102

howed that mandibular incisor irregularity
eems to be a phenomenon that occurs
hroughout life and particularly in the post-
reatment occlusion. Interproximal enamel
tripping or reapproximation (IPR) is often
sed to obtain space during post-treatment revi-
ion of the alignment of irregular lower incisors.
he IPR ensures that space is created; however,

he procedure results in scratches remaining on
he enamel surface. Acid-etching can be an ad-
ition to the IPR procedure to assist in providing
smooth surface after the initial abrasive pro-

edure.103 Joseph et al (1992)103 and Rossouw
nd Tortorella (2003)104,105 used diamond

igure 14. The (A) pre- and (B) posttreatment im-
ges of a deep bite correction using the bracket posi-
ons to facilitate the bite opening treatment. (C)
ote that the brackets were bonded more to the in-

isal edge on the maxillary incisors; the arch wire is
ingival to the bracket and engaging the wire into the
racket slot has an immediate intrusive action. (Color
rsion of figure is available online.)
F
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18 P.E. Rossouw
isks and 3M disks (3M Unitek, CA) for the IPR
lus an etchant, 37% phosphoric acid, to ensure
smooth enamel surface as an outcome of the

namel-stripping procedure. The authors also
sed another method where the mechanical re-
oval was enhanced by an abrasive powder in a
ater-soluble gel combined with a mildly con-
entrated form of hydrochloric acid (Prema
namel microabrasion kit, Prema Dental Prod-
cts, King of Prussia, PA). All the experimental
amples with the added etchant showed dur-
ng a SEM assessment that the treated enamel
urfaces were equal to that of a smooth normal
namel surface (Fig 13). It is recommended
hat clinicians follow the recommended enam-
l-stripping method of teeth by fluoride appli-
ation.

igure 15. Use of the chemical bond characteristic
ecessary, the glass ionomer cement is placed on the e
lock to open the bite during cross-bite correction, ver
s a bonus it serves as a fluoride reservoir to store an
uring treatment. (Color version of figure is available

igure 16. (A, B) Peg-shaped maxillary lateral incisor
o restore the anatomy through resin bonding afte

ichmond Hill, ON, Canada). (Color version of figure is
Biomechanics has been enhanced by the de-
elopment of the acid-etch technique. A few
xamples from the numerous adjunctive treat-
ents include the following:

. The acid-etch-bracket-bonding technique pro-
vides flexibility in bracket placement; thus, a
bracket can be bonded in any predetermined
position on the enamel to aid in planned
tooth movement; for example, more incisal
bonding for intrusive tooth movements (Fig
14).

. Bite opening treatment can be facilitated
where GIC can be used as a bite block in
place of a laboriously produced biteplate to
open the bite to correct a cross bite (Fig 15).
GIC can be chemically bonded to the occlusal

lass-ionomer cements to enamel. (A) No etching is
el surface followed by light-cure. (B) It serves as a bite
control in combination with mini-screw implants, and
ch fluoride for prevention of enamel decalcification
ine.)

re esthetically restored using the acid-etch technique
hodontic treatment (Courtesy: Dr Lenny Arenson,
of g
nam
tical
d lee
s we
r ort
available online.)
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19Overview of the Development of the Acid-Etch Bonding System
surface after a prophylaxis of the surface.
This procedure is accomplished without any
additional etching because of the character-
istics of the cement. Moreover, the cement
wears away over time without any detrimental
effect on the enamel, and following its use-
fulness can be removed by polishing, similar
to bracket debonding.

. Bonding sections of teeth to harmonize ana-
tomical relations and thus enhance the smile
esthetics after the completion of the active
treatment (Fig 16 A and B); tooth size reduc-
tion using interproximal enamel reduc-
tion—a procedure which also corrects tooth-
size discrepancies (Bolton, 1958).106

. Anchorage in orthodontic treatment can be
attained by various applications. One such
method is to use the projected root surfaces
of teeth to provide the needed resistance

igure 17. (A) A resin band bonded as anchorage to
he lower canine and bicuspids allows a cantilever
pring to be attached to the anchor unit with subse-
uent uprighting, distalizing, intrusion, or mesializing
f the molar without affecting the other teeth; (B)
imilar objective pursued for the maxillary molar.
ote the resin band used to provide anchorage

Courtesy: Dr C. Burstone, Farmington, CT).107

Color version of figure is available online.)
against reciprocal movement of the anchor t
unit; that is, larger surfaces may be used as
anchorage against which smaller surfaces
may be moved. Anchorage reinforcement
can thus take the form of grouping teeth
together to further enlarge the projected
root surfaces and thus increase anchorage.
Such a system can be created by using the
acid-etch technique to bond a resin band to
secure groups of teeth for Anchorage use
(Fig 17).107

he Future

any areas of orthodontics will undergo great
evelopment in the future. Bonding to non-
namel surfaces allows clinicians to bond attach-
ents directly to mini-implant temporary an-

horage devices, a procedure well illustrated by
yung et al (2005).108 The latter adjunct treat-
ent will greatly enhance orthodontic outcomes

n the future. In the pursuit of more esthetic
ppliances, patients often request from orth-
dontists the consideration of clear aligners (In-
isalign, CA) from orthodontists. Certain tooth
ovements using clear aligners are facilitated
ith the addition of various shapes of bonded
ttachments. Each attachment is shaped to pro-
ide a specific type of movement, such as for
xial inclination correction, intrusion, and rota-
ion movements. Thus, more sophisticated tooth

ovement may be a possibility with this rela-
ively simple appliance using the acid-etch-bond-
ng technique. Decalcification still remains a
oncern today and although such procedures as
ealants55,56 are used to combat these white spot
esions, developments are underway to enhance
reatment. New developments include reminer-
lizing agents (Dunn, 2007),109 development
nd testing of an amorphous calcium phosphate
ontaining orthodontic resin cement (Sehgal et
l, 2007),110 and a recently released antibacterial
gent Selenium (ClassOne Orthodontics, Lub-
ock, TX) incorporated into the bonding mate-
ials. These products are in their infancy and
ore testing is required. However, they will af-

ect the future of orthodontic treatment.

onclusions

he acid-etch technique has greatly affected
rthodontic treatment. In a survey of orthodon-

ists in the United States, Gorelick (1979)111
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ound that 93% used bonding of orthodontic
rackets; approximately 17% used indirect
onding. A later survey in the United States by
eim et al (2002)22,112 showed that not only the

ailure rate of bonding was low, but also that
ore than 90% clinicians use direct bonding,

pproximately 10% indirect bonding, 75% re-
laced 1- or 2-paste self-cure systems with light-
ure bonding resins, and the most used etchant
s phosphoric acid.

The purpose of this review was to show how
he development of bonding to enamel influ-
nced research, enhanced treatment, provided
vidence for appropriate clinical decision-mak-
ng, and will continue to affect the future of
rthodontics.
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