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Areas Requiring Further Research
In Testing of Orthodontic
Shear Bond Strengths

JOSE C. DE CASTRO, DDS, MOrth

heintroduction in 1955 of acid etching asasim-

ple method of increasing the adhesive capability
of enamel surfaces|ed to anew erain orthodontics.t
Direct bonding of brackets, reported in 1965 by
Newman?z and then in 1967 by Mitchell 2 became
one of the most val uable procedures ever introduced
in terms of reducing both orthodontic treatment
time and chairtime, aswell asallowing better oral
hygiene during treatment.

Since then, so many tests of the shear bond
strengths of orthodontic adhesives have been pub-
lished that one might conclude no further research
is necessary. On the contrary, this article suggests
new approaches for future studies.

Adhesive Strength and Enamel Damage

Precious time is devoted in any busy ortho-
dontic practice to removing adhesive remnants
from enamel surfaces and replacing debonded
brackets. Since enamel islost whenever itis etched
or adhesiveresidueisremoved,* these repeated pro-
cedures can lead to tooth damage, adding to the
problems of unbal anced forces and potential soft-
tissue injuries from incompl ete appliances.

Dr. Castro is in the private practice of
orthodontics at Rua Padre Anchieta 621,
Sao Vicente, SP 11310-040, Brazil; e-
mail: drcastrojc@uol.com.br.

VOLUME XLI NUMBER 3

Orthodontic adhesives and attachments should
be capable of withstanding normal forces of masti-
cation, loads exerted by archwires, and even some
abuse by the patient. Any orthodontic adhesive
should produce clinically acceptable shear bond
strengths while permitting bracket removal without
damage to the enamel surface.>® The minimum
acceptable shear bond strength for orthodontic pur-
poses is between 5.88 and 7.85 MPa, as recom-
mended by Reynolds.?° The maximum bond strength
should be less than the fracture strength of enamel,
whichisat least 16 MPa!! Tests of ceramic brack-
ets, however, have consistently noted enamel frac-
turesin debonding, dueto thelack of ductility inthe
bracket bases compared to stainless steel 81214

In vitro testing by universal machines capa-
ble of continuous|oading has found that with acid
etching and composite resin systems, the weakest
link isthe bracket-resin interface.51521 Therefore,
the practice time consumed in replacing missing
brackets could be reduced if more bonding studies
were directed at obtaining better adhesion to the
bracket base or, in areas such as the upper incisors,
areduced adhesion of the bonding material to the
enamel. Thiswould allow even ceramic bracketsto
be removed so that most of the adhesive remained
on the base, without causing enamel damage.2

Standardization of Testing Methods

Many authors have concluded that tests of
shear bond strength are difficult to compare because
of thelack of standardized methods and measure-
ments.227 A number of variables are involved
when human or bovine teeth are tested in vitro,
including the larger crystal grains of bovine teeth,
storage time, storage media, contour variations, and
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differences in enamel surface composition.? In
addition, failure rates are different in different
areas of the mouth and with different bonding
methods and materials, including a variety of
brackets and molar tubes.

Two major factors must be isolated when
testing orthodontic bonds: the adhesion of the
composite resin to human enamel and the adhesion
of the attachment base to the composite resin. In
shear bond strength testing, especially with metal
brackets, the bracket-resin interface often fails
before the load reaches the level of failure at the
resin-enamel interface.

Pickett and colleagues found that shear bond
strengths are significantly higher in vitro than they
are after comprehensive orthodontic treatment in
vivo.? Linklater and Gordon found no significant
relationship between in vivo bond failure rates
and laboratory testing results, with posterior brack-
ets showing more failures in a clinical environ-
ment. One hasto conclude that if bench tests more
closely replicated clinical conditions, laboratory
results would be more reliable.

Bisharaand colleagues found asignificant dif-
ferencein shear bond strengths between groups test-
ed at crosshead speeds of 5mm/minute and
.Smm/minute.3: The mandible is capable of chew-
ing as fast as 200mm/second,3 which is much
faster than the standard strain rate of .75 + .30mm/
minute recommended by the SO for testing bond-
ed specimens.® [n any case, the | SO parametersare
designed for testing adhesion to tooth structure, not
for testing orthodontic attachments with two dif-
ferent adhesive interfaces. Using the hand-grip
muscular contraction forces on adapted pliers
would allow testing with speeds as high as
300mm/second, depending on the load,3* which
would better approximate the closing velocity of
the mandible during actual chewing.

A standardized, economical, and accessible
synthetic substrate closely resembling human tooth
enamel in adhesion to composite resin would be
highly useful for in vitro studies of the bond
strengths of adhesives to metal or polycarbonate
bracket bases. High bond strengths (26.4-29.4
MPa) have been found after acid etching of glass
ceramics with relatively low alumina oxide con-
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tent.35 |n another study where metal bracketswere
bonded to feldspathic porcelain, the highest bond
strengths (15.8 MPa) were obtained when the
ceramic surfaces were sandblasted, with posterior
silane application.3 These studies indicate that
the surface of a synthetic substrate could be treat-
ed to produce a high bond strength at the resin-sub-
strate interface. Any failure would then occur
between the resin and the bracket base, which
would allow more specific testing of bond strength
at that interface.

Conclusion

Future studies of orthodontic shear bond
strengths should focus on the following areas:
1. Bonding systemsand materials, especialy poly-
carbonate bases, with higher bond strengths at the
bracket-resin interface.
2. Adhesives and materials with lower bond
strengths at the resin-enamel interface, permitting
detachment without enamel damage at the end of
treatment.
3. Standardized in vitro testing methods that will
allow bracketsto be debonded with load forces and
head speeds more similar to those found in actual
mastication.
4. Effective synthetic substrates resembling human
enamel in adhesive strength.
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