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Comparison of shear bond strength of three bonding
agents with metal and ceramic brackets

Biilent Haydar, DDS, MS; Simten Sartkaya, DDS, MS; Zafer C. Cehreli, DDS, PhD

Abstract: Shear bond strengths of a light-cured composite resin, a light-cured glass ionomer cement, and a light-cured
compomer used with metal and ceramic brackets were compared, and ARI scores were evaluated. Ceramic brackets showed
statistically higher shear bond strengths than metal brackets when bonded with all test materials (p<0.001). When used with
metal brackets, the light-cured glass ionomer cement (LCGIC ) and compomer materials demonstrated statistically lower
shear bond strengths than the light-cured composite (p<0.01 and p<0.001, respectively). When used with ceramic brackets,
LCGIC was found to have significantly lower shear bond strength than the composite material (p<0.001). Despite its
relatively low shear bond strength, LCGIC demonstrated optimal bonding values (8.39+3.24 MPa) with ceramic brackets.
Bond failures within the LCGIC groups occurred at the adhesive-tooth interface, whereas in the compomer and composite
groups, failures were detected at the adhesive-bracket interface. In the metal bracket group, clinically acceptable shear bond
strength was obtained only with the composite resin (7.06+1.65 MPa). Compomer and LCGIC demonstrated values well
below the accepted standard for metal brackets (4.32+1.75 MPa and 4.45+1.06, respectively), while in the ceramic bracket
group, values for composite and compomer were above the desired level (14.40+5.88 MPa and 12.31+6.09, respectively).
LCGIC showed reasonably good bond strength with ceramic brackets, suggesting that this material may be considered
suitable for use with ceramic brackets in clinical situations where moisture cannot be controlled.
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ince the introduction of

the acid etching technique by

Buonocore,! direct bonding of
brackets has become widely ac-
cepted by orthodontists throughout
the world. But this technique has
also introduced potential disadvan-
tages, such as enamel decalcifica-
tion*** and subsequent risk of
dental caries. In addition, the
orthodontist must keep the bond-
ing surface dry throughout the pro-
cedure® because contamination by
water or saliva reduces bond
strength dramatically.

Glass ionomer cement (GIC), in-
troduced to dentistry by Wilson
and Kent,® was popularized in
orthodontics by White.” GIC con-
tains a powder similar to that of
silicate cement and a polyacrylic
liquid similar to polycarboxylate
cement. It adheres chemically to
enamel, dentin, nonprecious met-
als, and plastics.”® When bonding
to dental hard tissues, GIC works
by molecular interactions between

the calcium ions in the enamel and
carboxylic groups in the cement.’
Because of this unique property,
GICs do not require acid-etching of
the tooth surface to create
micromechanical retention. Addi-
tionally, they are not susceptible to
moisture contamination.” Another
advantage of GICs is that they re-
lease fluoride for periods of at least
12 months,® and they have the abil-
ity to absorb fluoride topically from

fluoride-containing materials, such
as toothpastes, allowing them to act
as rechargeable fluoride reser-
voirs."'* Fluoride is known to be an
important factor in preventing de-
calcification and white spot lesions
around bonded orthodontic appli-
ances.>'>'* Glass ionomer cements
are marketed in both chemically
cured and light-cured systems.
Compton et al.’ demonstrated that
light-cured GICs produce higher
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bond strengths than chemically
cured products.

Compomers have been intro-
duced with claims that they com-
bine the advantages of glass
ionomer cements and light-curing
composite materials within a
unique chemical formulation. In
fact, they are a single-component
composite resin formed by combi-
ning a composite resin and a glass
ionomer cement. They set initially
with photopolymerization, and
then gradually through diffusion of
water into the set material .7
When set, compomers do not ex-
hibit the typical properties of true
GICs, such as chemical bonding to
tooth structures or fluoride re-
chargeability.?®

Contemporary orthodontic treat-
ment provides a service to many
adults, and the need for esthetic
appliances, such as ceramic brack-
ets, has been proven. However, ce-
ramic brackets pose several clinical
complications, including increased
friction and greater chance of
enamel damage during debond-
ing.?* Ceramic brackets adhere
chemically to enamel, producing
very high bond strengths. With the
recent concern about difficulties
debonding ceramic brackets,” a
logical question would be whether
there is a resin/bracket combina-
tion that will aid in bracket removal
and yet maintain adequate bond
strength.?

Since Kula et al.*® demonstrated
that fluoride ions had no negative
effect on ceramic brackets, GICs
and compomers could be tested for
their bond strengths with ceramic
brackets. The bond strength of ce-
ramic brackets to enamel using
GICs and compomers has not been
investigated previously.

The aim of this study was to com-
pare the shear bond strengths of
three different light-cured bonding
agents: a GIC, a compomer, and a
conventional composite resin, us-
ing both ceramic and metal brackets.
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Materials and methods

Seventy bovine mandibular inci-
sors were collected. Selection crite-
ria included noncarious and intact
tooth surfaces. The teeth were
cleansed of soft tissue, and the
greater portion of the roots were
removed. The clean teeth were
stored in distilled water at room
temperature before being ran-
domly assigned to one of seven test
groups. The facial surface of each
incisor was cleaned with a mixture
of water and pumice using a rub-
ber polishing cup, rinsed with oil-
free water, and air-dried. The teeth
were then embedded in self-curing
acrylic leaving the crowns exposed,
and the specimens were immersed
in water until testing. In each speci-
men, the facial surface of the acrylic
base was trimmed so that it was
parallel to the facial surface of the
tooth and to the plunger of the test-
ing instrument.

Maxillary central metal brackets
(Roth Omniarch, GAC Interna-
tional, Central Islip, NY) and max-
illary central ceramic brackets
(Allure IV, GAC International, Cen-
tral Islip, NY) were used. Allure IV
ceramic brackets were chosen to
test whether fluoride-releasing
agents would compromise the
bonding characteristics of this
brand; the manufacturer warns that
fluoride may compromise bonding
by neutralizing the silane coupling
agent on the base of the bracket.

The bonding agents used were a
light-cured glass ionomer cement
(Fuji Ortho LC, GC Corp, Tokyo,
Japan), a compomer (Compoglass,
Vivadent Dental GmbH, Ellwangen,
Germany), and a light-cured com-
posite resin (Transilluminate,
Ortho Organizers Inc, San Marcos,
Calif), all of which contain fluoride.
In order to further test whether any
differences would be recorded be-
tween the fluoride-releasing com-
posite and a nonfluoridated
composite, a light-cured composite
resin that does not contain fluoride
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(Transbond, 3M Unitek Dental
Products, Monrovia, Calif) was
also tested with ceramic brackets.
The other agents were tested with
both ceramic and metal brackets.

Seven groups were evaluated in
the present study (Table 2). In the
light-cured fluoride-releasing com-
posite resin groups (groups 2 and
5), 20 teeth were acid-etched with
37% phosphoric acid for 30 sec-
onds, rinsed with oil-free air-water
spray for 30 seconds, and dried
with an air syringe. A light-cured
adhesive primer was applied to the
acid-etched surfaces and light-
cured for 10 seconds, according to
the manufacturer’s instructions. A
thin layer of composite (Transillu-
minate) was applied to the bases of
10 ceramic and 10 metal brackets,
which were then pressed onto the
facial surfaces of the teeth using
cotton forceps. Excess material was
removed with an explorer. The
specimens were then light-cured
from the occlusal, gingival, mesial,
and distal aspects for 10 seconds
each, for a total cure time of 40
seconds.

The specimens in group 7 were
prepared as described above, and
Transbond was used to bond 10
ceramic brackets.

Groups 3 and 6 were bonded with
light-cured compomer (Compo-
glass). These 20 teeth were acid-
etched as described previously,
and a thin layer of compomer was
applied to the bases of 10 metal and
10 ceramic brackets, which were
then pressed on to the teeth and
light-cured as described above.

Groups 1 and 4 constituted the
light-cured glass ionomer group.
According to the manufacturer’s
instructions, no acid-etching was
performed, and the enamel sur-
faces were dampened with distilled
water using a brush. A Fuji Ortho
LC capsule was placed in a capsule
mixer and mixed for 10 seconds at
4000 RPM, then applied to 10 metal
and 10 ceramic brackets. Light-cur-



ing was done as described above.

A Visilux 2 (3M Unitek, Mon-
rovia, Calif) light-curing unit was
used for all the specimens tested.
The adequacy of the unit irradiance
was confirmed with a curing meter
prior to photopolymerization.

The teeth were stored in distilled
water for 24 hours at room tem-
perature prior to shear bond test-
ing on a Lloyd universal testing
machine (Figure 1). The specimens
were held with the lower jaw of the
instrument so that the bracket base
was positioned parallel to the di-
rection of force. A knife-edged
shearing blade was used with the
direction of force parallel to the la-
bial surface and the bracket inter-
face. The crosshead speed was 1
mm/minute. The shearing blade
struck flush against the edge of the
bracket base without touching the
enamel. The force required to dis-
lodge the bracket was recorded in
Newtons and converted to MPa us-
ing the following equation:

Shear force (MPa)=F(debonding force:N)

d./ (mm?)
where d = width of bracket base,
and I = height of bracket base.

The metal brackets used in this
study had an adhesive base area of
14.19 mm? and the ceramic brack-
ets measured 12.95 mm?. The adhe-
sive remnant index (ARI) was used
to evaluate the amount of residual
adhesive after debonding. Devel-
oped by Artun and Bergland, the
ARI is a 4-point scale where 0 in-
dicates no adhesive left on the
tooth, 1 indicates less than half the
adhesive remains on the tooth, 2 in-
dicates more than half the adhesive
remains on the tooth, and 3 indi-
cates all of the adhesive remains on
the tooth, including a distinct im-
pression of the bracket mesh.

The nonparametric Mann Whit-
ney U-test was used to determine
the statistical significance of differ-
ences between groups. ARI scores
were distributed by percentage for
the groups.

Shear bond strength of three bonding agents

Table 1
Shear bond strength values of the tested bonding agents with
metal and ceramic brackets in MPa

FujiOrtho LC Compoglass Transilluminate Transbond
Mean SD Mean SD Mean SD Mean SD
Metal bracket
(Omni Arch, GAC) 445 1.06 432 1.75 7.06 1.65 -
Ceramic bracket
(Allure IV, GAC) 8.39 3.24 12.31 6.09 14.40 5.88 20.17 8.67

Results

Mean shear bond strengths and
standard deviations for the groups
are shown in Table 1. Statistical
comparisons and ARI percentages
are shown in Tables 2 and 3, re-
spectively.

Group 5 (light-cured composite
resin with metal brackets) had a
mean shear bond strength value of
7.06+1.65 MPa. Group 2 (light-
cured composite resin with ceramic
brackets) had a mean value of
14.40+5.88 MPa, the highest of all
test groups. Groups 3 and 6
(Compoglass) had mean bond
strengths of 12.31x6.09 and
4.32+1.75 MPa for ceramic and
metal brackets, respectively.
Groups 1 and 4 (LCGIC) had mean
bond strengths of 8.39+3.24 MPa
and 4.45+1.06 MPa for ceramic and
metal brackets, respectively. Group
7 (nonfluoride light-cured compos-
ite resin with ceramic brackets) had
a mean value of 20.17+8.67 MPa.
Metal and ceramic brackets
showed significantly different val-
ues, depending on the bonding
agent used (p<0.001).

LCGIC and Compoglass had sta-
tistically lower shear bond
strengths compared with the com-
posite resins when bonded with
metal brackets (p<0.001 and p<0.01,
respectively). However, when ce-
ramic brackets were used, compos-
ite resin showed significantly
higher values than LCGIC
(p<0.001).

Bond failure with the LCGIC oc-
curred at the adhesive/tooth inter-
face, in contrast to the Compoglass
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Figure 1
Specimen placed in the Lioyd universal
testingmachine

and composite, where failure oc-
curred at the adhesive/bracket in-
terface. All the LCGIC-metal
brackets had an ARI score of 0, as
did 50% of the LCGIC-ceramic
brackets.

Discussion

Mandibular bovine teeth were
used as specimens in this study be-
cause previous studies have indi-
cated that bovine enamel and
human enamel are similar in their
physical properties and adhesive
bond strength.?*

The shear bond strength of glass
ionomer cement has been reported
to be 35% to 39% that of composite
resin.’® The maximum bond
strength recommended for success-
ful clinical bonding is estimated to
be 7 MPa.” Shear stresses exerted
on attachments during orthodontic
treatment range from 1 to 3 MPa,™®
although higher stresses can occur
during mastication. Studies have
shown that metal brackets bonded
with composite resins show aver-
age bond strengths ranging from 2
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Table 2
Statistical comparison of the groups tested
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group7
Group 1
Ceramic bracket-Fuji Ortho LC > e e i
Group 2
Ceramic bracket-Transilluminate e bl e
Group 3
Ceramic bracket-Compoglass el i *
Group4
Metal bracket-Fuji Ortho LC e il
Group 5
Metal bracket-Transilluminate > i
Group 6
Metal bracket-Compoglass e
Group 7
Ceramicbracket-Transbond
* p< 0.05; ** p< 0.01; *** p< 0.001; **** p< 0.0001
to 13 MPa; these values are in ac- Table 3
cordance with our fmc.hngs. Metal ARI Scores of the tested groups in percentage
brackets bonded with LCGIC
showed very different values, rang- ,\?o ; v, j/z :’”
ng erm 0.8 MPa to 20.1 MPa, de- adhesive  adhesive adhesive  adhesive
pending on whether enamel ontooth  ontooth  ontooth  ontooth
etching was performed.>'%13162829
| ) Group 1
However, as glass ionomer ce- | Geramic bracket-FujiOrthoLC ~ 50% 30% 20%
ments bond chemically to enamel Group2
and do not rely on a mechanical | Ceramicbracket-Transilluminate 60% 40%
bond, the manufacturer does not Group 3
recommend acid-etching or any | ceramicbracket-Compoglass 30% 20% 10% 40%
other pretreatment except pumic-
. . . a0 . Group 4
ing. Wiltshire® achieved a shear | petal bracket-Fuji Ortho LC 100%
bond strength of 4.4 MPa using Group5
GIC with metal brackets without | \etal Bracket-Transilluminate 100%
etching, similar to our findings. Group 6
Messersmith et al.”! reported a | \etalbracket-Compoglass 10% 90%
bond strength value of 24.47 new- Group7
tons with Fuji Ortho LC without | ceramicbracket- Transbond 80% 20%
etching. In the present study, the

mean value to dislodge the metal
brackets bonded with Fuji Ortho
LC was 46.0 N. Because of the
probable difference in bracket base
area, a direct comparison cannot be
made with the findings of the study
by Messersmith et al.®! However,
higher values seem to have been
obtained in the present study.
Other studies in which brackets
were bonded to acid-etched enamel
have also reported higher val-
ues. 316252 Our observations con-
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firm the findings of studies that
conclude that the bond strength of
composite resin is significantly
higher than that of glass ionomer
cement.*®32 The results for metal
brackets indicate that neither
Compoglass nor light-cured GIC
can replace composite resin, as
their bond strength values are less
than the optimum clinical value of
7 MPa. Thus, we are in agreement
with Miguel et al.,* who concluded

Vol. 69 No. 51999

in an in vivo study that GIC had a
low clinical performance. Our find-
ings do not support the view that
GICs can be used efficiently instead
of composite resins.>”'**3 How-
ever, no previously published re-
ports have compared the bonding
characteristics of GICs and
compomers used with ceramic
brackets; therefore, the findings of
the present study are of clinical in-
terest.



Significantly higher shear bond
strength values were obtained with
ceramic brackets and composite
resins, in agreement with previous
studies.*?1%% Shear bond strengths
of the two composite resins used
were not significantly different, al-
though one of the composites con-
tained fluoride. The manufacturer
of Allure IV brackets recommends
that they not be used with fluoride-
releasing agents because fluoride
can neutralize the silane coupling
agent on the base of the bracket and
lead to higher rates of bond failure.
Ashcraft et al.®® reported that the
initial burst of fluoride from the
fluoride-releasing agents occurred
over the first 24 hours, and de-
creased gradually after the first
day. Our shear bond strength test
was performed after 24 hours, and
the fluoride ions did not signifi-
cantly affect bond strength in this
time period. Shear bond strengths
of fluoride-releasing composite
(Transilluminate) and nonfluoride
composite (Transbond) did not
show any significant difference
when the two groups were com-
pared. This is in agreement with
Kula et al.,?® who concluded that
there were no negative effects of
topical fluoride application on ce-
ramic brackets. The effect of fluo-
ride-release over the long-term
should be further investigated, us-
ing ceramic brackets that have a si-
lane coupling agent on the base.
Additionally, manufacturers
should address the fact that most
of the bonding agents marketed to-
day contain fluoride.

The high bond strengths reported
with ceramic brackets may not be
an advantage. The work of Retief”
on bond failure indicated that
enamel fractures can occur with
bond strengths as low as 13.5 MPa.
This is comparable to the mean
strength of 14.5 MPa previously re-
ported by Bowen and Rodriguez.®
The amount of enamel loss due to
acid-etching was estimated to be 50

Shear bond strength of three bonding agents

to 60 um.*! Diedrich? estimated that
up to 150 to 160 pm of enamel loss
can occur after debonding. This
represents 10% of the original
enamel surface.® The main disad-
vantage of ceramic brackets is the
high bond strength, which can re-
sult in enamel fractures during de-
bonding. Gwinnet? found a bond
strength of 18.3 MPa for ceramic
brackets, similar to our mean val-
ues of 14.40+5.88 and 20.17+8.67
MPa obtained with light-cured
composites. Joseph and Rossouw®
assumed that with the high bond
strength obtained with rigid ce-
ramic brackets, the safety margin of
stresses that could be withstood by
the cohesive strength of enamel
was reduced; this assumption has
been supported by several stud-
ies. 20384844 T clinical use, the bond
between the ceramic bracket and
the adhesive must be strong
enough to withstand orthodontic
and chewing forces while still al-
lowing the removal of the bracket
without injury to the tooth.* The
bond strength values obtained with
LCGIC and ceramic brackets seem
to meet both these conditions. In
the present study, the shear bond
strength of LCGIC with ceramic
brackets was 8.39+3.24, which is
higher than the optimum clinical
value 7 MPa but lower than 13.5
MPa. Compoglass showed similar
high values of shear bond strength
with the ceramic brackets, in con-
trast to metal brackets. Because of
this property, Compoglass may not
be an appropriate choice of adhe-
sive for bonding ceramic brackets.
Although not recommended for
use with metal brackets, LCGIC
may be an ideal bonding agent for
use with ceramic brackets due to its
lower bond strength, thereby re-
ducing the disadvantage of ceramic
brackets.

Fuji Ortho LC is a capsulated
agent that has a disadvantage of
limited application time. Following
activation of the capsules, only
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three or four brackets can be
bonded before setting occurs; an
excessive amount of mixed cement
is left in the capsule. Capsules that
contain less cement may be more
appropriate.

Conclusions

1. Fuji Ortho LC may be appro-
priate only with metal brackets in
cases of insufficient saliva isolation,
where bonding with composite
resin will fail. However, Fuji Ortho
LC may be the most appropriate
bonding agent with ceramic brack-
ets, since optimal bonding values
were obtained with this combina-
tion.

2. Compoglass is a relatively new
material, but it offers no advan-
tages over other agents. It demon-
strated lower-than-desired bond
strength with metal brackets, and
higher-than-desired values with
ceramic brackets.

3. Clinically desired shear bond
strengths with metal brackets were
obtained using light-cured compos-
ite agents.
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