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Evaluation of Possibility of Using Core Max II in
Bonding Orthodontic Brackets to Teeth

Pakshir HR ®  Rostami R P _ Alavi AA ©

ABSTRACT

Background and aim: Different adhesives have been used for bonding orthodontic brackets to teeth.
The aim of this study was to evaluate the possibility of using Core Max Il in bracket bonding by comparing
it's shear bond strength with the two commonly used orthodontic adhesives: Transbond XT and Unite.
Subjects and Methods: In this interventional study, 105 human premolars were divided into 3 groups of 35
each. After etching with 37% phosphoric acid, Dyna-Lock stainless steel brackets (3M Unitek, Monrovia,
CA) with the average base surface area of 12.09 mm2 were bonded with three different adhesives; Core
Max Il (Sankin, Tokyo, Japan) Transbond XT (3M Unitek) and Unite (3M Unitek). The shear bond strength
of 3 groups were measured by a universal testing machine (Instron 3401, Canton, Mass) with cross- head
speed of 0.5 mm/min. Adhesive Remnant Index (ARI) was determined under 10x magnification. For data
analysis, SPSS statistical package was used.

Results: Mean shear bond strength of Core Max Il (17.24+ 3.2 MP
Transbond XT (15.44 + 2.2 MPa) (P=0.009) but had not statistically difference with Unite (17.16 + 3.7 MPa)
(P=0.93). Evaluation of ARI indicated that 83% of Core Max || samples had score 0 or 1 and 17% had score
2 or 3. These percentages were 66% and 34% for Transbond XT and 77% and 23% for Unite, respectively.
Conclusion: In this study. it was concluded that: 1) Core Max | had a shear bond strength higher that
Transbond XT and equal to Unite. 2) ARI of Core Max Il showed a higher frequency of score 0 and 1, which

indicated that after debonding, most of the adhesive remains on the bracket base. 3) Core Max Il has the
potential of being a good orthodontic adhesive. (1JO 2006; 1: 42 - 47 )
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Introduction

technique !, the concept of bonding various resins 10
enamel has developed application in the bonding of
orthodontic brackets. Modification of adhesjve formulation
over the past decades have led 1o current availability of 2
paste system 2, no-mix adhesive 3 glass ionomer cements?

Following the introduction of the acid etch bonding
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and light- activated direct bonding materials €.
For years, self-cured resins were the unique choice for ndhtj‘
sives. Early self- polymerizing materials were two paste S¥¥
tems. One paste containing an activator and the other an '"f'
tiator. The disadvantage of using these resins is limited “.‘»‘rL:
ing time for accurate bracket placement and also “"‘“I.\c“mf;
of the bond strength from possible air incomonlll'\“‘“““_
incomplete mixing of the pastes 7, In 1977, Hocevar® nitid -
ed the use of concise restorative resin for bonding \’nhl\wnx
tic brackets and then an orthodontic bonding syswm\r-‘\:
decrease the necessity of adding liquid to the paste ¥
developed by 3M in 1979 9,

. “\,‘d
Buonocore u

first introduced the photosensitive light-
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resins in restorative dentistry as pit and fissure sealants and
then became popular in orthodontics 10, In 1979, light- cure
adhesives with the ability to bond orthodontic attachments
were introduced ' The greatest advantage of a light cured
system is the increase in working time before polymerization.
However one disadvantage is the time required to complete-
ly polymerize the adhesive. Fortunately, the clinical use of
light- curing units has been recently described for orthodon-
tic bonding purposes with a cure time of 2 seconds per brack-
ets 12,
The bond strength of adhesive and attachment should be suf-
ficient to withstand the forces of mastication and stresses
excrted by the arch wire. At the same time, the bond strength
should be at a level to allow bracket debonding without caus-
ing damage to the cnamel surface !3. Clinically, the clinician
would prefer the failure to occur between the adhesive and
the enamel at the time of debond because this would allow
for easier resin removal from the enamel surface. On the
other hand, maintaining a sound unblemished enamel surface
after debonding orthodontic brackets is a primary concern to
the clinician. As a result, bond failure at the bracket- adhesive
interface or within the adhesive scems to be more desirable
than at the adhesive- enamel interface 4.

Of additional importance is the question of the in-vivo bond
strength requirements for orthodontic function. The adequate
bond strength for clinical situation, suggested by various
studies, ranges from 2.8 MPa to 10 MPa 518 It has been
demonstrated that enamel fractures on in vitro specimens
may occure with bond strengths as low as 9.7 MPa 19.

In comparing the bond strength of self- cured resins to light-
cured resins, Andreasen et al. found no significant difference
in shear bond strength between the light- cured resin Heliosit
with a 40 second light exposure and self- cured resin concise
20, Other studies revealed that the shear bond strength of
light-cured resins were weaker than that of self- cured ones
21-22_ Another study showed that the tensile bond strength of
light- cured resin of Transbond was stronger that that of self-
cured resin Concise but no statistical difference in bond fac-
ture interface distribution was found 23.

Many different adhesives exist for direct bonding and manu-
facturers are continuously introducing new restorative and
adhesive systems to the dental profession that are more
stronger and adhere better to enamel and dentin,

The purpose of this investigation was to determine whether
CoreMax [1 (Sankin, Tokyo, Japan), an adhesive resin for
Core construction, could be used as a new adhesive in bonding
orthodontic brackets by:

I, Comparing its shear bond strength with the two common-
ly used adhesives, Transbond XT and Unite.

2.'Eva[uming the debonding characteristics and site of bond
failure of Core Max II and comparing the results with
Transbond XT and Unite as control groups.
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Materials and Methods

Teeth

One hundred and five sound upper and lower premolars that
had been extracted for orthodontic purpose from patients
between the age of 18 and 25 years were collected and stored
in a solution of 0.1% (weigh/ volume) thymol to prevent
dehydration and bacterial growth.

The criteria for tooth selection included intact buccal enamel
with no carries and not subjected to any pretreatment chemi-
cal agent or root canal therapy. Teeth with hypoplastic areas,
Cracks, or gross irregularities of the enamel structures were
excluded.

After one week of storing in thymol solution, all teeth were
transferred to distilled water for a maximum of 3 month
before testing. Every week the distilled water was changed.
The teeth were randomly divided into 3 equal groups with
approximately equal numbers of first, second, upper and
lower premolars in each groups (containing 35 teeth), to pre-
vent bias caused by the possible difference in bond strength
among tooth types.

The teeth were embedded in cold-curing, fast-setting acrylic
(leocryl; leone, Sesto Fiorentina, Italy). The buccal surface of
each tooth was cleaned with a pumice and water slurry and
rubber prophylactic cups for 10 seconds. All teeth were thor-

oughly washed, and dried with oil-free compressed air before
surface preparation.

Adhesives

Core Max 11 (Dentsply, Sankin K.K, Japan) is a composite
resin which according to the manufacturer, is the only pow-
der- liquid system which allows ideal consistency to be
mixed to operator desire. It is fast setting and is used for core
constriction by bonding to dentin. The powder is made of
Silicon Dioxide with average particle size of 32 . Benzoic
peroxide is included in the powder as catalyst. The liquid is
Methacrylic acid (ester) and the total filler content of the
mixture is 75%. The physical property of this resin is shown
in table 1.

The two other adhesives used in this study were a light cured
composite (Transbond XT, Unitek, 3M, St paul, Minn) and a
chemical- cured composite (Unite, 3m Unitek, Monrovia,
California, USA) both of which are well known orthodontic
adhesives for bracket bonding.

Bracket used and bonding procedure

One hundred and five stainless steel 0.22 premolar brackets
(Dyna-lock, 3M Unilek) with surface area of 12.9 mm2 v.vcre
used for this study. The surface area was the average qblamed
from measuring 10 brackets. The teeth were etched with 37%
by weight phosphoric acid gel for 30 seconds, waghed for 20
seconds, and air- dried. Then the metal orthodontic brackets
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Table 1. Physical property of Core Max Il composite resin

Powder/ Liquid ratio 1.8 g/ 0.5 ml
(Standard) (1 spoon level / 3 drops)
Setting time 3'30"
Compression strength 328 MPa
Surface hardness 67 Hv
Bending strength 132 MPa
Tensile strength 60 MPa
Bonding strength Human dentin 12 MPa
Coefficient of thermal expansion 29.5 x 106
Table 2. Descriptive statistic of the shear bond strength for the three groups tested
D Mi Max
Group Adhesive Medn Mear (38) n
N MPa MPa MPa
1 Core Max I 208.68 17.2442.2 16.14 18.34
2 Transbond XT 187.22 15.4443.2 14.67 16.22
3 Unite 207.45 17.1643.7 15.87 18.45

were bonded to the teeth according to one of three protocols:

Group 1: Bonding with Core Max I adhesive system,

The bonding agent of Core Max II was placed on the
etched enamel in a thin film and the powder- liquid mixture
required to keep the brackets on the enamel surfaces and pre-
vent them form sliding, was prepared according to manufac-
turer's instruction. The bracket were bonded with the adhe-
sive by pressing on the tooth with 300 gm of force according
to Bishara et al (24) and excess adhesive was removed with a
sharp scaler.

Group II: Bonding with Transbond XT adhesive system.

Transbond XT primer was applied to the etched surface in
a thin film. Transbond XT adhesive paste was applied to the
bracket base and the bracket Wwas positioned on the tooth and
light cured with a halogen light for 20 seconds (XL 300; 3M
Unitek). Before light curing the adhesive, the brackets were

pressed on the tooth with 300 gm of force as for group 1 and
the excess adhesive was removed.

Group III: Bonding with Unite adhesive system

Unite primer was applied to the etched surface in thin film,
Unit adhesives paste was applied to the bracket base and
brackets were bonded to the teeth as for group 1 and the
excess adhesive was removed from around the bracket bases.

The bonded teeth were thermal cycled between 2 water bathj
containing distilled water at 55°C and 5°C. Seven hundrcS
fifty cycles were preformed between thesc 2 temperature
with dwell time of 30 seconds. Then all samples were Slorcb
in distilled water and room temperature for 24 h(?urs andhb;:c
sequent test in a shear mode on a universal testing mac
(Instron 4302, Conton, Mass).

] < 11 adhesiy
Debonding procedure and evaluation of resldduaso that the

i i s were secure
For shear testing, the specimens he shear force:

bracket bases were parallel to the direction oft ket pmducing
An occluso-gingival load was applied to the bracke ’d strengths
a shear force at the bracket- tooth interface. Shea:rsorl:linute.
were measured at a cross head speed of 0.5 ™ red in Newton
force required to dislodge the bracket was meﬂSnlimz) was then
(N) and the shear bond strength (IMPa= ] N/hc pracket base
calculated by dividing the force values by !
area (12.9 mm>).

After bond failure, the brackets and teet ic
by the same operator under a light stereom

ine
h were exami?
roscope

: . fail
magnifications. 10 bond
ning r
ARI scores were used as a method o_f:egn he bmcti‘
ure site among the enamel, the adhesiV ' ihe namel 3

. ining O
base. The amount of adhesive remaining
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Table 3. The adhesive remnant index score frequency for each group
i Adhesive Remnant Index Score
Adhesive Total
0 1 2 3
18 11 2 4 35
Core Max |l (51.4%) (31.4%) (5.7%) (11.4%) (100%)
7 16 6 6 35
Transbond XT (20%) (45.8%) (17.1%) (17.1%) (100%)
Unite 3 24 3 0 35
(8.6%) (68.6%) (8.6%) (14.3%) (100%)

ARI Score 0= no adhesive left on the tooth; 1= less than half the adhesive
left on the tooth; 2= more than half the adhesive left on the tooth: 3= adhe-

sive covering the whole area of the bracket base.

face was coded using the criteria proposed in the adhesive
remnant index (ARI) (25). ARI scores were scored as 0 to 3:
0= No adhesive remains on the tooth surface
1= Less than half the adhesive remains on the tooth surface
2=More than half the adhesive remains on the tooth surface
3= All the adhesive remains on the tooth surface with a
distinct impression of the bracket base.

Statistical analysis
- Descriptive statistics including the mean, standard deviation,

minimum and maximum values were calculated for each of
. the three test groups. Differences in mean measurements
. among the groups were analyzed by two- way analysis of
variance (ANOVA) and if a significant difference was pres-
ent, Tukey's multiple comparison test were used to identify
which of the means were significantly different from each
other. The Chi-square test was used to determine significant
difference in the ARI scores between the three test groups.

Significance level for all statistical tests was predetermined at
p 0.05.

" Results

i The results of shear bond strength (SBS) measurements
- (MPa) including the mean, standards deviation, minimum
- 2nd maximum in 3 groups were presented in table 2. Two-
- way ANOVA showed significant differences in bond strength
- Of the 3 test groups (p=0.029). The mean SBS for Core Max
o was 17.2443.2MPa, for Transbond XT 15.44+2.2 and for
Unite was 17.16+3.7 MPa. The t-test comparisons revealed
3 that there was significant difference between, the mean SBS
. of Core Max 11 and Transbond XT adhesives (p=0.009) but

no significant difference in SBS was observed between Core
Max II and Unite (p=0.43). The results also showed statisti-
cally significant difference between Unite and Transbond XT
(p=0.026).

The failure mode of the three types of adhesives are present-
ed in table 3. The ARI scores comparisons indicated that both
Transbond XT and Unite had nearly similar failure mode and
were not significantly different from each other (X2=4.3, p=
0.23). But, there was found to be significant difference
between ARI scores of Core Max II with both Transbond XT
(X2=8.16, p= 0.043) and Unite (X2=15.8, p= 0.001).

In Core Max II group, 83% of cases showed ARI scores of 0
and 1 and 17% had ARI scores of 2 and 3. These measure-
ments were found to be 66% and 34% for Transbond XT and
77% and 23% for Unite, respectively. Table 4 shows the
results of comparison of the shear bond strengths and adhe-
sive remnant index for the three groups tested.

Discussion

In vitro investigation of bond strength plays an important role
in evaluating the bonding efficiency of newly introduced
orthodontic system.

The present study evaluated the use of Core Max 11, a semi
hybrid resin introduced for core construction, as an adhesive
in orthodontic bonding by comparing its SBS with the 2 cur-
rently used adhesives, Transbond XT and Unite.

The direct bonding of orthodontic brackets has revolution-
ized and improved the clinical practice of orthodontics. Bo_nd
strength tests have shown wide variables o). These st_udlcs
are difficult to compare and interpret due to many variables
such as the adhesives used, the substrate, and the design of
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Table 4. Result of comparison of the shear bond strength and Adhesive Remnant Index for the three groups tested.

Groups SBS (MPa) ARI

Core Max Il
009 * 0.043

Transbond XT 0.00
Core Max i 0.93 0.001*
Unite
Tra.nsbond XT 0.026 * 0.23
Unite

* Significant at p=0.05

the test. When a new bonding system is evaluated, its mean
bond strength is compared with those values of bonding sys-
tems that have a clinical record of reliability.

Considerable research has been inducted in evaluating the
bond strength of various orthodontic bracket-bonding sys-
tems. Orthodontic bonding systems have been evaluated by
means of in vitro shear bond strength tests using a universal
testing machine such as the Instron,

The bonding system used should be able to resist the forces
present during orthodontic mechanotherapy and mastication.
However, excessively high bond strength values are undesir-
able because of the increased debonding force needed, result-
ing in possible damage to enamel.

Numerous studies (27.28.29.30.3) have suggested bond strengths
ranging from 2.8 Mpa to 10 Mpa as being adequate for clin-
ical situations. The bond strength values recorded in the pres-
ent study are greater than the range of values adequate for
clinical situations.

The minimum in-vitro bond strength required for clinical
reliability of orthodontic bonding procedures is still unknown
and will vary, depending on the adhesive system used, brack-
et base design and area, enamel morphology, crosshead
speed, appliance force system, and clinician technique 32,
This investigation found significant difference in shear bond
strength between the newly introduced adhesive system,
Core Max II with Transbond XT. While the mean shear bond
strength of Core Max 11 (17.24 + 3.2 MPa) was significantly
higher than Transbond XT (15.44 + 22 MPa), it had no sig-
nificant difference with Unite (17.16 + 3.7 MPa).

Also, there was statistical difference in the mean shear bond
strength of the two commonly used orthodontic adhesive sys-
tems.

Williams et al. has found that the shear bond strength of
Unite is less than Transbond XT (7.2 MPa and 8.4 MPa
respectively) 0, The difference in the result of the present
study with Williams et al study might be due to the difference

in direction of load application, cross head speed and brack-
et base area.

Comparison with other studies is difficult or somechow
impossible due to the absence of study on Core Max Il as an
orthodontic bonding agent. Also, there is a lack of consensus
on the materials and methods (storage time before debond-
ing, thermocycling, bonding area, differences in the bracket
mesh, etc) for orthodontic bond strength testing (4. In this
way, studies determining the bond strength are important
mainly for their relative values and numerical comparisons
are not possible.

The bond strengths of all the adhesives tested were greater
than 5.9 to 7.8 MPa considered by Reynold 05 to be adequate
for routine clinical use. Our observation was in favor of the
idea that bond strengths of chemically cured composite resins
are significantly higher than that of light cured composite
resins.

Adhesive Remnant Index (ARI), developed by Artun and
Berglund, has been used by investigators to help standardizc
the bond failure analysis. The ARI may oversimplify the very
complex issues of bond failure analysis, but it does allow for
statistical analysis and cross-study comparison. Review of
the literature reveals that although many investigators use an
ARI system, they ofien modify the criteria @&, the number
system 7 or both for their projects. This makes cross- study
comparisons more difficult. For the present study, the ARI
scores follow the original criteria established by Artun and
Berglund @3,

The site of failure also provides useful information about the
bonding process. In orthodontics, an adequate bond that fails
at enamel- cement interface is desirable because debonding
and subsequent polishing procedures would become much
easier 8. The weak link of the bond may be at the tooth sur-
face (adhesive failure at enamel surface; no cement on tooth),
at the bracket (adhesive failure at bracket surface; cement on
tooth, not on bracket), or within the adhesive cement (cohe-
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sive failure within the cement; cement on both tooth and
bracket surfaces). Mixed failures are very common and can
be characteristic of the stronger bond strength values.

Evaluation of the ARI scores indicated that there was a sig-
nificantly higher frequency of bond failure at the enamel
adhesive mterface in the Core Max Il group, whereas the

Unite group showed a lower frequency of bond failure at this
interface.

ARI scores of the Unite and Transbond XT did not show any
significant difference (p=0.23, X2=4.3). Whereas it was
found that the ARI scores of the Core Max II group at 0 and

1 levels in %83 were statistically different with the two other
orthodontic adhesives.

Conclusion

® Core Max II displayed significantly greater SBS than
Transbond XT.

® There was no significant differences in mean SBS
between Core Max II and Unite.

® The bond strength of all 3 adhesives was clinically
acceptable.

® Core Max II tended to display adhesive failure at enamel/
adhesive interface while Transbond XT and Unite tended
to display cohesive failure within the adhesive.

® Core Max I has the potential of being a good orthodontic
adhesive.
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