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This study aimed at evaluating the early shear bond strength of enamel-composite-bracket adhesion
accomplished without the use of liquid resin. Orthodontic brackets were bonded to the buccal surfaces of
healthy extracted premolars in the test group by Transbond XT (n = 8) and Phase II (n = 8) composites but
not the enclosed liquid resins in these products. Brackets bonded with the same materials (n = 8 for each)
along with their corresponding liquid resin served as controls. The specimens were tested for shear bond
strength after 24-h storage in water at 37°C. The fractured surfaces were graded with Adhesive Remnant
Index (ARI) under a 2�-dissection microscope. Enamel of the randomly selected test and control
specimens was dissolved by 20% formic acid. Afterwards, the enamel side of the bonding materials in both
groups (n = 4) was examined under the scanning electron microscope. ANOVA was used for statistical
analyses. Our laboratory data suggest that the enamel adhesion produced by these two commercial
materials without the use of liquid resin does not differ significantly in their early in vitro shear bond
strength. &Enamel adhesion; orthodontic bondings; shear bond strength
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The use of acid etching and bis-GMA-based liquid resin to
promote the bond strength of orthodontic attachments to
enamel has survived with great clinical success for more
than 3 decades (1, 2). Its clinical applications in orthodon-
tic treatment and subsequent retention are well documen-
ted (3±5).

It has been postulated that enamel adhesion is achieved
by mechanical interlocking between the etched enamel
prisms and resin tags (6, 7). This necessitates the use of a
fluid unfilled liquid resin to thoroughly wet the porous
enamel surface for adhesion (8, 9). Opposite opinions
argue that the use of unfilled liquid resin does not promote
the bond strength of enamel adhesion (10, 11). If enamel
adhesion does not entirely depend on mechanical inter-
locking between the etched enamel prisms and resin tags,
orthodontic attachments may be bonded without the use
of liquid resin.

Previous works carried out in a calibrated in vitro model
suggest that chemically cured liquid-paste orthodontic
bonding materials are more cytotoxic than light cured and
chemically cured 2-paste materials (12, 13). The results of
these studies suggest that the source of cytotoxicity stems
from the liquid component of the materials. Although the
implication of in vitro data is uncertain in an in vivo
environment, the search for an orthodontic bonding
technique on enamel which obviates the use of liquid
resin is of interest in, at least, a biological perspective. The
aim of this study was to evaluate the early shear bond
strength of enamel-composite-bracket adhesion without
the use of liquid resin.

Materials and methods

Teeth

Thirty-nine healthy first and second premolars, ex-

tracted for orthodontic reasons, were collected from dental
clinics in the County Council of Uppsala, Sweden. The
average age of patients was 14.4 years, with a range from
13.0 to 16.8 years. The teeth were cleaned using tap water
and afterwards stored in physiological saline at 4°C. The
storage period did not exceed 3 months. The extracted
teeth were examined under a 2�-dissection microscope
with adequate lighting to exclude teeth with major enamel
defects (n = 3). Nine and 27 of the remaining teeth (n = 36)
were collected from male and female patients, respectively.
All of them were mounted in Vel-mix stone (Kerr Italia,
Torino, Italy) and a brass ring with the cemento-enamel
junction embedded in the dental stone (Fig. 1). The teeth
were aligned so that the tangent of the mid-buccal surface
of the tooth was perpendicular to the bottom of the brass
ring.

Tested materials

Two bis-GMA based bonding materials, Transbond
XT (3M Unitek, California, USA) and Phase II (Reliance,
Illinois, USA) were used in this study. Corresponding
Victory metal brackets (3M Unitek, California, USA) were
bonded onto the buccal surfaces of all the extracted teeth
by the same operator. A sharp scaler was used to remove
excessive bonding materials before they set hard. In the
control group (nTransbond XT = 9, nPhase II = 9), the bonding
materials were handled in accordance with the manufac-
turer's instruction. The same procedures were carried out
in the test group (nTransbond XT = 9, nPhase II = 9), but the
application of the liquid resin on the etched enamel
surface prior to the placement of brackets was spared. For
Transbond XT, a Demetron VCL 400 light curing unit
was used to cure the bonding material. Its output was



monitored by a Demetron radiometer each time before
and after use to secure proper curing of the materials.

Experimental design

All the specimens in both groups were kept for 24±27 h
in water at 37°C before testing. Shear bond strengths of
specimens in each (n = 8) of the four groups were assessed
using the Alwetron TCT 50 (Lorentzen & Wettre AB,
Kista, Sweden). Shear stress, at 1.0 mm/min, was applied
to the edge of the bracket base in a direction perpendicular
to the bottom of the brass ring using a knife-edge metal
rod. The shear bond strength at which the bracket
dislodged from the enamel surface was recorded by a
computer.

The fractured surfaces of the bondings were examined
carefully under a 2�-dissection microscope (Olympus,
Tokyo, Japan) with adequate lighting. The patterns of the
fracture surfaces were recorded with the Adhesive
Remnant Index (ARI) (14).

Specimens (n = 4) from test and control groups bonded
with Transbond XT and Phase II were randomly chosen
and decalcified in 20% formic acid solution. After
decalcification, the bracket-resin specimens were im-
mersed in de-ionized water. They were subsequently oven
dried at 37°C and sputtered to give a 20 nm platinum
coating (Polaron, Wafford, England). The enamel surfaces
of the resins were examined under scanning electron
microscope (JEOL 820, Tokyo, Japan). The observations
were computerized by KS400 v2.0 (Kontron Elektronik,
Munich, Germany) and documented by photographic
printouts.

Statistical analysis

Shear bond strength in MegaPascal (MPa) was obtained
by dividing the shear bond force (N) by the surface area of
the bracket base (approximately 12.5 mm2). Data obtained
from the shear stress experiments were analyzed by
ANOVA. The dependent variable was the shear stress
(MPa). The independent factors were the materials
(Transbond XT and Phase II) and bonding techniques
(test and control groups). All statistical procedures were
carried out in SPSS 9.0.

Results

Shear stress test

The shear bond strengths of the test and control groups
are shown as means, standard deviations, and 95%
confidence intervals in Table 1. For Transbond XT, the
test group had its mean bond strength approximately 2.5
MPa higher than that of the control. The mean bond
strength of the test group of Phase II, however, was
roughly 2.5 MPa lower than the control. Nonetheless,
their 95% confidence intervals covered similar ranges of
shear bond strength, implying that true difference might
not exist between the test and control groups. Statistical
analyses by ANOVA indicated that there was neither
significant difference in shear bond strength between the
test and control groups (P = 0.762, df = 1, F = 0.094) nor
significant difference in shear bond strength between the
two commercial materials Phase II and Transbond XT
(P = 0.100, df = 1, F = 2.887).

Scanning electron micrographs

In the control group, both bonding materials showed
well-formed resin tags on the enamel side of the composite
(Fig. 2). Penetrations of resin tags into the peripheral
sheaths and cores of the etched enamel prisms were
observed. In the test group, Transbond XT and Phase II
composites only showed solid and amorphous surfaces,
although the textures of the two materials were different
(Fig. 3).

Table 1. Shear bond strength of the test and control groups of
Transbond XT and Phase II. Shown are the number of teeth tested
(n), mean, standard deviation (SD), and 95% confidence interval
(95% CI) in MegaPascal (MPa) of the specimens tested

Groups n Mean SD 95% CI

Transbond XT
Test 8 20.6 3.0 18.5±22.6
Control 8 18.0 4.3 15.0±21.0

Phase II
Test 8 15.0 6.4 10.5±19.4
Control 8 18.5 1. 9 17.2±19.8

Fig. 1. Schematic diagram of the experimental design, (a) knife-edge
metal rod applying a shear force perpendicular to the base of the
brass ring, (b) tangent to the mid-buccal surface of the mounted
tooth, (c) mid-buccal surface aligned perpendicular to the base of the
brass ring and where the bracket was bonded, (d) dental stone, and (e)
brass ring.
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Observations under dissection microscope
The observations under the dissection microscope are

summarized in Table 2.
Transbond XT. Both test and control groups exhibited

the same pattern of bond failure under shear stress. A
quarter of the teeth in the test and control groups had no
composite left on the tooth surfaces upon debonding. Half
of the teeth in both groups had approximately 10% to

Fig. 2. Scanning electron micrographs of the enamel side of the bonding materials (a) Transbond XT (�1000, WD = 15 mm, 15 kV, scale
bar = 25 mm) and (b) Phase II (�150, WD = 15 mm, 15 kV, scale bar = 100 mm) of the control group. Both bonding materials displayed well-
defined resin penetration into the etched enamel.

Fig. 3. Scanning electron micrographs of the enamel side of the bonding materials (a) Transbond XT (�1000, WD = 15 mm, 15 kV, scale
bar = 25 mm) and (b) Phase II (�1000, WD = 15 mm, 15 kV, scale bar = 25 mm) of the test group. Both bonding materials displayed
amorphous surfaces.
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20% of the composites left on the tooth surfaces. Another
quarter of the teeth in both groups had 60% to 100% of
the composites left on the teeth. In other words, the
weakest points of both the test and control groups were
located between the tooth surface and the composite.

Phase II. In the control group, 12.5% of the teeth had
no composite left on the tooth surface. Half of the teeth in
this group had 10% or less material left on the tooth
surfaces. In contrast to the test group, 37.5% of the failure
occurred at the composite bracket interfaces, which left all
the materials on the tooth surfaces; 62.5% of the teeth in
the test group had no composite left on the tooth surfaces
upon debonding; 37.5% of the teeth in this group had
approximately 10% of the composites left on the teeth. In
other words, the weakest point of the test group was
located between the tooth surface and the composite.

Discussion

This study aimed at assessing the feasibility of achieving
reliable enamel adhesion using an orthodontic bonding
technique free of liquid resin. The results indicate that in
the absence of liquid resin and hence the resin tags for
mechanical interlocking, the shear bond strengths of
enamel adhesion in the test and control groups are similar.
The mean, standard deviations, and confidence limits of
the shear bond strengths in both test and control groups
are higher than the recommended 5.9 to 7.8 MPa (15).
Additionally, observations from the electron micrographs
in the present study confirm that in the absence of the
liquid resin, no interlocking tags are formed. This
observation is contrary to previous findings (16, 17). It
seemed to us that the early strength of enamel adhesion
might well be obtained by bonding without the use of a
wetting liquid resin to achieve mechanical interlocking
between the etched enamel prisms and the resin tags. A
previous in vitro study of the tensile bond strength of Phase
II without the use of liquid resin seemed not to lower the

bond strength to any significant extent (18). Our results
supplemented these findings in a shear direction. Un-
fortunately, the data of the present study cannot verify
which mechanism is most important in securing enamel
adhesion.

Surface tension might play a role in securing enamel
adhesion. By acid etching, the surface tension of enamel
could be raised from 28 to 72 dynes/cm (19). Close
adaptation of composites on enamel surfaces might lower
and hence stabilize the high surface tension of the etched
enamel. This may explain the success of the liquid resin-
free technique in vitro. The pressure during bracket
placement and the roughness of the etched enamel surface
probably enable the close adaptation (wetting) of compo-
sites on enamel surface (20). The importance of surface
tension in enamel adhesion, however, was uncertain. The
data in this study seem to favor surface tension as a major
binding force in enamel adhesion. However, epoxy resin
was initially developed as industrial glue for hard surfaces
(21). Since enamel is a highly mineralized hard surface,
perhaps a clean and dry surface produced by acid etching
is all that is needed for the `glue' to work.

A shift in the adhesion fracture pattern was recorded by
ARI for Phase II but not for Transbond XT between the
test groups and the control groups. Phase II was relatively
more viscous in consistency. The use of liquid resin might
dilute Phase II composite and might bring about a weak
point in the composite at the composite±bracket interface.
On the other hand, Transbond XT is less viscous in
consistency. The use of liquid resin might not give much
additional dilution effect in a less than 0.3 mm thick
material (22).

An in vitro study has shown that only the topical
application of aminfluoride, among aminfluoride, sodium
fluoride, and acidulated phosphate fluoride, can reduce
the polar component of free surface energy of enamel (23).
All the extracted teeth were collected from Uppsala,
Sweden, where the natural fluoride level in drinking water
is roughly 1 ppm. It did not seem to compromise the shear
bond strength of enamel adhesion to any significant extent
in the experimental environment of this study compared
with previously reported data (24±27).

ISO 11405 recommends 3 methods of specimen storage
before mechanical testing (28). Short-term storage, i.e. in a
37°C water bath for 24 h, was chosen for this study before
subjecting the specimens to shear stress. Long-term and
thermocycling storage methods do not seem to simulate
the in vivo environment in all aspects. The in vivo
performance of the fixed appliances bonded with liquid
resin-free technique will be assessed in a future clinical
trial. Nonetheless, the early in vitro shear bond strength
seems promising.

In conclusion, our data suggest that Transbond XT and
Phase II might enable enough shear bond strength
between sound enamel surface and metal brackets without
the use of liquid resin. This might imply that mechanical
interlocking between the etched enamel prisms and resin
tags is probably not the only important mechanism by

Table 2. Patterns of fractured surfaces indicated by Adhesive
Remnant Index (ARI). Shown are the number of teeth tested (n)
and the percentage of teeth in the test and control groups of
Transbond XT and Phase II under scores 0±3 of ARI

Materials n 0 1 2 3

Transbond XT
Test 8 25.0 50.0 12.5 12.5
Control 8 25.0 50.0 12.5 12.5

Phase II
Test 8 62.5 37.5 0 0
Control 8 12.5 50.0 0 37.5

ARI: 0±3.
0 = No adhesive remained on the tooth.
1 = <50% adhesive remained on the tooth.
2 = >50% adhesive remained on the tooth.
3 = 100% adhesive remained on the tooth, with distinct impression
of the bracket mesh.
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which to secure enamel adhesion. The clinical application
of orthodontic bonding without liquid resin has yet to be
supported by clinical trials.
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