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In Vitro Investigation of Indirect Bonding with a
Hydrophilic Primer
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Ulrich Bismayer, Dr rer nat, PhDd

Abstract: The aim of this in vitro investigation was to evaluate bond strength for a custom base indirect
bonding technique using a hydrophilic primer on moisture-contaminated tooth surfaces. Stainless steel
brackets were bonded to 100 permanent bovine incisors using a light-cured custom base composite ad-
hesive, a chemically cured sealant, and the hydrophilic primer Transbond MIPt (3M-Unitek, Monrovia,
Calif). Five groups (A–E) of 20 teeth each were formed according to the time of contamination (before
or after application of the primer) and the type of contaminant (distilled water or saliva): A, control group
with no contamination; B, contamination with saliva before application of the primer; C, contamination
with water before application of the primer; D, contamination with saliva before and after application of
the primer; and E, contamination with water before and after application of the primer. Mean bond strength
for the group without contamination (A) was 15.07 6 4.14 MPa and was not significantly different from
bond strengths for groups B (14.91 6 3.99 MPa) and C (16.12 6 3.67 MPa), in which contamination
occurred before application of the hydrophilic primer. Average bond strength in group D was 11.92 6
4.76 MPa. The lowest mean bond strength was measured for group E (9.85 6 3.77 MPa) and was sig-
nificantly lower than for groups A, B, and C. Contamination after primer application resulted in an in-
creased risk of bond failure at clinically relevant levels of stress. (Angle Orthod 2003;73:445–450.)
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INTRODUCTION

Moisture contamination has been reported to be the most
common reason for bond failure in clinical orthodontics.1,2

Saliva contamination of etched enamel seems to cause a
significant decrease in bond strength between the resin and
the enamel surface.3–5 This was shown by Hormati et al5

when composite resin was applied directly to a wet, saliva-
contaminated surface. Silverstone et al6 reported that only
with an exposure of less than one second to saliva could
the contaminant be successfully removed by washing. Sil-
verstone et al6 recommended that because any contamina-
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tion occurring clinically will inevitably exist for one second
or longer, the operator should not proceed with the bonding
technique until the surface has been dried and reetched.
Therefore, reetching is generally necessary for successful
adhesion of the bracket, and it delays the bonding proce-
dure considerably. Recently, two different hydrophilic
bonding materials have been introduced: (1) moisture-in-
sensitive or moisture-resistant primers, which contain water,
acetone, or ethanol and tolerate the presence of moisture to
a certain degree7–11 and (2) moisture-active adhesives, which
are cyanoacrylate based; these adhesives not only tolerate
but require the presence of moisture for the initiation of the
polymerization process.12–15 In light of encouraging results
obtained using the new hydrophilic materials, it has been
suggested that the concept that saliva-contaminated enamel
and dentin need to be reetched should be reconsidered.10

Indirect bonding techniques have been used for bonding
in areas that are particularly susceptible to moisture con-
tamination, eg, molar attachments or lingual brackets. Al-
though it has been reported that improved moisture isola-
tion may be rendered by the use of the transfer tray in
indirect bonding,16 use of a moisture-resistant primer might
be beneficial with this technique. However, until now, bond
strength measurements with this primer have been limited
to direct bonding techniques. Sonis11 reported similar bond
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strength of orthodontic brackets applied to saliva-contami-
nated etched enamel and for uncontaminated enamel when
the water-based primer Scotchbond Multipurposet (3M-
Unitek, Monrovia, Calif) was used. More recent studies
tested the ethanol-containing hydrophilic primer Transbond
MIPt (3M-Unitek). Littlewood et al9 demonstrated signif-
icantly lower bond strength with this primer in vitro. Al-
though the median bond strength values were found to be
promising, the Weibull analysis showed that brackets bond-
ed with the hydrophilic primer seem to be at a higher risk
of bond failure. These in vitro results were confirmed by a
clinical study on 31 patients.17 An increased risk of bracket
failure with the hydrophilic primer was found both for an-
terior and posterior teeth that were bonded, with an overall
bond failure of 6.8% for the conventional adhesive and
18.8% for the hydrophilic primer. Webster et al18 reported
lower bond strength measurements for Transbond MIPt for
all contaminated surfaces when compared with uncontam-
inated surfaces. Hobson et al8 investigated the influence of
both water and blood contamination and found significantly
higher bond strength for the dry state compared to water
or blood contamination. Despite these results, the authors
concluded that the material was suitable for bonding under
conditions of poor moisture control or blood contamination
because all bond strengths measured were greater than the
required clinical bond strength reported previously. Grandhi
et al2 investigated the Transbond MIPt primer in combi-
nation with a chemically cured and a light-cured adhesive.
For the chemically cured adhesive, Grandhi et al2 found a
dramatic and highly significant drop in bond strength when
enamel was contaminated with water or saliva, whereas
bond strength with the light-cured adhesive was acceptable
in the presence of a thin film of water or saliva. Therefore,
Grandhi et al2 concluded that the hydrophilic primer should
only be used with light-activated composite adhesives.

No study so far has investigated the use of hydrophilic
primers in indirect bonding. Therefore, the aim of this study
was to evaluate bond strength for a custom base indirect
bonding technique when using the hydrophilic primer on
moisture-contaminated tooth surfaces.

MATERIALS AND METHODS

Bonding procedure

One hundred freshly extracted bovine permanent man-
dibular incisors were obtained from a local slaughterhouse
and stored in 0.5% chloramine solution before the experi-
ment. Teeth were randomly assigned to five groups of 20
specimens each. After cleaning the teeth with a brush and
pumice-water slurry at slow speed, the teeth were embed-
ded in chemically cured dental acrylic (Palavit G, Heraeus
Kulzer, Wehrheim, Germany) in plastic cylinders to allow
for standardized and secure placement during testing. Max-
illary central incisor 0.018-inch-slot stainless steel mesh
base brackets (Mini Mono, order no. 0712-0103, Forestad-

ent, Pforzheim, Germany) were used throughout the study.
The average surface area of the bracket base was 13.5 mm2.
The indirect bonding technique was performed in the fol-
lowing manner: an alginate impression was obtained of
each specimen and poured in orthodontic stone. On the dry
casts, the teeth were coated with diluted separating medium
and allowed to dry for 24 hours. The bracket bases were
cleaned with alcohol. The composite adhesive Transbond
XTt (3M-Unitek) was applied to the bracket base. The
brackets were pressed firmly onto the model. Excess com-
posite was removed with a scaler. The adhesive was cured
with a halogen-curing light (Polylux II, Kavo, Biberach,
Germany) for two minutes. The output of the halogen light
was measured at 800 mW/cm2 before the experiment. The
extended curing period was chosen to achieve complete po-
lymerization of the adhesive on the plaster model.

After polymerization of the custom base adhesive, trans-
fer trays were made from vinyl polysiloxane impression
material (Silagum AV-Putty soft, DMG, Hamburg, Ger-
many). After the transfer tray material had set, the speci-
mens were soaked in warm water for 30 minutes. The trans-
fer trays were removed from the models, and the composite
adhesive on the bracket base was cleaned by sandblasting
with 50 mm aluminum oxide.

Seven days after fabrication of the transfer trays, the sec-
ond part of the bonding procedure was performed:19 the
teeth were etched with 37% phosphoric acid gel (Ormco,
Orange, Calif) for 30 seconds; rinsed thoroughly with water
and air-water spray; and dried with compressed air for 20
seconds. The hydrophilic primer Transbond MIPt was used
according to the manufacturer’s recommendation: one lib-
eral coat of the primer, covering the entire etched tooth
surface, was applied. Tooth surfaces were contaminated
with 0.1 ml of distilled water or fresh whole saliva from
one volunteer who did not receive any medication. Fresh
whole human saliva has been found to be suitable for test-
ing saliva contamination.4,6,10,11,13 The following five groups
were formed based on the contaminant (distilled water or
saliva) and the timing of contamination (before or after ap-
plication of the moisture-resistant primer):

• Group A (dry/dry): no contamination.
• Group B (saliva/dry): contamination with saliva before

application of Transbond MIPt primer.
• Group C (water/dry): contamination with distilled water

before application of the Transbond MIPt primer.
• Group D (saliva/saliva): contamination with saliva before

and after application of Transbond MIPt primer.
• Group E (water/water): contamination with water before

and after application of Transbond MIPt primer.

All groups were bonded with Sondhi Rapid Sett adhesive
(3M-Unitek) according to the manufacturer’s recommen-
dations. After bonding of the sealant was completed, the
transfer trays were removed. In case of bracket failure on
removal of the tray, the adhesive was removed from the
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TABLE 1. Shear Bond Strength (Mean, Standard Deviation [SD]) and Weibull Parameters

Group
Mean
(MPa) SD (MPa)

Group
Differencesa

Weibull
Modulus

Correlation
Coefficient

Characteristic
Bond Strength

(MPa)

Shear Stress
at 10% Probability
of Failure (MPa)

A (dry/dry)
B (saliva/dry)
C (water/dry)
D (saliva/saliva)
E (water/water)

15.07
14.91
16.12
9.85

11.92

4.14
3.99
3.67
3.77
4.76

a,b
a,b
b
c
a,c

2.57
3.52
3.22
2.85
2.02

0.881
0.966
0.876
0.977
0.959

17.60
16.67
18.37
11.07
13.97

7.32
8.79
9.15
5.03
4.58

a Groups with the same letters are not significantly different from each other (Tukey, P , .05).

tooth surface with a finishing bur, and the custom base of
the bracket was cleaned with a scaler and sandblasted, and
the bonding procedure was repeated. The specimens were
stored in distilled water for 24 hours.

Debonding procedure

The brackets were debonded with a Zwicki Z2.5 univer-
sal testing machine (Zwick, Ulm, Germany) at a crosshead
speed of one mm/min.8,20 The plastic cylinders with the em-
bedded teeth and brackets were mounted on a joint and
were aligned in the testing apparatus to ensure consistency
for the point of force application and direction of the de-
bonding force for all specimens. A stainless steel wire loop
(0.020-inch diameter) was engaged under the occlusal
bracket wings to produce a shear-peel force parallel to the
bracket base in an occlusogingival direction. The load at
failure was recorded.

For each specimen, the substrate surface was examined
with an optical stereomicroscope (magnification 103), and
an adhesive remnant index (ARI) was determined,21 which
is as follows:

• 0, no adhesive left on the tooth.
• 1, less than half of the adhesive left on the tooth.
• 2, more than half of the adhesive left on the tooth.
• 3, all the adhesive left on the tooth, with distinct impres-

sion of the bracket mesh.

The ARI score was assessed by the same operator.

Statistical analysis

To calculate shear bond strength, the debonding forces
in Newton were converted to stress values in megapascals
by taking into account the surface area of the bracket base.
Bond strengths of the different groups were compared by
one-way analysis of variance (ANOVA), with post hoc Tu-
key tests (P , .05). A Weibull analysis was performed; the
Weibull modulus, characteristic bond strength, correlation
coefficient, and the level of stress at 10% probability of
failure were calculated. Kruskal-Wallis and Mann-Whitney
nonparametric tests were used to determine whether there
were any significant differences in the ordinal ARI values
(P , .05).22,23

RESULTS

The mean shear bond strengths, standard deviations, and
parameters of the Weibull analysis (modulus, correlation
coefficient, characteristic bond strength, stress at 10% prob-
ability of failure) are given in Table 1. Figure 1 shows the
Weibull distribution plots of the probability of failure at a
certain shear stress level for the different groups.

In group B, bond failure occurred in one specimen when
the transfer tray was removed from the cast. The bonding
procedure was repeated for this specimen. ANOVA showed
that there were significant differences in shear bond
strength among the groups investigated (F 5 8.118, P ,
.001). The results of the post hoc Tukey tests demonstrated
significant differences among the groups (see Table 1). Al-
though groups A, B, and C were not significantly different
from each other, bond strength was found to be significantly
lower for group D. Mean bond strength for group E was
significantly lower than for group C.

No enamel fractures were found in any of the specimens.
Median, mean, standard deviation, and range of the ARI
scores are given in Table 2. The Kruskal-Wallis test indi-
cated that there were significant differences among the
groups (x2 5 11.29, P , .05). The Mann-Whitney tests
showed that group D had significantly lower ARI measure-
ments than did group A (P , .01), whereas the ARI scores
for all other group comparisons were not found to be sig-
nificantly different from each other.

DISCUSSION

One of the problems in the investigation of the hydro-
philic primer is that the effectiveness of the material may
vary with the degree of moisture contamination.2 There
seems to be a limit as to how much of a wet field is ac-
ceptable and excessive surface moisture can result in a de-
crease in bond strength.24 Furthermore, the manufacturer
recommends applying a ‘‘liberal coat of the primer.’’ This
is different from recommendations for conventional primers
and may introduce an additional variable; the definition of
‘‘liberal’’ is certainly subjective. The manufacturer’s in-
structions for the use of the moisture-insensitive primer ex-
plain that although it is not critical to have moisture con-
tamination after etching the tooth surface and before appli-
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FIGURE 1. Weibull distribution plots. Groups—A (dry/dry): no contamination; B (saliva/dry): contamination with saliva before application of the
primer; C (water/dry): contamination with distilled water before application of the primer; D (saliva/saliva): contamination with saliva before and
after application of the primer; E (water/water): contamination with water before and after application of the primer.

TABLE 2. Frequency Distribution of Adhesive Remnant Index
(ARI) Scores of the Groups Testeda

Group

ARI scores

0 1 2 3 Median Mean SD Range

A (dry/dry)
B (saliva/dry)
C (water/dry)
D (saliva/saliva)
E (water/water)

—
—
—
1
1

9
14
12
17
14

11
6
8
2
5

—
—
—
—
—

2.00
1.00
1.00
1.00
1.00

1.55
1.30
1.40
1.05
0.20

0.51
0.47
0.50
0.39
0.52

1–2
1–2
1–2
0–2
0–2

a SD indicates standard deviation. ARI: 0, no adhesive left on the
tooth; 1, less than half of the adhesive left on the tooth; 2, more than
half of the adhesive left on the tooth; 3, all the adhesive left on the
tooth, with distinct impression of the bracket mesh.

cation, the application of the primer needs to be repeated
if contamination occurs after the primer has been used.
However, this will not necessarily be possible when bond-
ing is performed in areas that are difficult to isolate; it may
be infeasible to avoid contamination after the primer has
been applied and before placing the transfer tray on the
tooth, and saliva contamination may go unnoticed. There-

fore, two different scenarios of contamination seem relevant
in a clinical setting and were simulated in this study: (1)
contamination occurs before the primer is applied and (2)
contamination occurs both before and after application of
the primer. Although the results showed a significant de-
crease in bond strength for the latter situation compared
with bonding to uncontaminated etched enamel, mean bond
strength measurements of 9.85 MPa (group D) and 11.92
MPa (group E) were found.

Bovine permanent mandibular incisors were used in this
study. Bond strength measurements for bovine teeth have
been found to be equal to, slightly lower, or lower than for
human teeth.25–28 In general, interstudy comparison of bond
strength measurements is complicated by a variety of ma-
terials and methods that have been used in bond strength
studies;29 these include variations in tooth type, storage con-
ditions, method of debonding, analysis of the results, and
the selection of products for comparison.30

The rationale for applying a Weibull analysis for bond
strength testing was outlined by Hobson et al.8 The Weibull
analysis gives information about the probability of bracket
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failure in the worst scenario, thus the most detrimental type
of moisture contamination, and may allow for comparison
with bond failures reported in previous clinical studies.
When comparing results of in vitro and in vivo studies on
the hydrophilic primer, Littlewood et al9,17 emphasized that
the lower values of the bond strength distribution govern
the likelihood of clinical failure. Littlewood et al9,17 sug-
gested using the 5% chance of failure as a more appropriate
level to assess bond strength. According to these authors,
the bond strength of a material with a 5% chance of failure
should be at least 5.4 MPa. In this study, this requirement
was met only by groups A, B, and C. Groups D and E
showed lower bond strength at the 5% probability of fail-
ure. Hobson et al8 proposed the calculation of probability
of failure at the clinically sufficient bond strength level of
eight MPa as recommended by Reynolds.31 When using the
moisture-resistant primer in direct bonding techniques,
Hobson et al8 found a 14% chance of bond failure for the
worst case scenario (blood contamination). In our study,
groups A, B, and C showed a lower probability of failure
at this level of stress. However, groups D and E were char-
acterized by failure probabilities of 33% and 28%, respec-
tively, which are higher than those that are clinically ac-
ceptable. This demonstrates that despite mean bond strength
measurements of 9.85 and 11.92 MPa in these two groups,
there is an increased risk of bond failure when contami-
nation occurs after application of the hydrophilic primer.
For group D, ARI scores were significantly lower than for
the control group A, indicating that contamination with sa-
liva after application of the hydrophilic primer resulted in
a shift of the weak link of the bond toward the enamel-
adhesive interface.

In a recent study, Grandhi et al2 found higher bond
strength when the hydrophilic primer was used in combi-
nation with a light-cured adhesive compared to chemically
cured adhesive. Grandhi et al2 speculated that when used
in a wet field, the primer becomes diluted and that the hy-
drophobic nature of the chemically cured adhesive repels
the primer, resulting in inadequate bond strength. Accord-
ing to these authors, there is potentially no mechanism for
hardening of the hydrophilic primer because there is no
application of visible light. The chemically cured composite
adhesive used by Grandhi et al2 in their study was Conciset
(3M-Unitex, Monrovia, Calif.). It was hypothesized that the
hydrophobic nature of Conciset adhesive repels the primer.
The present study used Sondhi Rapid Sett adhesive. This
material was developed specifically for indirect bonding
purposes. It is also chemically cured but is a completely
different adhesive system in terms of viscosity and setting
time compared with Conciset. Our results indicate that this
adhesive seems to be compatible with the hydrophilic prim-
er and results in adequate bond strength in a dry and a wet
field. This demonstrates that the hydrophilic primer does
not necessarily require a light-cured adhesive to allow for
adequate polymerization. Therefore, the hydrophilic primer

can be recommended for use with the indirect bonding tech-
nique used in this study.

CONCLUSIONS

1. Bond strength for the custom base indirect bonding
technique with the hydrophilic primer was not significantly
different in groups without contamination and with water
or saliva contamination before application of the primer.

2. Moisture contamination after application of the hydro-
philic primer resulted in significantly lower bond strength
measurements compared with bond strength for uncontam-
inated enamel. Although average bond strength values of
9.85 6 3.77 MPa (group D, saliva contamination) and
11.92 6 4.76 MPa (group E, water contamination) were
measured for these groups, the Weibull analysis indicated
a higher risk of bond failure at clinically relevant levels of
stress.
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