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Shear Bond Strength Differences of Types of Maxillary Deciduous and
Permanent Teeth Used as Anchor Teeth
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ABSTRACT
Objective: To compare the bond strengths of identical orthodontic brackets bonded to maxillary
deciduous and permanent teeth, which were used as anchor teeth in sectional edgewise appliance
therapy, and to evaluate the modes of bracket/adhesive failure.
Materials and Methods: A total of 28 human maxillary teeth were divided into four groups by
tooth type: permanent first premolars (group I), permanent second premolars (group II), deciduous
canines (group III), and deciduous second molars (group IV). Each group consisted of seven
teeth. Metal premolar brackets were bonded to these specimens using an acid-etching adhesive
system. Shear bond strengths were measured using a universal testing machine, and the bracket/
adhesive failure modes were evaluated with the Adhesive Remnant Index.
Results: The shear strengths of the bonds on the deciduous canines and second molars were
significantly lower than those on the permanent first and/or second premolars. There were no
significant differences in shear bond strength between the permanent first and second premolars,
and between the deciduous canines and second molars. The shear bond strengths of all four
tooth types were higher than the clinically sufficient range of strengths from 6 to 8 MPa. Bond
failure at the enamel-adhesive interface occurred more frequently in the deciduous second molars
than in the permanent first premolars.
Conclusions: There were significant differences in shear bond strength among different perma-
nent and deciduous tooth types, but deciduous teeth could be used as anchor teeth in orthodontic
treatment with sectional edgewise appliances.
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INTRODUCTION

A two-by-four sectional edgewise appliance has
been used for early orthodontic treatment of dental
(functional) anterior crossbites, maxillary incisor
crowding, and maxillary impacted (unerupted) incisors
in the mixed dentition.1–3 For the treatment of these
malocclusions, the sectional edgewise appliance has
been applied more frequently to the maxillary dentition
than to the mandibular dentition. To facilitate correc-
tion of the anterior crossbite and alignment of the max-
illary ectopic/impacted incisor in early orthodontic
treatment, orthodontic brackets might be bonded not
only to premolars, but also to deciduous canines and
molars in addition to the two permanent maxillary first
molars and four permanent incisors. These premolars
and deciduous teeth are used to reinforce anchorage
in sectional edgewise therapy.3

The bonding characteristics of orthodontic brackets
have been evaluated using shear and tensile bond
strengths,4–8 adhesive remnant indices,4,7,8 probability
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of bracket failure,4,8 and survival times of bonded
brackets.9 The bond strength of brackets to extracted
human teeth provides clinicians with useful information
on the adhesive systems used in edgewise appliance
therapy. Most of the previous studies of bond strength
used human premolars,7,8,10,11 and a few used human
incisors, canines, and molars5,6 or bovine teeth.12 Bo-
vine enamel has the advantages of easy availability
and similarities in physical properties and composition
to human enamel.13 It has been reported that bovine
enamel is a reliable substitute for human enamel in
adhesion tests,14 although bond strength to bovine
enamel was 21% to 44% lower than that to human
enamel.13 In an investigation of the shear bond
strengths of brackets to 12 different human permanent
teeth, Hobson et al4 showed that tooth type had a sig-
nificant effect on bond strength, and suggested that,
to achieve meaningful comparisons, bond strength
measurements should be made using the same tooth
type, or appropriate stratification of groups of test teeth
should be used. To the authors’ knowledge, no study
has been made as yet to examine the effect of human
deciduous tooth types on bond strength.

The purpose of this study was, therefore, to deter-
mine the effects of different permanent and deciduous
tooth types on the bond strengths of identical ortho-
dontic brackets and on the bracket/adhesive failure
modes. The authors selected the maxillary permanent
and deciduous teeth that are used most commonly as
anchor teeth in orthodontic treatment with sectional
edgewise appliances.

MATERIALS AND METHODS

The protocol was approved by the local Committee
of Ethics. Informed consent was obtained from all par-
ticipants in this study, who had been given necessary
information about the study in writing and/or orally. Hu-
man maxillary first premolars (group I), maxillary sec-
ond premolars (group II), maxillary deciduous canines
(group III), and maxillary deciduous second molars
(group IV) were collected for use in this study. Each
group consisted of seven teeth. These extracted teeth
were washed in water to remove any traces of con-
tamination and stored in a solution of 0.1% thymol at
4�C prior to use. The criteria for tooth selection includ-
ed intact buccal enamel with no pretreatment chemical
agents, no cracks from extraction, no hypoplastic
enamel, and no caries.

Metal premolar standard edgewise brackets with a
0.018-inch slot (Victory series; 3M Unitek, Monrovia,
Calif) were used in this study. The average bracket
base area was 9.94 mm2.

The brackets were bonded to the teeth with an acid-
etching adhesive system, according to the manufac-

turer’s instructions. The buccal surface of each tooth
crown was polished with a mixture of water and fluo-
ride-free pumice in a rubber prophylactic cup for 10
seconds. Each tooth was then rinsed with a water
spray for 10 seconds and dried with an oil- and mois-
ture-free air stream. The buccal enamel surface was
etched with 35% phosphoric acid gel (3M Unitek) for
15 seconds and then thoroughly rinsed and dried. A
frosted appearance indicated successful etching. A
thin uniform layer of Transbond XT primer (3M Unitek)
was applied to the etched enamel surface, and Trans-
bond XT adhesive (3M Unitek) was applied to the
bracket base. The bracket was placed on the buccal
surface of the tooth and pressed firmly into place to
express excess adhesive from the margins of the
bracket base. Excess adhesive was removed with an
explorer before curing. After positioning, the brackets
were light-cured immediately with an Ortholux LED
curing light (3M Unitek) for 10 seconds (5 seconds
mesially and 5 seconds distally on each tooth).

The root of each tooth that was bonded to a bracket
was cut off with a separating disk. The tooth crowns
were embedded in the specimen holder ring with self-
curing acrylic resin, so that the buccal enamel surface
was parallel to and projected above the brim of cylin-
dric specimen holder rings. All specimen holder rings
with the embedded teeth were stored in distilled water
at 37�C for 24 hours.

A universal testing machine (EZ Test; Shimadzu,
Kyoto, Japan) was used to test the shear bond
strength. The specimen holder rings were arranged in
this machine so that the load applied to the occlusal
bracket wings, with a force in the occlusogingival di-
rection, was parallel to the buccal enamel surface. The
force required to shear off the bracket was recorded
in Newtons at a crosshead speed of 1.0 mm per min-
ute. The shear bond strength (MPa) was then calcu-
lated by dividing the shear force by the bracket base
area.

After the shear bond strength was tested, the brack-
et bases and the enamel surfaces were examined
through a stereomicroscope with a magnification of 8�
by one investigator to evaluate the amount of adhesive
remaining on the tooth. The Adhesive Remnant Index
(ARI) was used to assess the quantity of adhesive re-
maining on the enamel surface.15 ARI scores ranged
from 0 to 3: 0, no adhesive remained on the tooth in
the bonding area; 1, less than half of the adhesive
remained on the tooth; 2, more than half of the ad-
hesive remained on the tooth; and 3, all the adhesive
remained on the tooth with a distinct impression of the
bracket base.

Statistical Analysis
Statistical analyses were performed with the soft-

ware StatMate III (ATMS, Tokyo, Japan). The mean
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Table 1. Descriptive Statistics for Shear Bond Strength of Four Groups and Tukey Multiple-Comparison Tests

Groups n

Shear Bond Strength (MPa)

Mean SD Range

Tukey Test

Comparison
of Group Significancea

Group I 7 11.92 2.51 8.56–12.90 I vs II
I vs III
I vs IV

NS
NS
P � .05

Group II 7 12.92 2.22 10.36–15.44 II vs III
II vs IV

P � .05
P � .01

Group III
Group IV

7
7

8.18
7.25

2.77
4.06

4.81–13.19
3.76–13.27

III vs IV NS

a NS indicates not significant.

Table 2. Distribution of ARI Scores of the Four Groups

Group

ARI Score

0 1 2 3

Group I
Group II
Group III
Group IV

0
1
2
4

4
6
3
3

2
0
1
0

1
0
1
0

bond strengths, standard deviations, and ranges were
calculated for each of the four groups. A one-way anal-
ysis of variance (ANOVA) was used to determine
whether significant differences in shear bond strength
existed among these four groups. If a significant dif-
ference was present, post hoc Tukey tests were used
to identify which groups were different from each oth-
er. A nonparametric Kruskal-Wallis test was used to
test significant differences between these groups with
regard to ARI scores.

RESULTS

The shear bond strengths of tooth groups and the
results of post hoc Tukey tests are shown in Table 1.
The one-way ANOVA showed significant differences
in shear bond strength among the four groups. The
post hoc Tukey tests showed significant differences in
shear bond strength between groups I and IV, be-
tween groups II and III, and between groups II and IV.
The highest mean bond strength was found in group
II and the lowest in group IV. The distribution of ARI
scores for each group is shown in Table 2. The Krus-
kal-Wallis test showed significant differences in ARI
scores between groups I and IV (P � .05). Bond failure
at the enamel-adhesive interface occurred more fre-
quently in group IV teeth than in group I teeth.

DISCUSSION

In this study, one-way ANOVA and post hoc Tukey
tests showed that the shear bond strengths of maxil-
lary deciduous and permanent tooth types were sig-
nificantly different. However, there were no significant

differences in shear bond strength between different
types of permanent teeth or between different types of
deciduous teeth. This finding supports the observation
made by Hobson et al,4 who demonstrated that there
was no significant difference in shear bond strength
between maxillary first and second premolars. In the
present study, the deciduous canines had significantly
lower shear bond strength than the permanent first
premolars, and the deciduous second molars had sig-
nificantly lower shear bond strength than the perma-
nent first and second premolars, thus clearly showing
that the shear bond strengths of the deciduous teeth
were significantly lower than those of the permanent
teeth. Only a few studies have ever been conducted
concerning the bond strengths of orthodontic brackets
to deciduous teeth.11,16 Our findings that deciduous
teeth had significantly lower shear bond strengths than
permanent teeth are consistent with those by Endo et
al11 and contradict those reported by Ergas et al,16 in
that the latter study found no significant differences in
shear bond strength between brackets bonded to de-
ciduous molars and those bonded to permanent pre-
molars.

It could be speculated that the significantly lower
shear bond strength found in the present study for de-
ciduous teeth vs permanent teeth might be a result of
the enamel surface structure and the adhesive thick-
ness between the bracket base and the enamel sur-
face. The outer prismless enamel layer is more com-
monly found on deciduous teeth than on permanent
teeth.17,18 Ripa et al17 reported that the area on the
labial surface where the prismless enamel layer exists
most widely covers the middle third of the tooth crown
of deciduous teeth, whereas this area covers the gin-
gival third of permanent teeth. This middle third area
in deciduous teeth corresponds to the position where
the brackets are bonded. Whittaker18 demonstrated
that, on the surface area where brackets were bonded,
the percentage of teeth with the most frequent prism-
less enamel layer width (16 to 45 �m) was higher on
deciduous teeth than on permanent teeth. These var-
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iations in the frequency and distribution of prismless
enamel between different tooth types and between dif-
ferent sites on the same tooth type may contribute to
the difference in shear bond strength between per-
manent and deciduous teeth. After acid-etching con-
ditioning, the outer prismless enamel layer exhibits a
shallow etching pattern19 and limited random porosi-
ty,20 creating insufficient adhesive resin penetration
into the enamel surface and resulting in the lower bond
strength on deciduous teeth than on permanent teeth,
as shown in this study.

It has been reported that deciduous tooth enamel
has higher percentages of moisture and organic con-
tents and a lower percentage of inorganic contents
than permanent tooth enamel.21–23 The structure of de-
ciduous tooth enamel, with its low inorganic and high
organic contents, may produce poorly developed etch-
ing patterns and may be also responsible for the lower
bond strength. This may suggest that much more time
should be spent on etching in the case of deciduous
teeth than in permanent teeth if greater bond strength
is to be achieved.

The bases of the brackets used in this study are
designed to match the enamel surface configurations
of first and second premolars. The enamel surface
configuration of the deciduous canines is similar to that
of the premolars, whereas the configuration of the de-
ciduous second molars is more complex than that of
the premolars, thus causing the adhesive thickness
between the bracket base and the deciduous enamel
surface to increase. The increased adhesive thickness
caused by the application of premolar brackets to the
deciduous canines and second molars may be another
contributor to lower bond strength in the deciduous
teeth. The complex configuration of the deciduous
second molars may be also responsible for the large
standard deviations and ranges in group IV, indicating
that the shear bond strength of these teeth varies
widely with bonding techniques.

No published studies have investigated the effect of
deciduous tooth types on the shear bond strength of
orthodontic brackets. The present study found that the
shear bond strengths of all four tooth types were high-
er than the clinically acceptable range of 6 to 8 MPa.24

The values for shear bond strengths to the deciduous
canines and second molars in this study were very
similar to those observed by Endo et al,11 who mea-
sured the shear bond strengths by using the two
groups of deciduous teeth, each containing the same
numbers of deciduous canines and first and second
molars. Although the deciduous teeth had significantly
lower shear bond strengths than the permanent teeth
in this study, the values of the shear bond strengths
to the deciduous canines (8.18 MPa) and second mo-
lars (7.25 MPa) did not constitute an obstacle to suc-

cessful clinical bonding, because these values were
relatively high and beyond or within the range of 6 to
8 MPa,24 and because the deciduous teeth were used
as the anchor teeth, so they were not forced to change
their position.

In our study, bond failure at the enamel-adhesive
interface occurred more frequently in the deciduous
second molars than in the permanent first premolars.
This might have reflected the insufficient penetration
of adhesive resins into the surfaces of the deciduous
second molars. Our findings that there were significant
differences in shear bond strength, but no significant
differences in the distribution of ARI scores, between
groups II and III and between groups II and IV support
some previous findings6,11,25 that the amount of resid-
ual adhesive resins might not be related to shear bond
strength.

CONCLUSIONS

a. There were significant differences in shear bond
strength among different types of permanent and
deciduous teeth.

b. The shear bonding strengths to the maxillary de-
ciduous canines and second molars were lower
than those to the maxillary permanent first and/or
second premolars.

c. There were no significant differences in shear bond
strength between maxillary permanent first and
second premolars or between maxillary deciduous
canines and second molars.

d. The shear bond strengths of all four tooth types
were higher than the clinically sufficient range of
strength of 6 to 8 MPa.

e. Bond failure at the enamel-adhesive interface oc-
curred more frequently in the deciduous second
molars than in the permanent first premolars.

f. The deciduous teeth could be used as anchor teeth
in orthodontic treatment with sectional edgewise
appliances.
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