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Microleakage under orthodontic bands cemented with

nano-hydroxyapatite-modified glass ionomer

An in vivo study

Enas T. Enana; Shaza M. Hammadb

ABSTRACT
Objectives: To estimate the in vivo effect of nano-hydroxyapatite (HA) modification of banding
glass-ionomer cement on microleakage under orthodontic bands.
Materials and Methods: Eighty noncarious premolars scheduled for extraction in 20 orthodontic
patients were randomly divided into four groups. Grouping was based on the ratio of nano-HA (0%,
5%, 10%, 15% by weight) added to the luting glass-ionomer cement (GIC) Ketac-Cem, which was
used for cementation of prefabricated micro-etched orthodontic bands. Dye penetration method
was used for microleakage evaluation at the cement-band and cement-enamel interfaces.
Statistical evaluation was performed with a Kruskal-Wallis test and a Mann-Whitney U-test, and a
Bonferroni-adjusted significance level was calculated.
Results: Bands cemented with conventional GIC showed the highest microleakage scores in
comparison to those cemented with nano-HA-modified GIC. No significant difference was found
between teeth banded with 10% and 15% modified GIC.
Conclusions: Modification of the banding GIC with 15% nano-HA revealed a positive effect on
reducing microleakage around orthodontic bands. (Angle Orthod. 2013;83:981–986.)
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INTRODUCTION

Orthodontic treatment requires anchorage from the
posterior teeth to hold and guide other teeth in the
arch; this necessitates a firm attachment on the anchor
teeth. Such an attachment can be practically obtained
by orthodontic bands cemented on premolars and
molars.1 Enamel demineralization adjacent to fixed
orthodontic appliances such as bands and brackets is
a major complication in orthodontic patients, especially
those with poor oral hygiene.2–4 Different studies have
reported the prevalence of these lesions to be up to
95% during fixed orthodontic treatment.5,6

Glass-ionomer cement (GIC) has been widely used
for cementing orthodontic bands because of its
anticariogenic property, which is attributed to release
of fluoride.7–10 In comparison with other banding
cements, such as zinc phosphate or zinc polycarbox-
ylate, GIC offers considerable advantages. Its capacity
for adhesion to enamel and metal, provided by its
content of polyacrylic acid, combined with its higher
strength result in superior clinical performance and
reduced band failure.11,12

HA is one of the most biocompatible and bioactive
materials, and its nano-sized particles are similar to the
apatite crystal of tooth enamel in morphology, crystal
structure, and crystallinity.13 The effect of nano-
structuring on the properties of HA was described by
Kaehler,14 who attributed the enhanced biocompatibil-
ity of nano-HA with the increased surface area and
proportion of atomicity to decreasing its particle size.

Remineralization in enamel was previously defined
as ‘‘the deposition of mineral in demineralized defects
at a molecular level.’’15 Thus, an increasing number of
reports have shown that nano-HA has the potential to
remineralize artificial carious lesions following its
addition to toothpastes, mouthwashes, etc.16–18 Sever-
al studies19–21 sought to determine the most effective
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concentration of HA for enamel remineralization.
However, a study by Huang et al.22 reported that a
concentration of 10% nano-HA may be optimal for
remineralization of early enamel lesions.

Addition of HA to conventional GIC was tried by
some researchers in an attempt to enhance its
chemical and mechanical properties.23–25 However,
there are no reported in vivo studies regarding
modification of GIC by HA nanoparticles for orthodon-
tic banding. Accordingly, the aims of this in vivo
investigation were to determine and compare micro-
leakage patterns of conventional GIC and GIC with
different concentrations of nano-HA for band cemen-
tation. Our null hypothesis assumed that there were no
statistically significant differences in microleakage
between GIC groups with different ratios of nano-HA
(HA, 0%, 5%, 10%, 15% by weight).

MATERIALS AND METHODS

The study was designed as a split-mouth, within-
subject clinical trial. It was scientifically and ethically
approved by the Research Committee of Mansoura
University. Informed consent was obtained from
patients older than 18 and from parents of the younger
subjects. The subjects included 12 females and eight
males who were scheduled for extraction of four
premolars as part of their orthodontic treatment. The
inclusion criteria were:

N Age less than 20 years, because the highest
incidence of caries occurs during the teenage years;

N Premolars fully erupted and intact without visible
defects on their buccal and lingual surfaces; and

N Regular tooth-brushing habit.

For each patient, the four first premolars were
randomly assigned to one of the following treatment
groups: conventional GIC (group 1; Ketac-Cem; 3M
ESPE, Gmbh, Seefeld, Germany); GIC with 5% nano-
hydoxyapatite (group 2); GIC with 10% nano-hydox-
yapatite (group 3), and GIC with 15% nano-hydox-
yapatite (group 4). This distribution allowed for the
same environment for all the tested teeth. For groups
2, 3, and 4, nano-HA powder was prepared from
aqueous solutions using the wet precipitation method.
This method depended basically on the addition of
phosphate-containing aqueous solutions to calcium-
containing aqueous solutions, or the reverse, to obtain
precipitates of calcium phosphates.26 Nano-HA crys-
tals were of nanometer grade and had a crystal size of
5–26.7 nm in diameter by 30–84 nm in length. These
nano-HA crystals are similar in crystallinity to apatite in
bone and enamel, as revealed by x-ray diffraction. The
addition of HA to glass ionomer cement powder was
done by weight: 5%, 10%, and 15% (for example, in

the 10% group, each 10 mg of HA was mixed with
90 mg of GIC to get GIC reinforced by 10% of HA). The
weight of elements was measured using an electronic
balance and admixed in a period of about 30 minutes
to get homogenous mixtures and to reduce the amount
of microbubbles during mixing. After cleaning teeth
with nonfluoride pumice, stainless steel, micro-etched
orthodontic bands (3M Unitek, Monrovia, Calif) with
attachments were fitted, and margins were adapted by
a band pusher. Bands were approximately seated at
the same position of each tooth on the middle third of
the crowns. Then, bands were tightly fitted to decrease
the possibility of enamel dissolution, and excess
cement was removed to prevent affecting test
results.27

For the testing procedure, 20 bands were cemented
randomly in each group (10 upper and 10 lower first
premolars in each of the four groups). After 60 days,
teeth were extracted and stored in distilled water for
24 hours. Before methylene blue dye penetration,
teeth apices were sealed with sticky wax. After that,
teeth were rinsed in tap water and air dried, and nail
varnish was applied to the entire surface of the tooth
except for approximately 1 mm from the bands. To
minimize dehydration of the specimens, teeth were
placed in water as soon as the nail polish dried. Then
teeth were immersed in 0.5% solution of methylene
blue for 24 hours at room temperature. After removal
from the solution, teeth were rinsed in tap water, the
superficial dye was removed with a brush, and then
teeth were dried and embedded in self-curing acrylic
up to the occlusal surface of the band.28 Each premolar
was separated into two parts in the mesiodistal
direction. Four parallel, longitudinal sections from the
middle part of each premolar were made at the
occlusobuccal and occlusolingual surfaces with a
low-speed diamond saw (Isomet; Buehler, Lake Bluff,
Ill) in the bucco-lingual direction according to the
method of Arhun et al.29 The specimens were
evaluated with a stereomicroscope (203 magnifica-
tion; SZ 40; Olympus, Tokyo, Japan) for dye penetra-
tion along the cement-band interface. Then the band
materials were gently removed from the cement, and
dye penetration at the cement-enamel interface was
also evaluated with the stereomicroscope. Each
section was scored from both the buccal and lingual
sides of the bands between the cement-band and
cement-enamel interfaces. Microleakage was mea-
sured directly by an electronic digital caliper (Digimess;
Shiko Precision Gaging Ltd, Shandong, China). The
depth of dye penetration in specimens was evaluated
by two examiners up to 0.1 mm, and the average of the
examiners’ measurements for each sample was
recorded.27

982 ENAN, HAMMAD

Angle Orthodontist, Vol 83, No 6, 2013



Statistical Analysis

Data were analyzed with the statistical software
SPSS (version 11.0J; SPSS Japan, Tokyo, Japan).
Five randomly selected specimens from each group
were reexamined, and intraexaminer and interexami-
ner method errors were evaluated by kappa test.
Microleakage scores of the cement-band and cement-
enamel interfaces were obtained by calculating the
buccal and lingual microleakage scores. After statisti-
cal evaluation of leakage for each specimen, the score
for each group was obtained by calculating the means
of the buccal and lingual microleakage scores. The
Shapiro-Wilks normality test and Levene variance
homogeneity test were applied to the microleakage
data. Data showed nonnormal distribution, and there
was no homogeneity of variances among the groups.
Thus, the statistical comparison between groups was
performed with nonparametric tests (Kruskal-Wallis
and Mann-Whitney U-tests). The overall difference
between the studied groups in every interface was
evaluated by a Kruskal-Wallis test. Each pair in the
four studied groups in the two interfaces was com-
pared by Mann-Whitney U-test, and the resulting P
value was corrected according to the total number of
comparisons done in every interface (six comparisons)
using the Bonferroni method to overcome the possi-
bility of a type I error. P , 0.05 was considered
significant (,0.008 in Bonferoni-corrected Mann-Whit-
ney U-test).

RESULTS

The intraexaminer and interexaminer kappa scores
for assessment of microleakage were high, with all
values greater than .70 (Table 1). Descriptive statisti-
cal values and buccal and lingual microleakage
comparisons between the cement-band and cement-
enamel interfaces are shown in (Table 2). Compari-
sons of the buccal and lingual microleakage scores for
all specimens had no statistically significant differenc-
es for the side (P . .05). Thus, the buccal and lingual
microleakage scores for each specimen were pooled,
and the microleakage values for each band-cement
and cement-enamel interface were obtained by calcu-
lating the mean of the buccal and lingual microleakage
scores. Descriptive statistics and results of the
statistical tests for microleakage between the ce-
ment-band and cement-enamel interfaces are shown
in (Table 3). Statistical comparisons showed signifi-
cant differences among the four groups interfaces (P
5 .005 and P 5 .001 for cement-band and cement-
enamel, respectively). Therefore, the null hypothesis of
no statistically significant differences in microleakage
between different groups was rejected. In both studied
interfaces, significant microleakage differences were
found between group 1 and groups 2, 3, and 4 (P ,

.008). Significant differences were also found between
group 2 and groups 3 and 4 (P , .008). However, no
significant difference was found between groups 3 and
4. Group 1 had the highest microleakage scores

Table 1. Intraexaminer and Interexaminer Kappa Scores for Assessment of Microleakage

Evaluation Type

Buccal Side Lingual Side

Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4

Intraexaminer .89 .93 .71 .87 .99 .90 .95 .91

Interexaminer .72 .77 .71 .79 .98 .89 .95 .90

Table 2. Buccal and Lingual Microleakage Comparisons Between Cement-Band and Cement-Enamel Interfaces

Interface Group Side n Median, mm Interquartile Range P

Cement-band 1 Buccal 20 0.566 0.449–0.695 .209

Lingual 20 0.421 0.267–0.534

2 Buccal 20 0.111 0.056–0.191 .465

Lingual 20 0.133 0.060–0.193

3 Buccal 20 0.048 0.000–0.086 .435

Lingual 20 0.020 0.000–0.051

4 Buccal 20 0.053 0.000–0.134 .136

Lingual 20 0.000 0.000–0.000

Cement-enamel 1 Buccal 20 0.894 0.795–0.972 .602

Lingual 20 0.911 0.832–0.969

2 Buccal 20 0.493 0.353–0.606 .754

Lingual 20 0.555 0.420–0.705

3 Buccal 20 0.133 0.066–0.222 .917

Lingual 20 0.122 0.068–0.190

4 Buccal 20 0.119 0.060–0.178 .123

Lingual 20 0.001 0.000–0.015

* Significance was considered P , .05.
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between the cement-band (median, 0.49 mm) and
cement-enamel (median, 0.90 mm) interfaces.

DISCUSSION

Clinical practice showed that orthodontic banding
increases susceptibility to enamel decalcification,
because the orthodontic band with its welded attach-
ment provides a shelter for plaque accumulation.30

Recently, nano-HA has been widely suggested to
rebuild tooth enamel that is prone to mineral loss due to
its unique capability of remineralization.31,32 Most
research has suggested that nano-HA could repair
damaged enamel through adsorption onto its sur-
face32,33 or even by filling up defects and micropores
on demineralized teeth.16,17 In the current study, nano-
HA was selected as a demineralizing agent, as it was
easily added to conventional GIC, used for band
cementation, and able to reduce enamel decalcification,
and thus microleakage, around orthodontic bands.

Dye penetration is a common method to assess
microleakage in restorative dentistry34 and orthodon-
tics28,29 because it is simple, relatively cheap, and
quantitative.34 Because of the range of bacteria sizes,
dyes such as methylene blue and fuchsine are realistic
agents to determine the sealing ability of the tested
material.35

In our study, micro-etched bands were used because
they showed higher bond strength and lower clinical
failure rate than untreated bands.11,36 Our assessments
were made from four parallel longitudinal sections
through the buccal and lingual surfaces according to
the methods of Arhun et al.29 and Arikan et al.37

Different failure sides for bands were reported.38–40

Evaluations in this study were performed for all groups
from two interfaces: cement-band and cement-enamel.
Microleakage at the cement-band interface might play
a role in band failure caused by adhesion degradation.
However, the cement-enamel interface is more critical
because it can also cause white spot lesions.

Results of this study showed significant microleak-
age differences among the four groups. Conventional
Ketac-Cem GIC (group 1) had the highest microleak-
age scores for both interfaces, whereas groups 3 and
4 had the lowest values. Dye penetration was
correlated with the degree of enamel demineralization
caused by acid incubation.29 Larger demineralization
areas are likely with bands cemented with convention-
al GIC compared to those of bands modified with
nanoparticles. These findings can be related to the
demineralizing effect of nano-HA, which was incorpo-
rated in the banding GIC. As a result of enamel
remineralization, deposition of nano-HA would proba-
bly block surface pores and inhibit diffusion of the dye
into the lesion. The ability of nano-HA to promote
remineralization was explained by Huang et al.,22 who
applied an in vitro pH-cycling model to evaluate the
effect of nano-HA concentration on initial enamel
lesion. It was assumed that nano-HA particles pene-
trate the enamel pores, where they precipitate and
attract a large amount of Ca2+ and PO4

32 from the
remineralization solution to fill the vacant positions of
enamel calcium crystals. This would enhance crystal
integrity and growth.22

Regarding the effect of HA concentration, the
present results indicated a direct proportionality
between HA concentration and the rate of enamel
remineralization, up to a certain limit. Kim et al.17

mentioned that higher concentration increases the
rate and amount of nano-HA precipitation, along with
the deposition of extensive amounts of Ca2+ and
PO4

32, thus significantly promoting the remineraliza-
tion effect. However, this deposition would eventually
come to a stable level even though the concentration
increased, which would result in no significant differ-
ence between the 10% and 15% nano-HA groups.

The demineralization-inhibition results of the present
study indicate that GIC with 15% nano-HA is a
promising material for orthodontic banding that may

Table 3. Total Microleakage Comparisons Between Cement-Band and Cement-Enamel Interfaces of the Test Groupsa

Interface Group n Median, mm Interquartile Range P*

Multiple Comparison P **

Gp2 Gp3 Gp4

Cement-band 1 20 .493 0.410–0.568 .005 .001 .002 .001

2 20 .122 0.056–0.188 .005 .001

3 20 .034 0.000–0.080 .005 NS

4 20 .027 0.000–0.011 .001 NS

Cement-enamel 1 20 .903 0.842–0.964 .001 .003 .001 .001

2 20 .524 0.428–0.630 .001 .005

3 20 .128 0.068–0.186 .001 NS

4 20 .064 0.005–0.132 .005 NS

a NS indicates not significant.

* P , 0.05, using a Kruskal-Wallis test.

** P , 0.008, using a Bonferroni-corrected Mann-Whitney U-test.
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guarantee a minimal amount of demineralization
around the bands at the end of orthodontic treatment.
However, further long-term studies may be needed to
evaluate the correlation between microleakage and
shear bond strength of the bands.

CONCLUSIONS

N Dye penetration records of the tested specimens
indicated a significant positive effect of nano-HA on
reducing microleakage around orthodontic bands.

N The buccal and lingual sides in all groups had similar
microleakage scores for both the cement-enamel
and cement-band interfaces.

N Teeth banded with 15% modified GIC had lower
microleakage scores.

N Additional studies are required for evaluating the
physical properties of this modified GIC.
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