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ABSTRACT

Aim: Using fluoride releasing materials such as Glass Ionomer Cement (GIC), can control
the demineralization around brackets. In this study, the shear bond strength of resin
reinforced GIC modified by Nano-hydroxyapatite (NHA) on ceramic bracket debonding is
evaluated. In addition, using full-dimension wire for safe debonding is also examined.
Study Design: Original article.
Place and Duration of Study: Department of Dentistry, Shahed University, Tehran,
IRAN, June 2013.
Methods and Material: 80 extracted human premolars received from a clinic were
partitioned into 4 groups. Bonding materials used in each group was as follows: Group 1:
Transbond XT as a control group, Group 2: Resin Modified GIC (RMGIC), Group 3:
RMGIC added 5% NHA and Group 4: RMGIC added 10% NHA. In all groups the enamel
was etched with 37% phosphoric acid and ceramic brackets were used. Each group
halved into 2 subgroups which just in one of them full dimension wire was employed at the
time of debonding. The shear bond strength, Adhesive Remnant Index (ARI) and bracket
failure figures were collected for each group. The data was latter analyzed using one-way
Analysis Of Variance (ANOVA), Tukey’s HSD (Honestly Significant Difference) Post-hoc
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and Kruskal Wallis Test methods.
Results: According to ANOVA, RMGIC added 5% NHA has no negative effect while
adding 10% NHA lowered the shear bond strength significantly. No bracket failure
occurred at debonding, either using or not using full dimension wire. ARI for RMGIC
groups were more cohesive than the control group.
Conclusion: RMGIC containing 5% NHA contributes bond strength similar to composite
resins, in bonding ceramic brackets, while its known demineralization resistance is a favor.

Keywords: Resin modified glass ionomer cement; nano-hydroxyapatite; shear bond strength;
ceramic brackets.

1. INTRODUCTION

Glass Ionomer Cement (GIC) introduced by Wilson and Kent (1972) has many advantageous
such as biocompatibility and cariostatic effect that promotes remineralization but,
unfortunately, its bond strength is clinically low [1,2].

In an attempt to increase fluoride release and to improve bond strength, resin-modified glass
ionomer cement (RMGIC) is proposed [3]. By incorporating various fillers such as silver
cements, stainless-steel powder, carbon and alumino-silicate fibers and hydroxyapatite (HA)
the physical properties of GIC is aimed to be improved. HA by itself is a major calcified
component of tooth and bone, which its decreased particle size, similar to the size of
minerals in teeth, leads to increased surface area and higher solubility [4,5]. However, Nano-
hydroxyapatite (NHA) can fill the micropores of enamel defects more effectively than HA by
releasing inorganic ions (like calcium and phosphate) due to its high solubility. Hence,
bonding strength between restorative material and teeth is enhanced [6,7].

Ceramic brackets have been available for clinical use since 1987. They enjoy both excellent
aesthetics and the well-known reliability of stainless steel brackets. However, a greater risk
of enamel fracture during bracket debonding has hampered its wide use [8]. Unlike the
stainless steel, the material cannot be flexed sufficiently during debonding, hence, higher
initial force is needed for brackets removal [9]. This is a major concern. Knowing that using
full dimension wire at the time of debonding in stainless steel brackets minimizes its
deformation [10], it seems to be wise to engage wire in ceramic bracket for the aim of
inhibiting its breakage.

The aim of this study is to evaluate the shear bond strength of RMGIC modified by NHA on
ceramic bracket debonding using a full-dimension wire.

2. MATERIALS AND METHODS

Eighty sound premolar teeth were selected from a bunch of extracted teeth collected during
ordinary dental treatments. The soft tissues were removed and stored in distilled water at
room temperature. The teeth were divided randomly into four groups of each 20 teeth. All the
samples were blindly prepared according to the following procedure in one day, by a single
practitioner who was trained for the study. The buccal surfaces of the teeth in all groups were
first etched with 37% phosphoric acid for 30 seconds and then Illusion® Plus™ Ceramic
Brackets (Ortho organizer, USA) were bonded using the following bonding systems with
details depicted in Table 1.
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Table 1. Materials used in the study

CompositionCompanyMaterial
Powder: Fluoro-alumino-silicate glass
Liquid: Polyacrylic acid, 2-hydroxyethyl
methacrylate (HEMA), dimethacrylate,
camphorquinone, water

GC Corporation
Tokyo, Japan

Fuji II LC

Adhesive paste: Silica, BIS-GMA, Silane, N-
dimethyl benzocaine, hexa-fluoro-phosphate

3M Unitek Orthodontic
Products, Monrovia,
CA, USA

Transbond XT

Purest Polycrystalline, 99% AluminaOrtho organizer
Carlsbad, CA,USA

Illusion® Plus™
Ceramic Bracket

Ca5(OH) (PO4)3Nanoshel LLC
Willmington DE, USA

Hydroxy
appatite Nano P

Group 1: Transbond XT (TBXT) (3M, St Paul, Mn, USA), Group 2: Fuji II LC (RMGIC) (GC Corp. Tokyo,
Japan), Group 3: Fuji II LC (GC Corp. Tokyo, Japan) added 5% NHA powder* (%5NHA), Group 4: Fuji

II LC (GC Corp. Tokyo, Japan) added 10% NHA powder* (10%NHA),
*Nano sized, rod- like Hydroxyapatite particles (NHA) final product from NANOSHEL Corporation

(Batch No #290090621)

In group 1, TBXT Primer (3M, St Paul, Mn, USA) was applied before bonding. The powder
and liquid were mixed according to the manufacturer’s instructions for the groups 2, 3 and 4.
After bracket placement, excessive adhesive was removed and then the bonding material
was cured for 40 seconds using LED light (L. E. Demetron, SDS Kerr, USA). The bonded
teeth were stored in distilled water with 0.5 percent chloramines-T disinfectant (Chloramin-T
trihydrate, Merck Corp. Germany) for 1 week at 37ºC in the incubator [10,11]. The teeth in
each group was divided into 2 subgroups, each containing 10 teeth which in one of them a
full dimension wire was inserted, Fig. 1. The teeth were mounted for testing and debonding
was done with the Instron Universal Testing Machine (Zwick Roell, Germany), Fig. 2, as
recommended previously by Fox et al. (1995) at a crosshead speed of 1mm/min [11]. A
chisel-shaped rod applied the shear force as close to the bracket-tooth interface as possible.
The load at failure point was recorded with the testXpert V11.0- software (Zwick Roell,
Germany) and calculated in megapascals (Mpa). In 4 subgroups, a full dimension wire
(0.021× 0.025 stainless steel) was inserted in the bracket slot before testing. Following
debonding, each tooth was examined under the stereomicroscope  at a magnification of ×10
and the percentage of adhesive that remained on the enamel was quantified according to the
values of the adhesive remnant index (ARI), ranging from 0 to 3, previously reported by
(Artun and Bergland, 1984) as follows:

0: no adhesive remained on the enamel surface.
1: less than 50 per cent of adhesive remained on the enamel.
2: more than 50 per cent of adhesive was left on the enamel.
3: the entire adhesive remained on the tooth structure [2,11].

The mean and standard deviation of bond strength were assessed and analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s HSD (Honestly Significant Difference)
Post-hoc for means contrast at α = 0.05. The modified ARI was calculated by Kruskal-Wallis
test to determine statistically significant differences [12].
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Fig. 1. A sample with full dimension wire

Fig. 2. Instron universal testing machine

3. RESULTS

The bond strength values of the brackets (in mega Pascal) and the description of the
statistical analysis are shown in Table 2 and 3; exhibiting statistically significant differences.
The bond strength of group 4 was statistically lower than the other groups (P<0.001) but
there wasn’t any significant difference between the others (P>0.05). The modified ARI scores
of the debonded interfaces of the bracket base are shown in Table 4.

The kruskal wallis test showed that there were significant differences among the four groups
(P<0.001). The Mann-Whitney U-test showed that ARI in group 1 was significantly different
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than the other groups (P<0.001) but there wasn’t any difference between the others
(P>0.05). Also there wasn’t any bracket failure in the groups. Meanwhile, using wire for
debonding didn’t show any significance.

Table 2. Shear bond strength and standard deviation

Material Wire N Min. Max. Mean Std. Dev.
Transbond XT No 10 12.08 23.94 16.8520 (a) 4.27211

yes 10 11.02 25.60 17.8110 (a) 4.04420
RMGI No 10 13.67 22.20 18.8240 (a) 2.89473

Yes 10 9.51 20.61 15.6210 (a) 3.54665
NHA 5% No 10 12.91 20.77 17.5190 (a) 2.45906

Yes 10 11.40 20.24 15.6070 (a) 2.47834
NHA 10% No 10 6.87 14.04 11.9590 (b) 2.27467

yes 10 9.51 16.31 11.9130 (b) 2.07168
Identical letters indicate no differences (P>0.05)

Table 3. P value (Mean and SD)

Transbond XT RMGI NHA5% NHA 10%
Transbond XT Sig.

Mean
Std. Error

1.000
0.1090
0.98247

0.862
0.7685
0.98247

0.000
5.3955*

0.98247
RMGI Sig.

Mean
Std. Error

1.000
-0.1090
0.98247

0.908
0.6595
0.98247

0.000
5.2865*

0.98247
NHA 5% Sig.

Mean
Std. Error

0.862
-0.7685
0.98247

0.908
-0.6595
0.98247

0.000
4.6270*

0.98247
NHA10% Sig.

Mean
Std. Error

0.000
-5.3955*

0.98247

0.000
-5.2865*

0.98247

0.000
-4.6270*

0.98247
(*) Indicates that there is a significant difference

Table 4. Distribution of failure patterns (ARI scores)

Wire Material 0 1 2 3
NO Transbond XT 0 8 1 1

RMGI 0 4 3 3
NHA 5% 0 3 4 3
NHA 10% 1 2 5 2

YES Transbond XT 0 8 2 0
RMGI 0 3 3 4
NHA 5% 0 2 2 6
NHA 10% 0 1 5 4
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4. DISCUSSION

Demineralization resistance and bonding strength are two major demands in orthodontic
treatment. GIC can be used effectively in a moist environment, since basically its chemical
compositions needs wetness. It is also a biocompatible material which releases fluoride
resulting in demineralization resistance enhancement. Therefore, it is a candidate of choice
in areas where dry isolation is difficult to be maintained [13]. Researchers have also shown
that incorporating NHA into GIC increases more the favorite demineralization resistance
[6,14,15]. This may be related to the smaller particle size of NHA; which enhances its
deposition into micropores in demineralized enamel. In addition, high solubility of NHA leads
to the effectiveness of the calcium and phosphate ions release, which fills the demineralized
micropores [7]. As HA particles and inorganic ions infiltrate into the demineralized surface,
they impede the movement of calcium released from enamel surface, therefore, resistance to
demineralization is intensified [6].

From view point of bond strength, GIC chemically bonds to both enamel and dentin. The
mechanism of chemical bonding of GIC has not been fully defined yet. One theory may be
the formation of ionic bonding between polyalkenoic acid and HA of tooth.  However, its
bonding lacks sufficient mechanical properties, such as brittleness, inferior compressive and
tensile strength [6]. In this respect, Suggestion has been raised for incorporating NHA into
RMGIC for improving strength. This has also been due to the biocompatibility of HA. HA has
a composition and crystal structure similar to apatite in human dental structure and skeletal
systems. Moreover, it is the main mineral component of the enamel of the tooth. It is found
that GIC interacts with HA via the carboxylate groups in the polyacid [16]. As a result, by
incorporating HA into GICs expectation of better mechanical properties of material is
elevated. Some studies have confirmed the assumption [6,14-16]. Lucas et al. [14] have
shown that adding %8 HA into GIC exhibits bond strength to dentin similar to (no
improvement) that of the control group (non-added HA glass ionomer cement). Our founding
suggests that incorporating 5% NHA into RMGIC has no negative impact (similar results).

By using 10% NHA, weakness in the bonding strength was observed. Two reasons may be
presented:

I. Santos et al. has investigated the water absorption characteristics of dental
composites incorporated by HA filler. They have shown that the filled specimens had
higher water absorption ability than it would be expected from the basis resin
content. This increase in the water uptake was largely due to the presence of
porosity and filler particle aggregates in the microstructure of composites [17]. It
seems that by increasing the percentage of NHA, the porosity and filler particle
aggregates would increase, which subsequently aid to more water absorption. The
particles are loosely embedded in the matrix and provide room in between the
agglomerate and the matrix to suck more water, which ultimately can reduce the
bonding characteristics.

II. HA is opaque to visible light, hence, it seems reduction in the bond strength at high
percentage of HA filler is to be a result of blockage of visible light [18].

Our results indicate no significant difference in shear bond strength (SBS) using either a
conventional composite resin or RMGIC, similar to the previous findings [12,13]. Meanwhile,
Sfondrini et al. observed that under non-etched conditions, the SBS achieved with the
RMGIC was statistically lower than that of the conventional composite resin, similar to the
results of Ref.’s [8,12,19,20].
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In some research, the idea of pretreatment before bonding by RMGIC is recommended
[11,13]. Valente et al. investigated the effect of different acid etch preparations and
concentrations on the tensile bond strength of a RMGIC. No significant difference was
achieved when 10 or 37% phosphoric acid or 10% polyacrylic acid is used [13]. But Maruo et
al. shows that in comparison with polyacrylic acid, 37% phosphoric acid enhances the shear
bond strength and is recommended for pretreatment before bonding by RMGIC [21].

According to ARI analysis, the score for the debonded interfaces of the RMGIC and RMGIC
added 5% NHA groups were mainly 1 and 2. This, for 80 per cent of the samples in the
Transbond composite resin group were 1 and approximately 50 per cent of the RMGIC
added 10% NHA samples scored 2. The locus of bond failure is determined by a complex
combination of contributory factors including the direction of the force applied, enamel pre-
treatment, the adhesive itself and the bracket type [10].

Our results also indicate that when Transbond composite resin is used, most of it remains on
the bracket base; as reported in Ref.’s [10,12,20]. In contrast, Carvalho et al. has shown that
the most debonding failure occurs at the composite/ bracket interface [8]. In the three other
groups, cohesive failure commonly occurred. This is in accordance with the upshot of the
study by Ngo et al., reporting stronger bonding between the hard tissue of tooth and cement
matrix in comparison to the strength between cement matrix and glass particles [22] as
confirmed by Ref.’s [6,16]. Moreover, pretreatment with phosphoric acid before the use of
RMGI cements provide a clinical advantage since no enamel damage during debonding is
faced. Furthermore, in case of accidental bracket debonding, cement remnant attached to
the conditioned tooth surface still releases fluoride [21].

Factors may contribute to bracket failures are: bracket type, the method and the
equipment/tools used for debonding and the location of force exertion. Applying force to the
bracket wings increases the risk of bracket failure [23]. One of the difficulties with the ceramic
brackets is the high possibility of breakage at debonding. Containment of this weakness is a
long time concern. Most manufacturers offer a debonding plier, specific to their product to
take most the advantage of their owned engineered technique embodied into the bracket.
Alternatively, heating by thermal or laser instruments may be applied to weaken the adhesive
before debonding; this method has not been widely adopted due to the possible pulp
damage if the heat is not controlled precisely [24]. Arici et al. [9] has suggested the presence
of archwire at the time of steel brackets debonding as a safety factor.

This idea of using wire may also be useful in ceramic brackets debonding, as it maintains the
integrity of the bracket. In our study, debondings were conducted with and without using full
dimension wire. No cases of bracket failure during debonding in either cases were observed,
the same as Mirzakouchaki et al. [23] research. Because of the safe debonding in both
cases, due to the quality of ceramic brackets, basically using wire was not fully justified.

Future studies should be conducted to evaluate the effect of time elapse on the materials
characteristics and effectiveness in clinical conditions.

5. CONCLUSION

1. RMGIC is as effective as light cured composite resins in bonding ceramic brackets.
2. Incorporating 5% NHA in RMGIC is an effective way to enhance its characteristics.
3. By further increasing the concentration of NHA in RMGIC, the bond strength may

decrease.



Annual Research & Review in Biology, 4(10): 1578-1586, 2014

1585

4. All debondings were conducted safely even without using wire.
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