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Introduction

The demand for orthodontic treatment has been gradually 
increasing among the adult population. This increase in the 
number of orthodontic patients presents new problems to the 
orthodontists. As many patients have restored teeth with 
various restorative materials, such as composite resin, amalgam, 
and porcelain, orthodontists are more likely to face the difficulty 
of bonding orthodontic attachments to these materials.

Particularly in adolescent orthodontic patients, composite 
resin restorations are often present on the labial surfaces of 
maxillary incisors and occasionally on the buccal surfaces 
of posterior teeth. The frequency of composite resin 
restorations in posterior teeth has increased with the 
improvement in the properties of aesthetic filling materials 
(Brunthaler et al., 2003).

There have been many reports on bonding brackets to 
amalgam (Zachrisson et al., 1995; Buyukyilmaz and 
Zachrisson, 1998) and porcelain (Huang and Kao, 2001; 
Kocadereli et al., 2001; Kitayama et al., 2003; Ozcan et al., 
2004) using different surface conditioning methods and 
adhesives, but minimal research (Kao et al., 1995;  
Jost-Brinkmann et al., 1996; Chunhacheevachaloke and 
Tyas, 1997; Lai et al., 1999) has been carried out to quantify 
the bonding of brackets to the restorative composite resin 
surface. In previous studies, brackets were bonded to fresh 
composite in patients referred for orthodontic treatment 
whereas composite restorations have been ageing for a long 
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SUMMARY The aim of this study was to investigate the effects of surface conditioning protocols on the 
shear bond strength (SBS) of metal brackets to aged composite resin surfaces in vitro.

Ninety composite resin discs, 6 mm in diameter and 2 mm in height, were prepared and treated with an 
ageing procedure. After ageing, the specimens were randomly assigned to one of the following groups: 
(1) control with no surface treatment, (2) 38 per cent phosphoric acid gel, (3) 9.6 per cent hydrofluoric acid 
gel, (4) airborne aluminium trioxide particle abrasion, (5) sodium bicarbonate particle abrasion, and (6) 
diamond bur. The metal brackets were bonded to composite surfaces by means of an orthodontic adhesive 
(Transbond XT). All specimens were stored in water for 1 week at 37°C and then thermocycled (1000 cycles, 
5–55°C) prior to SBS testing. SBS values and residual adhesive on the composite surface were evaluated.

Analysis of variance showed a significant difference (P = 0.000) between the groups. Group 6 had the 
highest mean SBS (10.61 MPa), followed by group 4 (10.29 MPa).

The results of this study suggest that a clinically acceptable bond strength can be achieved by surface 
conditioning of aged resin composite via the application of hydrofluoric acid, aluminium trioxide particle 
abrasion, sodium bicarbonate particle abrasion, or a diamond bur.

time in a humid oral environment. Since clinical failure of 
brackets bonded to composite resin restorations using 
conventional bonding procedures has frequently been 
encountered, the purpose of this in vitro study was to 
investigate the shear bond strength (SBS) of orthodontic 
brackets bonded to aged restorative composite resin surfaces 
treated with various surface roughening methods.

Materials and methods

Composite discs

Ninety restorative composite resin discs, 6 mm in diameter 
and 2 mm thick, were prepared from a nano-filled resin 
composite (Filtek Supreme XT; 3M Espe, St Paul, Minnesota, 
USA) by conventional condensation methods using a teflon 
mould. To create a smooth flat surface after light curing, the 
composite was compressed with a glass slide and excess 
material extruded. The composite was light polymerized with 
a light-emitting diode device (LED; Elipar; 3M Espe) at an 
intensity of 950 mW/cm2 for 20 seconds through the glass 
plate at a 90 degree angle to the top of the surface.

Ageing procedure

The composite specimens were aged in an accelerated ageing 
chamber. The specimens were mounted on a panel attached to 
the frame of an accelerated weathering tester (QUV; The 
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Q-Panel Co., Cleveland, Ohio, USA) and were kept there for 
300 hours. In the weathering tester, the specimens were exposed 
to continuous ultraviolet (UV) and visible light, at a temperature 
of 43.3°C and with a programmed cycle of 18 minutes of 
distilled water spray within each 2 hour period (Dootz et al., 
1993; Anil et al., 1999, 2000; Ramoglu et al., 2008).

After completion of the ageing procedure, all specimens 
were stored in distilled water for 24 hours at room 
temperature. Thereafter, the specimens were embedded in 
acrylic resin blocks, leaving the smooth surfaces of the 
composite discs exposed for bonding.

Adhesive and brackets

The light-cured orthodontic adhesive used in the present 
investigation for bonding the brackets to the composite 
discs was Transbond™ XT (3M Unitek, Monrovia, 
California, USA). Upper right stainless steel central incisor 
brackets (Mini Master Series; American Orthodontics, 
Sheboygan, Wisconsin, USA) were used for bonding to the 
composite surfaces. According to the manufacturer, the 
mean area of each bracket base was 10.88 mm2.

Composite surface treatment

The specimens were randomly divided into six groups of 15 
specimens according to the following surface treatment 
methods:
 

	Group 1.  Control with no surface treatment.
	Group 2.  Coating with a thin layer of 38 per cent phosphoric 

acid (Pulpdent, Watertown, Massachusetts, USA) for 60 
seconds, then rinsed with water for 60 seconds, and dried 
with compressed oil-free air.

	Group 3.  Coating with a thin layer of 9.6 per cent 
hydrofluoric acid (Pulpdent) for 60 seconds, then rinsed 
with water for 2 minutes, and dried with compressed oil-
free air.

	Group 4.  Sandblasted with sodium bicarbonate particles 
for 15 seconds, using an air-abrasive unit (Air-Flow 
Handy; EMS, Nyon, Switzerland) at 2.2 atmospheric 
pressure and a distance of 10 mm.

	Group 5.  Sandblasted with 50 mm AI2O3 particles for 10 
seconds using a microetcher (Danville Engineering Inc., 
Danville, California, USA) at a distance of 10 mm.

	Group 6.  Roughened at high speed with a diamond bur 
(150 mm; 856/018, Diatech Diamant AG, Heerbrugg, 
Switzerland) under water cooling.

 

The bracket bonding procedures were carried out by the 
one author (MB). For the bonding process, a thin layer of 
Transbond primer was applied on the treated composite 
surface, and the brackets were bonded with the adhesive 
composite resin at the centre of composite disc with a light 
force. Excess adhesive was removed using a small scaler. 
Polymerization for a total of 20 seconds from two directions 
using the LED was performed. Figure 1  Schematic illustration of the shear bond strength test set-up.

All specimens were stored in distilled water for 1 week at 
37°C and then thermocycled (1000 cycles, 5–55°C) prior to 
SBS testing. During thermocycling, the dwell time for the 
specimens in each well was 30 seconds and the transfer 
time between the wells 4 seconds.

SBS test

SBS testing was performed with using a universal testing 
device (Lloyd Instruments Plc, Fareham, Hampshire, UK). 
A schematic illustration of the SBS test set-up is shown in 
Figure 1. For shear testing, the specimens were stressed in 
an occluso-gingival direction at a crosshead speed of 1 mm/
minute. The maximum load necessary to debond was 
recorded in Newtons and converted to megapascals (MPa) 
as a ratio of Newtons to surface area of the bracket base.

Determination of fracture sites

After debonding, the fracture sites were examined with a 
stereomicroscope (Stemi 2000-C; Carl Zeiss, Göttingen, 
Germany) at ×10 magnification. Any adhesive remaining 
on the aged composite surface was evaluated with the 
adhesive remnant index (ARI; Årtun and Bergland, 1984) 
and scored with respect to the amount of resin material 
adhering to the composite surface. The ARI scale has a 
range between 0 and 3, with 0 indicating that no adhesive 
remains on the composite surface; 1, less than 50 per cent of 
adhesive remains on the composite surface; 2, more than 50 
per cent of the adhesive remains; and 3, the entire adhesive 
remains on the tooth, along with the impression of the 
bracket base.

Scanning electron microscope analysis

One sample from each test group was examined under a 
scanning electron microscope (SEM) to evaluate the effects 
of the different surface preparation methods on the aged 
composite surfaces. The specimens were stored for 2 days 
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in absolute alcohol, air dried for 2 hours, mounted on SEM 
stubs, and sputter coated with 10 nm gold particles using a 
Polaron Sc500 sputter-coating device (VG Microtech Inc., 
Uckfield, Sussex, UK) and observed under a SEM (JSM-
5600; Jeol Ltd, Tokyo, Japan) at an operating voltage of 10 
kV. The specimens were observed at a 90 degree angle and 
a 23 mm working distance. Photomicrographs were taken at 
×500 magnification for visual inspection.

Statistical analysis

One-way analysis of variance (ANOVA) was performed to 
examine the effects of surface treatment on SBS. The Tamhane 
test was used for post hoc comparisons of the groups. The 
results were evaluated with a 95 per cent confidence interval. 
The significance level was set at P < 0.05.

Results

SBS comparisons

The descriptive statistics and the results of the Tamhane 
post hoc test for the SBS values of are shown in Table 1. 
Figure 2 shows the mean SBS values of the various surface 
preparation methods. It can be seen that group 6 had the 
highest mean SBS value (10.61 MPa), followed by group 5 
(10.29 MPa). The lowest mean SBS value was observed in 
group 1 (2.77 MPa).

Using SBS (MPa) as the dependent variable, ANOVA 
showed a significant difference (F = 22.63, P = 0.000) 
between the groups. The results of the Tamhane post hoc 
test indicated that there was no significant difference 
between groups 1 and 2. Additionally, there were no 
statistically significant differences between groups 3, 4, 5, 
and 6.

Adhesive remnant index

Table 2 shows the distribution of ARI scores (failure 
modes) expressed as a frequency of occurrence for all 
groups tested. Groups 1, 2, and 3 showed an ARI score of 
0, whereas group 6 had an ARI score of 3, i.e. groups 1, 2, 
and 3 failed at the composite–adhesive interface, whereas 
the failure site was at the bracket–adhesive interface for 
group 6.

SEM analysis

Figure 3 shows SEM photomicrographs of the composite 
surfaces treated with the various surface preparation 
techniques. Group 6 showed a rougher surface and a larger 
area for micromechanical retention compared with the other 
treatments. Both groups 1 and 2 had relatively smooth 
surfaces. The particle abrasion-treated groups (groups 4 and 
5) exhibited rougher surfaces than the acid-treated groups 
(groups 2 and 3).

Table 1  Descriptive statistics [mean, standard deviation (SD) and standard error (SE)] of the shear bond strength values and results of 
the multiple comparison test.

Groups Mean (MPa) SD (MPa) SE (MPa) Range (MPa) Tamhane*

Control 2.77 0.34 0.11 2.08–3.25 A
38% phosphoric acid 3.71 1.22 0.36 2.32–5.77 A
9.6% hydrofluoric acid 7.21 1.89 0.87 4.07–11.19 B
Sodium bicarbonate particle abrasion 8.26 2.16 0.65 5.62–15.77 B
Aluminium trioxide particle abrasion 10.29 1.92 1.03 5.81–12.76 B
Diamond bur 10.61 2.28 0.68 7.19–15.12 B

*Groups shown with different letters were significantly different at the P = 0.05 level according to the Tamhane test.

Figure 2  Bar chart showing the mean shear bond strength and standard deviation values of 
orthodontic attachments bonded to the aged composite surfaces treated with various surface preparation 
methods. The vertical bar indicates standard deviation. Significant differences among groups are 
showed by asterisks (P = 0.05).
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Discussion

When an orthodontic attachment is bonded to a composite 
restoration in the oral cavity, it is likely that the restoration 
has been ageing for a long time in a humid environment. 
This means that water saturation of composite resin has 
been reached and free radical activity has ended. Absorbed 

Table 2  Frequency and percentage occurrence of the adhesive 
remnant index (ARI) scores.

Groups N 0 (%) 1 (%) 2 (%) 3 (%)

Control 15 15 (100) — — —
38 per cent phosphoric acid 15 15 (100) — — —
9.6 per cent hydrofluoric acid 15 15 (100) — — —
Sodium bicarbonate  
  particle abrasion

15 14 (93.3) 1 (6.7) — —

Aluminium trioxide  
  particle abrasion

15 — — 1 (6.7) 14 (93.3)

Diamond bur 15 — — — 15 (100)

Figure 3  Scanning electron photomicrographs of the composite surfaces after application of various 
surface preparation methods: (A) Control (no surface treatment), (B) 38 per cent phosphoric acid, (C) 
9.6 per cent hydrofluoric acid, (D) sodium bicarbonate particle abrasion, (E) aluminium trioxide 
particle abrasion, and (F) diamond bur.

water causes softening of the matrix, microcrack formation, 
resin degradation, and debonding of the filler–matrix 
interfaces (Ferracane and Marker, 1992). A tendency for 
bond strength between new and old composite to decrease 
after ageing and storage of the old material in saliva has 
been reported (Boyer et al., 1984; Chiba et al., 1989).

In vitro studies simulating the ageing process of 
composites have used methods such as thermocycling and 
storage in aqueous media or citric acid (Yap et al., 1999; 
Ozcan et al., 2007). Additionally, with accelerated ageing 
(Dootz et al., 1993; Anil et al., 1999, 2000; Ramoglu et al., 
2008), composite samples are exposed to continuous UV 
and visible light and distilled water, which may change 
the physical properties of composites. According to the 
manufacturer of the weathering instrument used in the 
current study, 300 hours of ageing is equivalent to 1 year of 
clinical service (Powers et al., 1978; Anil et al., 1999). In 
the present study, an accelerated ageing process was used 
to provide a more realistic simulation for gaining older 
composite specimens. However, there is no consensus as to 
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which ageing regimen best simulates oral conditions 
(Tezvergil et al., 2003).

The three possible mechanisms during bracket bonding 
with the use of intermediate adhesive are chemical bond 
formation to the matrix, chemical bonds to the exposed 
filler particles, and micromechanical retention caused by 
penetration of the monomer components to microcracks 
in the matrix (Brosh et al., 1997). Clinically, the bonding 
between two composite layers is achieved in the presence 
of an oxygen-inhibited layer of unpolymerized resin (Li, 
1997). However, aged restorations do not contain an 
unpolymerized surface layer (Kupiec and Barkmeier, 
1996). The unreactive methacrylate groups, which allow 
for adhesion of intermediate adhesive agents, are reduced 
with time, thereby reducing adhesion relative to that of a 
fresh composite (Ozcan et al., 2007). Thus, the age of the 
restoration is an important factor in bracket bonding.

Several techniques have been suggested to improve the 
composite–composite bond. One technique is roughening 
the surface (Kupiec and Barkmeier, 1996) and the others are 
based on attempts to improve adhesion of new resin to 
cross-linked polymer matrix or filler particles of the 
composite (Brosh et al., 1997; Kallio et al., 2001). Improving 
the bond strength between new and old composite usually 
requires increased surface roughness to promote mechanical 
interlocking and coating of old composite with unfilled 
resin bonding agents to advance surface wetting and 
chemical bonding (Pounders et al., 1987).

The bond in orthodontics must be semi-permanent and 
bond strength should be sufficiently high to resist accidental 
debonding during treatment but low enough so that excessive 
force does need not to be applied during debonding. It has 
been suggested that a clinically adequate bond strength for 
a metal orthodontic bracket to enamel should be 6–8 MPa 
(Reynolds, 1975). The mean SBS values of all surface 
conditioning groups, except in groups 1 and 2, were within 
this range or exceeded these limits and therefore could be 
considered sufficient for clinical applications.

Among the surface conditioning methods, conventional 
acid etching (group 2) produced the lowest SBS values. It 
has previously been shown that phosphoric acid is relatively 
ineffective in providing micromechanical retention on resin 
composites (Martin et al., 2001). The ARI scores showed 
that bond failure occurred at the composite–adhesive 
interface in group 2. This demonstrates a weak connection 
between the resin composite and adhesive.

Hydrofluoric acid is well recognized to be hazardous in 
vivo; it is a harmful and irritating compound for soft tissues. 
Hydrofluoric acid acts by dissolving the glass particles of 
the filling, leaving gaps or pores that allow micromechanical 
retention (Swift et al., 1992). In this study, the SBS values 
were increased by hydrofluoric acid application creating the 
area for micromechanical retention.

Sodium bicarbonate and AI203 particle abrasion are 
surface treatments that cause more microretentive areas for 

micromechanical interlocking than acid application. 
However, according to SEM photomicrographs, the 
application of a diamond bur creates macro- and 
microretentive areas. These applications remove the resin 
and expose the filling particles, thus damaging the surface 
characteristics of the restoration. Thus, an increase in SBS 
values was expected from the particle abrasion and diamond 
bur groups.

In previous studies (Kao et al., 1995; Jost-Brinkmann  
et al., 1996; Chunhacheevachaloke and Tyas, 1997; Lai  
et al., 1999) that investigated the SBS of orthodontic 
brackets to restorative composite resin surface, the 
composite specimens used were not exposed to an ageing 
procedure simulating the oral condition before bonding of 
the brackets. Most of these investigations evaluated the 
bond strength of non-metal orthodontic brackets and various 
adhesives to resin composite surfaces. The SBS values 
found in those studies were higher than those in the current 
research. This may be due to their use of fresh composite 
specimens. Kao et al. (1995) in their study investigated the 
torsional bond strength of ceramic brackets to composite 
resin laminate veneers but did not use an ageing procedure 
for their specimens before bonding and found that torsional 
bond strength was higher than SBS.

According to the results of the current study, clinically 
adequate bond strengths were achieved in groups 3, 4, 5, 
and 6. It is suggested that the use of sandblasting with Al2O3 
and sodium bicarbonate particles is more appropriate for 
roughening the composite surface to increase SBS, as 
producing a limited roughening area on the composite 
surface for bracket bonding may be easier and more 
controllable with these applications. Although clinically 
adequate SBS values were observed in groups 3 and 6, these 
methods are contraindicated due to the hazardous effect of 
hydrofluoric acid on the soft tissues and the uncontrollable 
abrasive effect of the diamond bur.

When any one of surface treatment protocols tested in 
this study is used during bonding, scar formation on 
composite surface created during surface treatment must  
be also taken into consideration after debonding. Remnant 
adhesives on the composite surface have to be carefully 
removed and the surface must be polished using composite 
finishing discs to regain a smooth and glossy composite 
surface. Thus, plaque accumulation and discolouration of 
composite restorations are prevented.

Conclusions

Orthodontic bonding to aged restorative resin composite 
was evaluated in vitro with five different surface conditioning 
methods. Within the limitations of this study, the conclusions 
are as follows:
 

	1.	 Surface roughening is effective in bonding an orthodontic 
attachment to aged resin composite surfaces.
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	2.	 Clinically, adequate SBS values can be obtained with the 
application of hydrofluoric acid, sodium bicarbonate 
particle abrasion, AI203 particle abrasion, or a diamond 
bur.

	3.	 The failure patterns of brackets were at the bracket–
adhesive interface for sandblasting with Al2O3 particles 
and diamond bur application and at the composite–
adhesive interface for phosphoric and hydrofluoric acids.
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