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INTRODUCTION

Several studies have been conducted in an attempt to increase the 
bonding strength of orthodontic appliances to prevent failure during 
treatment. Enamel conditioning and the usage of adhesive materials and 
bracket mesh ensure the effectiveness of the bonding system. However, 
superior bonding forces may lead to problems during debonding at the 
end of orthodontic treatment. The visual analog scale, used to assess 
discomfort, has demonstrated moderate levels of pain (4.6–6.6, where 
0=a lot of pain, 5=moderate pain, and 10=painless) when metallic 
brackets were removed using pliers [1]. An increase in shear bond 
strength leads to an increase in the risk of enamel fracture during 
debonding. In a laboratory setting, enamel fractures were observed on 
a specimen when the shear bond strength exceeded 13.5 MPa [2]. In 
another study, an increase in shear bond strength was achieved using 
Transbond XT adhesive [3].

Several methods had been proposed to reduce force during the 
debonding of orthodontic brackets to eliminate pain and discomfort 
for the patients. Mechanical (ultrasonic scaler) and thermal 
(electrothermal or laser) methods have been proposed to decrease 
the shear bond strength [4,5]. Electrothermal debonding was shown 
to decrease the shear bond strength by 50% but was accompanied by 
some disadvantages such as an increase in temperature within the pulp 
chamber and the risk of pulp irritation [4]. On the other hand, laser 
treatments were not economically viable [5]. Ultrasonic scalers might 
decrease the shear bond strength, but the process can cause discomfort 
to the patient [6]. Alternatively, the use of organic solvents such as 70% 
acetone [7], 90% ethanol [7], peppermint oil [7], and eucalyptus oil [8] 
has been proposed to decrease the shear bond strength of orthodontic 
adhesive [8].

Eucalyptus oil decreased the shear bond strength of a 4-methacryloxyethyl 
trimellitate anhydride/ methacrylate-tri-n-butyl borane 
(4-META/MMA-TBB) adhesive after 10 min application [8]. However, 

the ability of eucalyptus oil to decrease the shear bond strength of other 
resin-based materials is uncertain; moreover, the optimal concentration 
required for the purpose remains unknown. In the present study, we 
examined the ability of 75% eucalyptus oil and 100% eucalyptol to 
decrease the shear bond strength and facilitate the debonding of metallic 
brackets bonded with bisphenol A-glycidyl methacrylate (bis-GMA) 
adhesive resin.

METHODS

Samples
The study sample consisted of 30 maxillary first or second premolars 
removed for orthodontic purposes within 6 months before the start of 
the study. The selected teeth were intact, without any defects on the 
enamel surface, and had never been in contact with etching gel, sodium 
hypochlorite, alcohol, or hydrogen peroxide.

Specimen preparation
The teeth were carefully embedded in self-curing acrylic using molds to 
orient the buccal surface parallel with the tip of the testing machine. After 
cleaning with non-fluoride pumice paste, the teeth were etched using 37% 
phosphoric acid for 30 s. Premolar brackets (Gemini; 3M Unitek, Monrovia, 
USA) were bonded to all the teeth using Transbond XT (3M Unitek, 
Monrovia, USA) adhesive resin and light cured for 20 s from the mesial and 
distal aspects. The mean surface area of the bracket was 10.61 mm2. The 
brackets were positioned 4 mm away from the occlusal tip and parallel 
to the base of the tooth specimen. Subsequently, the specimens were 
immersed in distilled water and incubated at 37°C for 24 h.

The specimens were divided into three groups based on the liquids, and 
they were treated with Group 1, 75% eucalyptus oil (Naga Mas, Buru 
Island, Indonesia), Group 2, 100% eucalyptol (Cerkamed, Poland), and 
Group 3 (control), aquades. The three liquids were placed in uniform 
dark glass bottles, and a number was assigned to each one to mask the 
information.
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ABSTRACT

Objective: Debonding of orthodontic braces could lead to enamel fracture and moderate discomfort for the patients. This study was conducted to 
examine whether eucalyptus oil and eucalyptol were effective in decreasing the shear bond strength and facilitate the debonding of metallic brackets 
bonded with bisphenol A-glycidyl methacrylate (bis-GMA) adhesive resin. 

Methods: Thirty upper premolar teeth were randomly divided into the following three groups: Group 1 (75% eucalyptus oil), Group 2 (100% 
eucalyptol), and Group 3 (aquades; controls). Gemini brackets (3M Unitek, Monrovia) were bonded to the teeth using Transbond XT (3M Unitek, 
Monrovia). The areas around the brackets were lubricated with 75% eucalyptus oil, 100% eucalyptol, and aquades for 10 min before debonding.

Results: A significant difference in shear bond strength between Group 2 and the control group was noted (p<0.05).

Conclusion: The findings of this study indicated that eucalyptol can decrease the shear bond strength of bis-GMA-based adhesive resin after 10 min 
of application.
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Experimental procedure
After 24 h, the specimens were randomly divided into three groups of 
10 each, and a number was assigned to each specimen. Each specimen 
was treated with one of the liquids using a microbrush and applied 
it around the brackets for 10 min. The applications were performed 
thrice with 3 min intervals. The shear bond test was carried out using 
Shimadzu AG-5000 universal testing machine (Shimadzu Corporation, 
Kyoto, Japan) at a crosshead speed of 0.5 mm/min and a load of 50 kgF. 
The debonding forces (kgF) were recorded and converted to MPa by 
dividing the measured force values in Newton by the mean surface area 
of the premolar bracket.

Data analysis
Descriptive statistics including mean, standard deviation, and 
maximum and minimum values were calculated for the three groups 
tested. Data were assessed using Shapiro–Wilks normality test. 
Statistical significance between groups was assessed using bivariate 
one-way analysis of variance and Tukey’s post hoc tests. All data were 
analyzed using SPSS version 17.0 (Chicago, USA), and the significance 
level was set at p<0.05.

RESULTS

Table 1 shows the descriptive statistics of the three groups studied. 
Group 1 (controls) presented with the highest mean strength 
(15.50±3.04 MPa) followed by Group 2 (14.60±2.16 MPa). The lowest 
mean bond strength was exhibited by Group 3 (12.42±1.95 MPa). 
Significant differences in mean shear bond strengths were noted among 
the three groups (p=0.025). Group 3 presented with significantly lower 
mean bond strengths when compared with Group 3 (p=0.023) but not 
Group 2 (p=0.132). No significant difference was found between Groups 
2 and 3 (p=0.687).

DISCUSSION

This study aimed to examine the influence of 75% eucalyptus oil and 
100% eucalyptol on the shear bond strengths of metallic brackets 
bonded with bis-GMA adhesive resin. A steady decrease in shear 
strengths in both treatment groups was noted when compared with 
the control group; furthermore, a significant difference was observed 
between Group 3 (100% eucalyptol) and the control group (p<0. 05). 
The results of the present study proved that the shear bond strength of 
bis-GMA adhesive resin can be significantly decreased after application 
of 100% eucalyptol to the edges of brackets. These findings are similar 
to those reported by Yu et al., where the shear bond strength of 4-META/ 
MMA-TBB adhesive was significantly decreased after immersion in 
eucalyptus oil for 10 min [8].

Adhesive materials are classified as polymers and have several 
properties such as deformation-recovery, rheometry, thermal, and 
solubility-dissolution properties. Hence, adhesive resins are also 
called as polymeric materials. Solubility is the ability of a polymer to 
dissolve in a solvent. The solubility of a polymer is influenced by its 
solubility parameter from both the solvent and the polymeric material, 
duration of immersion, temperature, and the crosslink nature of the 
resin matrix and the filler [9,10]. Resin dissolution occurs when the 
resin gets in contact with the solvents that present a close solubility 
parameters [11]. The solubility parameters of bis-GMA and triethylene 

glycol dimethacrylate are 18.6 and 20.5 MPa1/2, respectively [12]. The 
Hildebrand solubility parameter for eucalyptol was estimated to be 
17.6 MPa1/2, and it is capable of dissolving polymers with solubility 
parameters ranging between 15.5 and 21 MPa1/2 [13]. Taken together, 
these findings suggest that the resin in the current study may have been 
dissolved following the application of 100% eucalyptol.

No significant difference in mean shear bond strength was noted 
between Group 1 (75% eucalyptus oil) and the control group (p>0.05). 
The steady decline in bis-GMA shear strength might be related to the 
composition of the eucalyptus oil, a natural oil containing a mixture 
of 75% eucalyptol along with thousands of other compounds, such as 
pinene, limonene, terpene, cymene, and phellandrene, which accounted 
for the remaining 25% [14]. There are 25% other diverse components 
that can alter the solubility parameters of eucalyptus oil. The solubility 
parameter of a solution comprising more than one mixture is calculated 
on the basis of the volume contribution [15]. However, to the best of 
our knowledge, the solubility parameter of eucalyptus oil has not been 
reported so far. This may be due to the changes in the components of 
eucalyptus oil, which occur due to differences in weather, location, 
harvesting methods, and the parts from which the oil was extracted [14]. 
Therefore, it was concluded that eucalyptus oil may not be effective in 
decreasing the shear bond strength of bis-GMA adhesive resin.

Statistical significance notwithstanding, the decrease in shear bond 
strength was more marked in Group 2 when compared with Group 1 
(p>0.05). This may be due to the higher concentration of eucalyptol 
in Group 2. Further studies comparing the effects of different 
concentrations of eucalyptol on the shear bond strengths of orthodontic 
adhesive resins are warranted.

A 20% reduction in the shear strength of bis-GMA after application 
of 100% eucalyptol for 10  min was noted when compared with the 
control group (15.5–12.42 MPa). The percentage of shear strength 
reduction in this study was different from that reported previously 
where approximately 36% decrease in shear strength was observed 
after 10 min of eucalyptus oil application (13.81–8.88 MPa) [16]. 
Although the previous study did not mention the type of eucalyptus oil 
used, they explicitly elaborated that the preparation contained 75–80% 
eucalyptol. Nevertheless, the difference in the proportion of shear 
strength reduction between the two studies might be due to differences 
in the type of adhesive used [17]. After polymerization, the bis-GMA 
resins form a three-dimensional network combined with fillers, which 
result in the formation of a strong mechanical structure. In contrast, 
4-META/MMA-TBB resin assumes a linear morphology with no filler 
after polymerization [18]. Absorption of solvents is directly related to 
the degree of crosslinking. Therefore, the slightly cross-linked polymer 
becomes more sensitive to the plasticizing reaction [19]. This indicates 
that the 4-META/ MMA-TBB adhesive resin was easier to debond when 
compared with the bis-GMA adhesive resin.

The optimal shear bond strength for orthodontic brackets to withstand 
the forces of mastication is 5.9–7.8 MPa [20]. The shear strength of the 
material in Group 2 (12.42 MPa) was greater than the optimal shear 
bond strength. Williams and Bishara were the first who examined 
the amount threshold of force that a patient could tolerate during 
debonding [21]. The force threshold is influenced by the direction of the 
debonding force; intrusion forces with a threshold force of up to 934 
gf were better tolerated, whereas extrusion forces were less tolerable 
with the threshold decreasing to 827 gf [21]. The shear strength in 
Group 2 (12.46 MPa, equivalent to 13 480 gf) was much higher than 
the tolerance threshold value. Hence, the application of eucalyptol for 
10 min may not be sufficient to decrease the shear bond strength of 
the resin and eliminate the pain experienced by the patient during 
debonding.

The specimens in the current study were smeared with eucalyptol 
3 times every 3 min for a total of 10 min. This indicates that 100% 
eucalyptol application for longer periods could lead to the softening and 

Table 1: Descriptive statistics of the shear bond strength (MPa) 
obtained for the experimental groups

Groups n Mean±SD 95% confidence interval

Minimum Maximum
Group 1 10 14.60±2.16 13.05 16.14
Group 2 10 12.42±1.95* 11.03 13.82
Group 3 10 15.50±3.04* 13.32 17.68
N: Number of specimens; *p<0.05 statistically significant difference. 
SD: Standard deviation 
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dissolution of the adhesive resin. However, further studies determining 
the depth of penetration of eucalyptol into the adhesive material are 
merited.

CONCLUSION

The lowest shear bond strength was observed in Group 2 before the 
debonding procedure, followed by Groups 1 (75% eucalyptus oil) and 
3 (aquades), indicating that 100% eucalyptol was more effective in 
decreasing the shear bond strength of bis-GMA adhesive resin when 
compared with eucalyptus oil. However, the shear bond strength after 
10 min of 100% eucalyptol application remained within the clinically 
acceptable range. Thus, the 10 min application period might not be 
sufficient to decrease the shear bond strength and effectively eliminate 
the pain involved during the debonding procedure. Further studies 
are required to evaluate the depth of penetration of eucalyptol into 
the adhesive material and the amount of pain experienced by patients 
during the debonding of orthodontic brackets.
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