
Background
Today, the use of bonding has become a routine 
process in orthodontic treatment. However, it causes 
complications such as plaque accumulation and increases 
the risk of caries (1,2). During orthodontic treatments, 
oral bacteria colonies/biofilms significantly increase, 
and the rate of demineralization in people undergoing 
orthodontic treatment is extremely higher than in other 
people (2). Recent studies concentrated on reducing 
microbial accumulations around the brackets, and 
various methods have already been proposed, including 
fluoride mouthwash, the use of new-shape brackets that 
occupy fewer tooth surfaces, and the addition of different 
antibacterial materials such as titanium dioxide (TiO2), 
silver nanoparticles (NPs), chitosan, chlorhexidine, 
and the like to orthodontic composites (3-7). Using 
dental nanomaterials/nanocomposites has facilitated 
the production of materials with better bonds and fewer 

complications (8 ). 
TiO2 NPs are photocatalysts and are used in surface 

disinfectation. The antimicrobial activity of TiO2 NPs in 
combination with orthodontic composites on Streptococcus 
mutans and Streptococcus sanguinis due to the prevalence 
of these microorganisms in the dental plaque has been 
investigated in previous research (9) . Recent studies have 
shown the antibacterial effect of composite with TiO2 NPs 
up to 10% on S. mutans and S. sanguinis (10).

Obviously, the addition of any material to orthodontics 
composites may change its mechanical properties. 
Therefore, in addition to having antimicrobial properties, 
the material must make the least amount of change in the 
mechanical properties of the composite in an acceptable 
range. The measurement of bond strength in orthodontics 
is mainly performed in the form of tensile bond strength 
and shear bond strength (SBS) methods. Most studies have 
examined the SBS as the force application, and loading 
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Abstract
Background: Plaque accumulation and bond failure are the drawbacks of fixed orthodontic treatment. 
Titanium dioxide (TiO2) could be added to orthodontic composite as an antimicrobial agent, but it may 
change its mechanical properties. The aim of this study was to evaluate the mechanical properties of 
orthodontic composite modified by TiO2 nanoparticles (NPs) after 10 000 cycles of thermocycling.
Methods: Overall, 50 intact human premolars (extracted for orthodontic treatment) were used in this 
study. The orthodontic composite containing TiO2 NPs (1% wt) was prepared and used for the bonding of 
brackets. The bracket/tooth shear bond strength (SBS) was measured by using a universal testing machine 
before and after 10 000 cycles of thermocycling at 5 and 55°C (dwell time = 30 seconds). Eventually, the 
obtained data were analyzed by Student’s t test with the Excel software (significance level ≤ 0.05).
Results: After thermocycling, the average SBS of TiO2 containing and control group was 11.43 ± 5.18 MPa 
and 13.46 ± 5.17 MPa, respectively. The difference in the SBS of the two groups after thermocycling was 
not significant (P = 0.7). The SBS of both groups decreased after thermocycling; however, the reduction 
was lower in the group with TiO2 than in the control group.
Conclusions: TiO2-containing composite can be used as an antimicrobial agent in high risk of caries 
patients without deteriorating the mechanical properties.
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conditions in this method seem to be more close to the 
clinical conditions of oral environments (11).

Thermocycling is employed to simulate the oral 
environment in terms of thermal changes. Every 10 000 
thermal cycles indicate one year of the clinical operation 
of a composite (12). Recent studies have investigated the 
shear strength of orthodontic composites when immersed 
in water at 37°C under 500 and 5000 thermal cycles 
(13,14). Furthermore, it was revealed that the immersion 
of a composite with 0.1% wt TiO2 in water at 37°C for 1 
day, 1 month, and 3 months does not affect the SBS of the 
composites (13). 

The performed laboratory studies do not perfectly 
indicate the long-term performance of a TiO2 composite 
since 10 000 thermal cycles represent a year of clinical 
operation of the composite, and orthodontic treatment 
is likely to take more than a year. This study focused on 
evaluating the effect of adding 1% wt TiO2 NPs on the SBS 
of the orthodontic composite after 10 000 cycles at 5 and 
55 °C (dwell time = 30 seconds).

Materials and Methods 
The required sample size was calculated based on the 
following equation:
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It should be noted that the values required to determine 
the sample size have been obtained from similar research 
(13). While the confidence level of this test and the test 
power were 95% and 90%, the expected difference in the 
average bond strength was assumed to be µ1 - µ2 = 7 units, 
and the standard deviation was ϭ = 7. Finally, 20 samples 
(40 samples in 2 groups) were determined after replacing 
the minimum sample size required in this study.

In general, 50 healthy extracted human premolars 
(without cracks or caries) extracted during the orthodontic 
treatment were collected in this in vitro study. The teeth 
have been immersed in a 10% formalin solution for two 
weeks to disinfect (15).

A homogeneous orthodontic composite (Beacepaste, 
USA) mixture containing 1% wt of TiO2 was prepared in a 
dark room condition.

Synthesis of TiO2 NPs (Size of Titanium NPs: 3-10 nm)
For this purpose, 7 mL of titanium isopropoxide was slowly 
added to 9 mL of double-distilled water in the stirring 
condition for 30 minutes at 40°C. TiO was obtained after 
the hydrolysis of the alkoxide. After centrifugation and 
washing with double distilled water and methyl alcohol, 
the obtained white precipitate was inserted in the oven at 
80°C for 12 hours to dry (16). Figure 1 shows the electronic 
microscopic picture of Titanium Dioxide.

Procedure
The teeth were vertically mounted on a block of self-cure 
acrylic. The buccal surface of the crown was polished with 

fluoride-free pumice paste and then washed and dried. 
Next, the buccal surface of the teeth was etched with 
37% phosphoric acid gel for 20 seconds and washed at a 
distance of 10-15 cm for 40 seconds. Subsequently, it was 
dried by air without moisture and fat particles to reveal 
the fluorosis stains and white spots profile of the enamel.

The teeth were randomly divided into 2 groups as 
follows:
•	 Group 1: After etching and bonding the buccal surface 

of the tooth, a bracket (Dentaurum, Germany) with 
a 1% wt TiO2 composite was placed on the buccal 
surface of the tooth. 

•	 Group 2: After etching and bonding the buccal surface 
of the tooth, a bracket (Dentaurum, Germany) with 
conventional composite was placed on the crown of 
the tooth.

Excess components were removed with the tip of a 
sterile scaler. All samples were cured for 20 seconds and 
20 seconds from mesial and distal by the light-curing 
device (Kerr-Germany), respectively (Figure 2). Every 
10 minutes, the light cure intensity was checked by a 
radiometer to ensure that the light intensity of the device 
was the same for all samples.

All the samples were kept in an incubator at 37°C for 
24 hours in double-distilled water to complete their 
polymerization and water absorption. The SBS of 5 
samples from each group (10 randomly samples in total) 
was measured. The remaining samples of groups 1 and 

Figure 1. Electronic Microscopic Picture of Titanium Dioxide

Figure 2. A Bracket Bonded to a Tooth
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2 were then placed in a DELTA-TP02 thermocycler 
(Mashhad, Iran) to be subjected to 10 000 thermal cycles 
at 5-55 °C (dwell time = 30 seconds). 

The samples of all groups were placed in a shear strength 
measuring device (SANTAM -STM-20), and loading was 
applied at a speed of 1 mm/min (Figures 3 and 4).

The shear strength of the samples was calculated in MPa 
using the following formula:

( )( )
( 2)

FORCE NSBS MPa
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In this study, the cross-section area is the base bracket 
area (12.14 mm2).

Results
Before thermocycling, the average SBS of the TiO2 group 
(group 1) was 18.33 MPa, and that of the control group 
(group 2) was 24.09 MPa.

After 10 000 thermal cycles, the average SBS of group 1 
was 11.43 ± 5.18 MPa, whereas in group 2, it was 13.46 ± 5.17 
MPa (Figure 5). However, the difference in SBS between the 
two groups was not statistically significant (P = 0.7).

The SBS of both groups decreased after thermocycling; 
however, the reduction was lower in the group with TiO2 
than in the control group.

Discussion
Recent studies have confirmed that the addition of 
nanomaterials such as TiO2 NP and the like to orthodontic 
composites improves their antimicrobial properties 
while reducing dental white spots and caries. Due to 
the high prevalence of S. mutans and S. sanguinis in the 
microbial plaque, the antimicrobial properties of TiO2 
NPs in combination with the orthodontic composite on 
the mentioned organisms have been investigated, and the 
results demonstrated that the incorporation of these NPs 
in the composites had a significant effect on reducing the 
number of microorganisms around the brackets (9,17,18).

A few studies evaluated the effect of NP incorporation 
on the mechanical properties and SBS of dental brackets 
prior to recommendation for clinical use. The present 
study investigated the effect of adding TiO2 NPs to 
orthodontic composites by simulating one-year clinical 
use since 10 000 thermal cycles represent a year of the 
clinical operation of the composite, and orthodontic 
treatment is likely to take more than a year. 

In orthodontics, a firm attachment of the bracket to 
the tooth is not always desirable. The SBS should be 
in a way that the bracket stands stable under the forces 
applied during orthodontics, but an extremely high bond 
strength causes part of the enamel to peel off during the 
bracket debond. The minimum SBS required to attach the 
bracket to the tooth is 6-10 MPa. Increasing the SBS to 
above 13 MPa causes damage to the enamel and ceramic 
restorations during the bracket debond.

Sodagar et al compared the SBS of orthodontic adhesives 
containing 1%, 5%, and 10% by weight of TiO2. There was 
no statistically significant difference between the control 
group and the group with 1% and 5% by weight of TiO2, 
but increasing the concentration of TiO2 to 10% by weight 
reduced the SBS (19). In compliance with their results, we 
did not find a significant difference between control and 
TiO2 (1% wt.) contained group after thermocycling.

Pourhajibagher et al also reported that there were 
no statistical differences among the SBS of modified 
orthodontic adhesive containing TiO2 (1%) compared to 
the control group; however, the control group had higher 
SBS (20), which is consistent with the result of our study 
by using the same density of TiO2 incorporation.

Figure 3. Sample Placed in the Measuring Device to Measure the Shear 
Bond Strength

Figure 4. Shear Bond Strength of One Sample Measured by the Device Figure 5. The Box Plot Shear Bond Strength of the Two Composites
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According to the results of this study, the addition 
of TiO2 into composites reduced the average SBS. By 
simulating one year of the clinical operation (aging) of the 
composite, the average SBS decreased in both control and 
TiO2 groups, but this decrease was less considerable in the 
TiO2 group. The SBSs of both groups after 10 000 thermal 
cycles are clinically acceptable and do not represent any 
statistically significant difference.

Behnaz et al exposed composites with and without 
TiO2 (0.1%) to the aging process for 1, 30, and 90 days. 
The mean SBS of TiO2-free composites was significantly 
higher than that of TiO2-containing composites, but the 
mean SBS did not change significantly over time (13). We 
used different concentrations of TiO2 and aged it more but 
reached the same result. Therefore, the addition of TiO2 
to the composite up to the threshold has similar behavior. 

In the present study, the SBS of the samples was 
measured before thermocycling (n = 10). The average 
SBS of the TiO2 (group 1) and control (group 2) groups 
was 18.33 MPa and 24.09 MPa, respectively. The SBS of 
both groups decreased after thermocycling; however, the 
reduction was lower in the group with TiO2 than in the 
control group.

Reddy et al reported a 30% reduction in SBS by adding 
1% by weight of TiO2 to the composite. However, they did 
not consider the aging of the composites in the mouth and 
simply compared the composites without simulating the 
oral environment (21). 

Poosti et al demonstrated the anti-caries properties of 
the addition of TiO2 NPs to orthodontic composites up to 
10%. They reported that the addition of 1% TiO2 did not 
alter the SBS of the composite, which is consistent with our 
results. They were different in the aging process. However, 
the SBS of the composites decreased by an increase in the 
percentage of TiO2 (10). 

The differentiation in the NP percentage and methods 
of aging will affect the interpretation of the results.

Recommendation 
Due to the proven anti-bacterial properties of TiO2 and the 
acceptable SBS of composites with 1% TiO2, the clinical 
application of 1% TiO2 composites in patients at high risk 
of caries and, if a cost-efficient protocol is provided, is 
recommended in all patients. Therefore, further clinical 
studies in this area are suggested as well.

Conclusions 
The TiO2 containing composite can be used as an 
antimicrobial agent in high risk of caries patients without 
deteriorating the SBS of bonding.
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