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ABSTRACT 

The objective of this study was to assess how brushing with soft, medium and hard bristle toothbrushes 

affected the shear bond strength of orthodontic brackets attached to removed human teeth. Following a 

mock brushing of the teeth, the bristle wear and bristle tip morphology were also assessed. 45 removed 

human molar and premolar teeth had orthodontic brackets attached on their smoothest surfaces. Test 

samples were allocated into three groups at random: Group 1, the control group, brushes their teeth with 

nothing; Group 2, the Oral B ; and Group 3, the Colgate 360. Samples were modified for a device that 

mimicked brushing teeth. A mechanical testing device was used to evaluate the binding strength between 

each bracket and each tooth. Furthermore evaluated were the bristle wear and bristle tip morphology 

indexes.The threshold for statistically significant differences was set at 0.05. There were no differences in 

the group's average bond strengths. Compared to the Oral B toothbrush, the Colgate brush demonstrated 

reduced bristle wear and superior bristle tip morphology. The binding strength of the orthodontic brackets 

was unaffected by the usage of either toothbrush, though. Consequently, any toothbrush can be used 

without risk by individuals receiving orthodontic treatment. 
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 Introduction  
Plaque buildup is widely known to play a role in the etiology of caries and periodontal disease. Biofilm 

clearance is crucial to disease prevention and therapy. Personal teeth brushing and auxiliary techniques 

are the most cost-effective, practicable, and accessible approach of biofilm eradication [1]. Those 

undergoing orthodontic therapy, on the other hand, have a difficult time adopting oral hygiene techniques. 

Bands, brackets, and arches of the orthodontic device operate as barriers, preventing toothbrush brushes 

and supplementary cleaning from reaching the underlying tooth surface. This condition promotes biofilm 

production, which promotes gingivitis and caries formation[2,3]. 

 

Many developments have been advocated in the area of orthodontics throughout the previous 50 years. 

One significant difference was the substitution of direct bracket-bonding to the tooth enamel for the oral 

general bandage approach. This modification eased the fitting of permanent equipment and allowed for a 

shorter orthodontic treatment duration[4]. Nevertheless, the possibility of bracket separation is created, 

which can result in treatment delays and increased expenditures[5]. The bond strength of the bracket is 

also potentially affected by the friction generated during tooth-brushing[6,7]. The frictional force of 

toothbrushes on orthodontic brackets may alter the bristle morphology through wear. Worn toothbrushes 

reduce biofilm removal during brushing[8,9]. To avoid gingival tissue injury, round-tipped bristles are 

advised[10]. Some forms are related with abrasions at the cement-enamel interface and gingival 

recessions[11,12].These considerations are critical when deciding whether to replace an old toothbrush 

with a new one. Our team has extensive knowledge and research experience  that has translate into high 

quality publications [13–22] 

 

The purpose of this study was to see if brushing with a soft, medium, or hard bristled toothbrush changes 

the bond strength of orthodontic brackets as well as the wear of the bristles and bristle tips after two years 

of simulated brushing. 

MATERIALS AND METHODS  

Sample preparation and experimental conditions 
Forty-five extracted human premolar and molar teeth were used in this study, which was approved by the  

SIMATS Ethical Committee. As selection criteria, the teeth had to be intact and free from restorations, 

caries, or root wear. The surfaces of each tooth were polished with rubber cups and non-fluoride 

prophylactic paste for 20 s, simulating a recent cleaning. Afterwards, orthodontic brackets were bonded to 

the flattest surface of each tooth. The material used to bond the brackets was a BIS-GMA resinous system 

(Transbond XT, 3M Unitek, Monrovia, California, USA) that was light-polymerized. A single researcher 

performed bonding following the manufacturer’s instructions. After bonding, samples were individually 

stored in glass jars containing 5 ml of distilled water and maintained at 37°C. They were then stabilized in 

an auto-polymerizing acrylic resin, made using a metal matrix designed for this study, to obtain 45 test 

specimens. 

 

The test specimens were randomly distributed into three groups:  

Group 1, control group with no brushing;  
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Group 2, brushing with the Oral B Indicator 35 toothbrush (Oral B)  

Group 3, brushing with the Colgate 360° toothbrush (Colgate-Palmolive). 

 

Samples were adapted to a brushing machine, projected by the discipline of removable partial denture that 

simulated a two-year brushing period with a force of 200 N, frequency of 10 RPM, and 20,000 cycles of 

brushing movements.13  

 

Groups Brushing Bond strength  Wear of bristle tip  

control NO YES NO 

Soft Bristle  YES YES YES 

Medium bristle YES YES YES 

Hard bristle YES YES YES 

 

 

Analysis of bracket bond strength 
The test specimens were modified to fresh auto-polymerizing acrylic resin blocks when the brushing 

phase was finished. A skilled, blinded researcher used a mechanical testing device (INSTRON) to assess 

the binding strength. The scale was set to 50 kg, the machine speed was set at 1.0 mm/min, and the 

recording speed was kept at 20 mm/min. 7 Each sample's required force to break the binding between the 

orthodontic bracket and wire was confirmed. 

Analysis of brush bristles 
Following brushing simulations, the bristle wear and bristle tip morphology of 30 toothbrushes (15 

Colgate 360° and 15 Oral B Indicator 35) were evaluated. As a pre-brushing reference, ten new 

toothbrushes—five Colgate 360° and five Oral B Indicator 35—were evaluated. Analyzing bristle wear 

was done using a photographic assessment approach. 

 

 

Statistical Analysis 
The statistical analyses were performed using IBM SPSS statistics software version 23. One way anova 

was used for the three groups comparison and post-hoc multiple comparison test was also used. 
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Results 

Bracket bond strength  
No significant difference was observed for the mean bond strength between Groups 1 (90.60 kgf/ cm²), 2 

(90.89 kgf/cm²), and 3 (90.18 kgf/cm²). The bristle wear index (WI) was increased for both toothbrushes 

(Groups 2 and 3) after completion of the 15,000 brushing cycles.  

Figure 1: Represents the graph of bond strength between the groups 
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Bristle wear and assessment of bristle tips 
Before brushing, the Colgate 360° toothbrush exhibited a more acceptable bristle tip morphology than the 

Oral B Indicator 35 toothbrush, however after brushing, the Colgate toothbrush displayed a more 

acceptable bristle tip morphology. For both toothbrushes in Groups 2 and 3, the bristle tip morphology 

before brushing was preferable to that after brushing. Brushing made the central (Figures 3) bristle tips of 

the Oral B Indicator 35 toothbrush worse. Brushing the Colgate 360° toothbrush made the side bristles 

worse but not the core bristles (Figures 4). 

 

Figure 2: Graphic Represents the bristle wear between the three bristles 
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Figure 3: Static representation of  the bristle wear between the Groups

 
 

Figure 3: Static representation of  the bond strength between the Groups

 
 

Discussion  
The Colgate 360° toothbrush is designed to promote optimum hygiene regardless of how you brush. This 

toothbrush has a tongue cleaner to remove tongue coating, rubber cups for prophylaxis, and different-

sized bristles to help remove biofilm in the interproximal zone[23] . (15) These features have been put out 

to explain why it is more effective than traditional toothbrushes at lowering plaque indices and gingival 

irritation[24,25] (16,17) These advantages would support the recommendation of this toothbrush to 

individuals seeking orthodontic treatment. 
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Yet significant frictional pressures must be used to remove plaque and pigments, which might weaken the 

binding and cause bracket separation. In contrast to the Oral B Indicator 35, we discovered that the 

Colgate 360° toothbrush had no effect on how well orthodontic brackets adhered to teeth. The binding 

strength of metal orthodontic brackets was evaluated by Hansen et al.[7]  (1999) by simulating two years 

of brushing with ordinary electric (Interplak) and sonic toothbrushes (Sonicare). The bond strengths of the 

control (125.4 kgf/cm2) and sonic toothbrush (79.7 kgf/cm2) groups were significantly different, 

according to these authors, while the electric toothbrush group (107.5 kgf/cm2) did not differ from either 

the control or sonic toothbrush group. It was therefore unclear whether the variation in bracket bonding 

was primarily brought on by mechanical forces or by the impact of the sonic waves emitted by the 

toothbrushes. 

 

After brushing the test specimens in the current investigation, considerable bristle wear was confirmed. 

The mechanical barrier of the orthodontic bracket makes brushing more difficult and causes it to wear out 

faster. Based on in vitro[26] and in vivo [8] studies indicating that worn toothbrushes remove less plaque 

in comparison to fresh brushes, it is advised that the toothbrush be changed if any indication of bristle 

wear is discovered, or every 2-3 months. Yet, several studies found no statistically significant differences 

in the elimination of biofilm from new and used toothbrushes[5,27–29]. According to these research, 

other aspects of oral hygiene, such as brushing duration, force, and patient motivation, are just as 

significant as bristle integrity[28]. To preserve oral and gingival tissues, the bristles' quality of the 

rounded ends is crucial. Dental abrasion and gingival recession occurrences are linked to bristles with a 

round tip[10,11,30]. 10,11,23 Research have revealed that many toothbrushes on the market lack 

standardized bristle tips[31,32]. When compared to Colgate 360° before brushing in the current trial, the 

Oral B Indicator 35 had more acceptable bristle tip morphology. 

LIMITATION 
Due to various restrictions, the findings of this study should be evaluated with care. As in our study, 

toothbrushes are not often used for 24 months. The amount of cutting on both brushes was made worse by 

this circumstance. Another restriction is the 200 N standardisation of the brushing force. The intensity of 

brushing used by orthodontic patients varies greatly (range: 94–400 N28, mean: 250– 300 N29). Thus, 

our findings are an average estimate and do not always reflect patients who 

Conclusion 
According to the technique used in this investigation, the Colgate 360° and Oral B Indicator 35 

toothbrushes did not weaken the binding between the brackets. After brushing, the Oral B Indicator 35 

and Colgate 360° toothbrushes showed obvious signs of bristle wear. To determine if this wear affects the 

mechanical plaque control, additional research with orthodontic patients is required. The bristle tip 

morphology of the Colgate 360° toothbrush was superior to that of the Oral B Indicator 35 after brushing. 

This happened as a result of the Colgate 360° side bristles shorter and  having various diameters  
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