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Introduction 

 In orthodontics, brackets are affixed to the teeth and archwires are inserted into slots in the 

brackets with the goal of directing the teeth to their desired placement in the mouth. This process involves 

sliding brackets along the archwire. Whenever one surface or object rubs against another, friction is 

generated, which causes resistance to sliding.1 In addition, the movement of a bracket along the wire 

generally is not simple, because a bracket is not affixed to the center of resistance of a tooth, which is 

located at approximately 50% of the tooth’s root length, but is instead attached to its crown.2 Any force 

that is not directed through the center of resistance creates a “moment” of the force, which causes a 

rotational movement.1 Therefore, instead of moving bodily along the wire, the tooth tends to tip and 

upright in its bony socket. The tipping causes the corners of the bracket slot to engage with the archwire, 

so-called “binding,” which will cause additional resistance to sliding.3 

 For the orthodontic clinician, friction and binding are a constant struggle, as they decrease the 

efficiency of the tooth movement. Several attempts have been made to reduce the friction involved in 

orthodontic sliding mechanics. One such method that aims to decrease this friction is the use of self-

ligating brackets.4 In contrast to conventional brackets, which rely on elastomeric or wire ligatures to hold 

the wire in the bracket slot, self-ligating brackets use a door or clip that snaps shut to keep the wire in 

place. This mechanism has been suggested to reduce friction and enhance sliding.4  

 The practice of orthodontics also involves the need to balance the desires of patients with those of 

the clinician. The increased demand by patients for a pleasing appearance has led to the development of 

tooth-colored ceramic bracket systems. While providing aesthetic advantages to the patient, the difference 

in surface hardness between the stainless steel archwire and the ceramic bracket slot may create unique 

challenges to the clinician, as the archwire may be notched and/or scratched during tooth movement, 

creating additional resistance to sliding.5 
 Ceramic self-ligating brackets promise to combine the advantages of lower friction with the more 

aesthetic appearances of tooth colored brackets.1 Reduced resistance to sliding as consequence of the self-

ligating mechanism is conceivable in tooth movement without tipping.6 However, information is currently 

lacking with regard to the resistance to sliding under an increasing applied moment. Therefore, the 

objective of this in vitro study was to determine if a self-ligating bracket system showed significant 

differences in resistance to sliding along an orthodontic wire under an applied moment when compared to 

a conventionally ligated metal bracket system. The null hypothesis was that there would be no difference 

in resistance to sliding among brackets. 

 
 

Materials and Methods 

 For this study, commercially available self-ligating brackets (metal and ceramic) were tested 

using a custom-made apparatus to simulate sliding mechanics and the application of a moment (Figure1). 

This experimental design, which dynamically related the resistance to sliding to the magnitude of moment 



applied, allowed for a clinically relevant comparison of the materials. A comparison was made to 

conventionally ligated metal brackets as the current gold standard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 All brackets tested were from the same manufacturer (American Orthodontics, Sheboygan, WI, 

USA). The ceramic self-ligating brackets were Empower Clear Self-Ligating brackets, while the metal 

self-ligating brackets were Empower 2 Self-Ligating brackets. The conventionally ligated brackets tested 

as comparison were Master Series brackets and they were used with elastomeric ligatures (Alastik Gold 

Easy-To-Tie Ligature, 3M Unitek, Monrovia, CA, USA). All brackets were upper left canine brackets, as 

the canine is the tooth most often slid along an archwire during orthodontic treatment. All brackets had a 

slot size of 0.022” and were tested with 0.019x0.025” Stainless Steel archwires. A total of 35 brackets 

were used in each group. 

 The brackets were bonded to a porous, green abrasive stone finishing bur (“green stone”) using a 

light-curing orthodontic bonding material (Transbond XT, 3M Unitek, Monrovia, CA, USA) and the 

technique depicted in Figure 2. This technique provided standardization of the mounting procedure and 

ensured that the bracket slot was in the proper alignment with regard to the archwire passing through it. 

Once the brackets were properly aligned, the bonding material was light cured in order to secure the 

brackets to the green stone. 

 

Figure 1. Custom apparatus provided by the University of 

Minnesota School of Dentistry. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The green stone, along with the properly aligned brackets, was mounted on the rotating axle of 

the testing apparatus. Then, the archwire was fitted into the slot of the bracket and secured to the archwire 

clamps on the testing apparatus. Once both the bracket and the wire were secured to the machine, the wire 

was pulled through the bracket slot at a velocity of 5mm/min. For the first 5 seconds of each test run, the 

wire was pulled straight through the bracket slot in order to determine the normal force, which is the 

resistance to sliding without any applied moment. Once this time had passed, the bracket was rotated on 

the machine’s axle at 0.08325 degrees per second in order to generate an increasing applied moment.  

The applied moment mimicked the tipping of the tooth that typically occurs during sliding 

mechanics in orthodontics (Figure 3). The force required to pull the wire through the bracket and the force 

needed to rotate the bracket were measured at a rate of 100 Hz by load cells attached to the testing 

apparatus and recorded using data acquisition software.  

 Once the data had been collected, the normal force was averaged over the initial 5 second time 

interval and three clinically relevant applied moments (1000 g-mm, 2000 g-mm, and 3000 g-mm) were 

chosen for analysis. The average frictional resistance (in grams of force) for each bracket was then 

calculated for the three clinically relevant applied moments.   

 Additionally, the archwires and brackets were imaged using a stereomicroscope housed within 

the Minnesota Dental Research Center for Biomaterials and Biomechanics (MDRCBB). Four different 

areas of the wires were imaged, each representing a different stage of testing. The stages imaged include 

no engagement of the archwire in the bracket slot, initial engagement (without applied moment), final 

engagement (after application of moment), and the transition site between final engagement and no 

engagement of the archwire and bracket. In addition, images were taken of the bracket slots in order to 

display mechanical surface abrasion due to interaction with the archwire.  

 

Figure 2. An Empower 2 Self-Ligating bracket 

in proper alignment according to a guided wire 

and a circular alignment device.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical Analysis 

 Descriptive statistics were used to summarize the data. A Kruskal-Wallis One Way ANOVA on 

Ranks was used to compare the groups of brackets at each clinically relevant applied moment after the 

data had been tested for normality (Shapiro-Wilk test). Dunn’s Method was used as a post-hoc pairwise 

multiple comparison procedure. Statistical analyses were performed using SigmaStat for Windows (Systat 

Software, San Jose, CA, USA) with P<0.05 considered statistically significant. 

 

 

Results  

 Frictional resistance of the brackets at each clinically relevant applied moment is shown in Figure 

4. Without application of a moment, both the Empower Clear Self-Ligating bracket and the Master Series 

bracket displayed statistically higher frictional resistance (P<0.05) than the Empower 2 Self-Ligating 

bracket. There were no statistically significant differences in frictional resistance between the Empower 

Clear Self-Ligating bracket and the Master Series bracket.  

 Under all three clinically relevant applied moments, the Empower Clear Self-Ligating bracket 

showed a statistically significantly higher frictional resistance (P<0.05) than both the Empower 2 Self-

Ligating bracket and the Master Series bracket. In contrast, there were no statistically significant 

differences in frictional resistance between the Empower 2 Self-Ligating bracket and the Master Series 

bracket at any of the three moments.  

 Representative stereomicroscopic images of the wires and brackets are shown in Figures 5, 6, and 

7.  

 

     

 

Figure 3. A Master Series bracket being exposed to an increasing applied moment 

using the testing apparatus. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Frictional resistance (g) of each bracket without application of a moment (normal force) (A), 

and at moments of 1000 g-mm (B), 2000 g-mm (C), and 3000 g-mm (D). Results are mean values and 

standard deviations. Significant differences between groups are indicated by asterisks* (P<0.05). 
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Figure 5. Archwire at three stages of testing. Left column: no engagement; middle column: initial 

engagement; right column: final engagement. Top row: Empower Clear Self-Ligating; middle row: 

Empower 2 Self-Ligating; bottom row: Master Series. 10x Magnification.  

 

 

 

 

 
Figure 6. Transition sites between final engagement and no engagement of archwire and bracket 

combinations. Left: Empower Clear Self-Ligating; middle: Empower 2 Self-Ligating; right: Master 

Series. 10x Magnification.  

 

 

 



 
Figure 7. Maxillary right canine bracket slot representing mechanical surface abrasion due to interaction 

with the archwire. Left: Master Series; middle: Empower 2 Self-Ligating; right: Empower Clear Self-

Ligating. 5x Magnification.   

 

 

Discussion  

 Self-ligating brackets have been designed to offer a number of advantages, including lower levels 

of friction resulting in more efficient orthodontic sliding mechanics.4 While previous research has 

suggested that reduced resistance to sliding as a consequence of the self-ligating mechanism is 

conceivable if no tipping of the tooth occurs,6 information with regard to the resistance to sliding under 

application of a moment is scarce. Therefore, this study determined the resistance to sliding of metal and 

ceramic self-ligating brackets under clinically relevant applied moments to simulate tooth tipping and 

resulting deflection of archwires.  

 Without the application of a moment, the metal self-ligating brackets showed significantly lower 

resistance to sliding than the ceramic self-ligating brackets and the metal conventionally ligated brackets. 

This experimental condition assesses the normal force, i.e. resistance to sliding caused only by friction, 

and simulates orthodontic sliding mechanics in a situation where there is no tooth irregularity or 

deflection of the archwire. The lower resistance to sliding of the metal self-ligating brackets in 

comparison with their ceramic counterparts is likely caused by the difference in surface characteristics. 

Ceramic brackets tend to have rough, coarse surfaces, which cause higher friction during sliding when 

used with metal orthodontic archwires. Since the surface characteristics of the conventional and self-

ligating metal brackets are almost identical, the higher resistance to sliding displayed by the 

conventionally ligated brackets is likely caused by the mode of ligation that each bracket utilizes. In this 

study, the conventionally ligated bracket used an elastomeric ligature to hold the orthodontic wire in the 

bracket slot. This mode of ligation increases the resistance to sliding because the ligature exerts a force on 

the wire such that the wire presses against the floor of the bracket slot. In contrast, the self-ligating 

bracket utilizes a door to hold the orthodontic wire in the bracket slot. The door is passive in that it does 

not exert a force on the wire, so the wire may move more easily through the bracket slot.  

 When an increasing moment was applied, the ceramic self-ligating bracket showed significantly 

higher resistance to sliding than both types of metal brackets, while there was no statistically significant 

difference in resistance to sliding between the metal brackets under all three clinically relevant applied 

moments. The latter suggests that any advantage the metal self-ligating brackets had over the 

conventionally ligated brackets in a clinical situation without tooth irregularity or deflection of the 

archwire, went away once clinically relevant moments were applied. The application of a moment 

simulates tipping of the tooth, which causes the corners of the bracket slot to engage with the archwire, 

the so-called binding. This binding seems to influence the resistance to sliding more than friction, and 

seems not to be affected by the mode of ligation. The increased resistance to sliding of the ceramic self-

ligating bracket under the clinically relevant moments may again have been caused by its rough, coarse 

surface – especially at the mesial and distal corners of the bracket slot. The surface roughness may have 

caused more binding, or possibly even notching of the archwire, than the smoother metal surfaces of both 

conventionally ligated and self-ligating metal brackets. 



 Based on the present results, the null hypothesis that all brackets would show no difference in 

resistance to sliding must be rejected. Since orthodontic brackets most certainly experience moments 

during sliding mechanics in a clinical setting, the present study also provides evidence to suggest that 

there is no benefit to using self-ligating brackets over conventionally ligated brackets. Furthermore, it 

appears that while ceramic self-ligating brackets have the advantage of more aesthetic appearance, they 

also significantly increase the resistance to sliding, which may be a disadvantage in cases that require 

orthodontic sliding mechanics.  

  

 

Conclusions 

1. Without application of a moment, metal self-ligating brackets have lower resistance to sliding 

than conventionally ligated metal brackets, which is advantageous for orthodontic sliding 

mechanics under circumstances in which teeth are not tipped and the archwire is not deflected.  

2. Once clinically relevant moments are applied, the resistance to sliding increases for both self-

ligating and conventionally ligated brackets. Additionally, metal self-ligating brackets no longer 

have an advantage with regard to sliding over their conventionally ligated counterparts. 

3. Of the brackets tested, ceramic brackets showed the highest resistance to sliding under all 

circumstances and are, therefore, not considered ideal for orthodontic sliding mechanics.  
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